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Abstract  

Obesity is currently widespread in the world; the epidemic and pathogenesis of the disease 
negatively affect several body systems including cardiovascular, endocrine and respiratory 
systems. Obesity influences the respiratory functions and this effect could be challenging 
for women, because the air way and lungs are smaller in women compared to men, as well 
as obesity itself exerts a negative mechanical effect on the women’s airway. Since 
inflammation was proposed as the main link between obesity and lung functions, a natural 
supplement like conjugated linoleic acid (CLA), which has been proposed as an anti-
inflammatory and anti-obesity food component, could be a potential supplement that can 
improve the lung functions in obese women. Therefore, the aim of this thesis is to explore 
the effect of CLA on obesity, lung function, adipokines and inflammation. Additionally, the 
effect of CLA on inflammation in the current thesis was explored using novel inflammatory 
markers, such as adhesion molecules (CD11b and CD62L) and heat shock proteins (HSPA1A 
and HSPB1). 

  Investigating the evidence about the effect of CLA supplementation on obesity in women 
was conducted via a systematic review with meta-analysis. The meta- analysis searched 
randomised control trials (RCTs) supplemented CLA mixture in form of oral capsules for 
less than 6 months. Two search strategies were applied, and eight eligible trials were 
included with 330 women. CLA significantly reduced body weight (BW; 1.2±0.26 kg, 
p<0.001), body mass index (BMI; 0.6 ±0.13 kg/ m², p <0.001) and total body fat (TBF; 0.76± 
0.26 kg, p=0.003) when it was supplemented for short durations (6- 16 weeks). Moreover, 
subgroups meta-analyses were conducted which were based on obesity level, menopausal 
age and life style of the participants. This meta-analysis suggested a mild anti-obesity 
effect of CLA. However, it was not clear whether the anti-obesity effect is enough to 
modulate obesity-induced inflammation and lung functions. Therefore, initially a cross-
sectional trial was conducted to assess the direct associations between the circulating level 
of CLA and obesity markers, lung functions and inflammations. To the best of Knowledge, 
this was the first cross-sectional trial that explored these direct associations. 

 The cross-sectional trial recruited 77 women with average age 39 years old with forced 
expiratory volume in one-second (FEV1) ≥70%. The level of CLA in plasma was assessed by 
gas chromatography; the expression of the CD markers and HSPs were assessed using flow 
cytometry; body composition was assessed using bioelectric impedance; and lung 
functions were assessed using spirometer. Interestingly, the trial revealed significant 
positive associations between CLA and BW (R=0.4, p<0.001), BMI (R=0.4, P<0.001) and TBF 
(R=0.34, P<0.001) in the overall population, and in perimenopause women. A significant 
inverse correlation between t10, c12-CLA and TBF was detected in overweight women (R=-
0.42, p<0.05). A significant positive association (R=0.45, P<0.04) was detected between 
the c9, t11-CLA and percentage peak of flow predicted (PEF %) in postmenopausal women, 
meanwhile t10, c12-CLA was negatively associated with peak of flow (R=-0.44, P<0.04). 
CLA was inversely associated with adiponectin in both obese (R=-0.55, p<0.1) and morbidly 
obese (R=0.48, P<0.004) women. C9, t11-CLA was positively associated with the expression 
of HSPA1A inside the lymphocytes in postmenopausal women (R=0.58, p=0.04). HSPB1 
expression in the monocytes were associated with both c9, t11-CLA (R=0.58, p<0.05) and 
total CLA (R=0.71, p<0.001). The level of expression of CD11b on the pro-inflammatory 
monocytes (CD14++ CD16+) was negatively associated with CLA (R=-0.36, p<0.05). 
Ultimately, the study did not provide strong evidence regarding the direct relationship 
between CLA and obesity markers or lung functions. However, it showed a potential 
immunomodulatory effect of CLA on obesity-induced chronic inflammation, which 
subsequently could influence multiple obesity compilations. The lack of strong evidence 
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was primarily due to the nature of the study design (observational study). Therefore, in 
chapter 5 a randomised double-blind placebo control trial was conducted, for more 
powerful evidence based. 

The aim of the RCT was to look at the effect of 12-week CLA supplementation on obesity, 
lung function, adipokines and inflammation in obese and overweight women. The RCT 
recruited 56 overweight and obese women with a mean age of 42 years old, participants 
were randomly assigned either to receive 4.5gm/day of CLA or placebo (High Oleic 
Safflower oil). Participants had to attend three clinics at base line, after 6 weeks and after 
12 weeks. In each clinic body composition, lung functions and inflammatory markers 
were assessed. The study revealed a significant 1.8% reduction in %BF in the CLA group 
compared to the baseline. No significant effect of CLA on the lung functions was 
detected, however, this study found a significant reduction in the expression of CD11b 
on the stimulated pro-inflammatory monocytes after 12 weeks compared to baseline in 
the CLA group. CLA caused a significant reduction in the expression of intracellular 
HSPA1A in PBMCs at week 12 compared to baseline. The results might suggest a limited 
anti-obesity effect of CLA, and a potential positive effect on obesity induced chronic 
inflammation. Ultimately, no evidence was demonstrated on the direct effect of CLA on 
lung functions or adipokines. The effect of CLA on adhesion molecules and HSPA1A could 
suggest an indirect impact on the lung function, but more research in clinically diagnosed 
patients with pulmonary dysfunctions could help to confirm the effect of CLA on the lung 
function and adipokines.  
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1 Chapter 1: Introduction 

 General introduction 

Obesity is one of the major epidemics that facing the world nowadays. According to WHO 

in 2016, 39% of adults over 18 were classified as overweight and 13% as obese. The 

problem is still increasing in the UK, where in 2016/2017, 617,000 patients admitted to 

NHS hospitals with either primary or secondary obesity related disease, which is 8% higher 

than in 2015/2016, and 72% of those patients were women (NHS, 2018). Obesity has 

several metabolic complications such as increasing the risk of cardiovascular disease 

(Rabkin, Mathewson, & Hsu, 1977), cancer (Zhang, Wu, & Yu, 2016) pulmonary dysfunction 

(Beuther & Sutherland, 2007), and metabolic syndrome (Jung & Choi, 2014). Obesity needs 

special attention in women because it increased the risk of cervical breast cancer, ovarian 

cancer, as well as being  associated with developing polycystic ovary, and infertility (Ryan 

& Braverman-Panza, 2014; Zhang et al., 2016). Whilst physical activity is one of the 

universal recommendations to manage obesity, it has been found that exercise could lead 

to high risk of exertional breathlessness in obese women (Ofir, Laveneziana, Webb, & 

O'Donnell, 2017). This is not only because of the anatomical variation of the lung and 

airway size in women compared to men, but also due to the abnormal ventilatory 

mechanics in obese subjects (Ofir et al., 2017). 

 Conjugated linoleic acid (CLA) is a natural food component, and its main sources are meat, 

fats and dairy products of ruminants fed on grass and not on grain. CLA has been proposed 

as an anti-inflammatory, anti-obesity supplement in several literatures, reviewed in Yang 

et al. (2015). The prior effects could suggest a potential positive effect of CLA on lung 

functions, which has been found to be negatively influenced by obesity (Dixon & Peters, 

2018; Scott, Gibson, Garg, & Wood, 2011). This could happen indirectly if CLA is able to 

reduce the obesity-induced-chronic-inflammation, and/ or directly, if CLA is able to 

modulate the mechanical effects of obesity on the airway. This assumption encouraged 

several researchers to look at the effect of CLA on respiratory disease. However, the 

number of studies looked at the effect of CLA on lung functions is very limited and these 

studies varied widely. This was a rationale to investigate the effect of CLA on obesity, lung 

functions, adipokines and inflammations in women. 

 This chapter discusses the structure, the sources and the intake of CLA in different 

population, as well as the potential biological sample to measure the CLA concentration in 
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the human body. Then, it reviews the effect of CLA on obesity, lung function, adipokines, 

as well as the effect of CLA on some traditional and potential novel inflammatory markers. 

 CLA definition, structure, sources and synthesis  

CLA is a group of structural isomers, up to 56 structural isomers, of conjugated 

octadecadienoic acid (18:2) with double bonds pairs located at carbon no. 6,8-; 7,9-; 8,10-

; 9,11-; 10,12-; 11,13-; 12,14-or 13,15- with 4 geometrical configurations cis-cis; trans-

trans; cis-trans or trans-cis (Bauman, Baumgard, Corl, & Griinari, 2000). Unlike counting 

carbon atoms in the omega system which starts from the –CH3 terminus, the numbering 

of carbon in CLAs isomers start from the –COOH terminus (Benjamin, Prakasan, 

Sreedharan, Wright, & Spener, 2015) (Figure 1.1). CLA is endogenously synthesised by bio-

hydrogenation and hepatic desaturation of forage-derived fatty acids such as linoleic acid 

(LA) and oleic acid (Bauman et al., 2000). 

 The biological activities of CLA are mainly attributed to two isomers; cis9, trans11-CLA (c9, 

t11-CLA) which represents 70-80% of total human CLA intake and trans 10, cis 12 -CLA 

isomer (t10, c12-CLA) which represent 10% of CLA intake  (den Hartigh, 2019; Jensen, 

2002). Increasing the intakes in CLA supplementation studies is usually done via 

commercially available CLA formulas, which is commonly having an equal ratio of the two 

isomers as previously listed by Benjamin et al. (2015). Modification of this ratio for the 

mass production was prepared via alkaline isomerization of high linoleic acid sunflower oil 

(Koba & Yanagita, 2014; Reaney, Liu, & Westcott, 1999). 

 

Figure 1-1. The main biological active isomers of CLA. Adapted from (Yang et al., 2015) 

 CLA is produced by the bacterium Butyrinvibro fibrisolvens as an intermediate in the 

process of bio hydrogenation of forage derived mono unsaturated fatty acids into 

saturated stearic acid (Chin, Liu, Storkson, Ha, & Pariza, 1992; Kepler, Hirons, McNeill, & 
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Tove, 1966). About 90% of total CLA isomer in ruminant meat is c9, t11-CLA isomer, and 

the majority of c9, t11-CLA in ruminant fats is endogenously synthesized by the action of 

stearoyl-CoA desaturase (also known as Δ9 desaturase) on vaccenic acid (VA) which is 

found in various tissues such as mammary gland (Mosley, McGuire, Williams, & McGuire, 

2006), liver (Viswanadha, McGilliard, & Herbein, 2006), adipose tissue (Jiang, Wolk, & 

Vessby, 1999). Stearoyl-CoA desaturase catalyses the addition of c9 conjugated double 

bond to VA (Lock, Corl, Barbano, Bauman, & Ip, 2004). Interestingly, in humans, the 

endogenously synthesized c9, t11-CLA from VA was estimated to be from 19%-30% with 

individual variation depend on the VA acid intake (Turpeinen et al., 2002). In commercially 

produced CLA supplements, Geotrichum candidum and Candida rugosa both produce 

lipases which allow manipulation of c9, t11-CLA: t10, c12-CLA ratio (Koba & Yanagita, 2014; 

Nagao et al., 2003). 

 CLA intake in humans  

As previously mentioned, the main sources of CLA are meat, dairy product and fat of the 

grass feed ruminants (deer, goat, sheep and cows). Table-1.1 illustrates the total CLA 

(mg/g) and %c9, t11-CLA isomers content in different food (Koba & Yanagita, 2014). Since 

the content of CLA in different food is varied, variation in CLA intakes is likely as well. 

Several studies in different countries have quantified the CLA intakes in humans, and the 

highest c9, t11-CLA intake was reported using national dietary survey data in Australia 

(500-1500mg/day) (Parodi, 1994). In the UK, the average CLA intake in women was 

estimated by 7-days weighed food record as 97.5mg/day (Mushtaq, Heather Mangiapane, 

& Hunter, 2010), this was less than the intake in Germany (350mg/day) assessed from the 

database of German nutrition study (Fritsche & Steinhart, 1998). However, the CLA intake 

in the UK,  was closer to the estimated intakes in Portugal (73.70mg/day) which was 

calculated based on data from the national statistics (Martins et al., 2007). In the USA, the 

average CLA intake assessed by food diary  in males and females were less (212mg/day in 

males and 193mg/day in females) than that assessed using food frequency questionnaire 

(197mg/day in males and 151 mg/day in females), and dietary recall (176mg/day in males 

and 133 in females) (Ritzenthaler et al., 2001). This variation in the intakes (Figure-1.2) 

level could be explained by three reasons. The first reason is the difference in the method 

used to assess the dietary intakes in those studies, where food frequency questionnaire is 

usually associated with overestimation of energy intake compared to other method, as 

well as it depend on the recall ability of subjects (Bingham et al., 1994).  The second reason 

is the different CLA content in ruminant meat and dairy products in each country. The last 
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reason is due to the variation in the dietary habits in different countries (Khanal & Olson, 

2004; Mushtaq et al., 2010). 

 The CLA content in the currently available ruminant products ranges from 2-5mg/g of total 

fats (Koba & Yanagita, 2014). Dhiman, Nam, and Ure (2005) suggested that the large 

increase in the CLA daily intake in human was achieved from high-CLA whole milk (319%), 

and cheese (342%), meanwhile the intake from beef and poultry achieved a lower 

percentage of increase in the CLA intake,71% and 0 %, respectively. However, the data 

provided by the previous authors included a larger number of participants in the group 

consumed cheese (n=48) and whole fat milk (n=42) compared to that in beef (n=24) and 

poultry group (n=13). 

Table 1-1. CLA contents in different food, adapted from (Koba & Yanagita, 2014). 

Foods Total CLA mg/g fats c9, t11-CLA% 

Beef 4.3 85 

Veal 2.7 84 

Mutton 5.6 92 

Pork 0.6 82 

Chicken  0.9 84 

Egg Yolk 0.6 - 

Salmon 0.3 - 

Shrimp 0.6 - 

Scallop 0.3 - 

Milk 5.5 92 

Butter 4.7 88 

Yoghurt 4.8 84 

Ice cream 3.6 86 

Cream cheese 3.8 88 

Cheddar cheese 3.6 93 

Parmesan cheese 3 90 

American Processed Cheese 5 93 

Corn oil 0.2 39 

Safflower oil 0.7 44 

Olive oil 0.2 47 

(-) Below the detection range 
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Figure 1-2. CLA daily intakes in different countries. Derived from (Fritsche & Steinhart, 

1998; Martins et al., 2007; Mushtaq et al., 2010; Parodi, 1994; Ritzenthaler et al., 2001) 

 

 In the UK,  women’s CLA intake was quantified to be 68.3 ± 37.9 mg/day compared to 126 

± 89.8 mg/day in men (Mushtaq et al., 2010) after energy adjustment. The current low CLA 

content in food together with the 90% reduction in CLA intake compared to the intake in 

the past (MacRedmond & Dorscheid, 2011) raised doubts that diet only would be able to 

increase the level of CLA in humans (Koba & Yanagita, 2014). Therefore, increasing the CLA 

daily intake in most of the studies was done either by supplementing CLA as enriched food, 

such as CLA enriched cream, yogurt or butter (Jaudszus et al., 2016; Tricon, Burdge, Kew, 

Banerjee, Russell, Grimble, et al., 2004), or as an oral capsule (MacRedmond et al., 2010; 

Norris et al., 2009; Raff et al., 2009). Despite large number of the studies supplemented 

CLA, up to this is moment there is no absolute recommended daily dose of CLA, or a valid 

quantitative or semi-quantitative measure of CLA intake that standardized against a 

biological marker, and can be used worldwide. Hence, this needs to be addressed in the 

future research.  

0

200

400

600

800

1000

1200

Portugal UK USA German Australia

A
ve

ra
ge

 C
LA

 In
ta

ke
 m

g/
d

ay
 



 
 

7 
 

 

 Factors influencing the CLA content in food  

CLA content of ruminant dairy products is affected by several factors that are mainly 

related to feed ruminant grass, because feeding ruminant animals fresh grass elevates the 

CLA contents of milk and dairy product from 2-3 times compared to grain fed ruminants 

(Ponnampalam, Mann, & Sinclair, 2006). This is because the soluble fibre and the 

fermented sugar contents of the fresh grass raised the PH of the ruminant’s gut and 

modulate the microbiome environment inside the ruminant’s gut, which subsequently 

causes proliferation of the bacteria that synthesised CLA (Dhiman et al., 2005). Seasonal 

changes is another factor, where the CLA content of ruminant milk increases 2 - 3 times 

during the summer months (Kelly, Kolver, Bauman, Van Amburgh, & Muller, 1998). This is 

because turning the cows out for pasture to eat fresh grass enables the cows to eat food 

rich in forage and subsequently synthesize more CLA (Kelly et al., 1998).  

 Other factors such as the age of the animal, the geographical region and the food 

processing method influence the CLA content in animal meat (Khanal & Olson, 2004). The 

effect of food processing on the level of CLA can be seen in clarification of the ghee at 110 

°C to 120 °C, where the CLA content increased from 0.6% in the raw milk to 1.2% in 

pasteurised milk (Dhiman et al., 2005). Furthermore, CLA content in dairy products can be 

affected by regional variation and the stage of lactation of the milk-producing animal 

(Benjamin et al., 2015; Kelsey, Corl, Collier, & Bauman, 2003; O’Donnell-Megaro, Barbano, 

& Bauman, 2011). 

 Measuring and monitoring CLA level in humans and factors influencing its 

plasma concentration 

Tracking and monitoring the CLA intakes in the circulation is essential to assess the 

compliance of the participants in the RCTs, and to correlate any demonstrated change in 

the investigated outcomes, in those trials, to the level of CLA in the body. However, the 

most reliable biological sample to measure and monitor CLA in human body is not clear. 

Furthermore, the best supplementation method to increase the level of CLA in the human 

body appear to be challenging. 

 This challenge could be seen in a study by Benito et al. (2001) which showed that after 7.5 

weeks of a 3.9 g/day CLA supplementation, a significant increase in the level of c9, t11-CLA 

was found in the plasma of 17 healthy women, a value that represented 4.23% of the 
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ingested CLA in any given day. Interestingly, the same study did not demonstrate a change 

in the level of CLA or any of its isomers in the adipose tissue. Notably, the adipose tissue 

sample was collected from the buttocks only and not from different sites, since the 

buttocks and abdominal adipose tissue have significant differences in their essential fatty 

acid content, especially fatty acids that derived from the diet (Malcom et al., 1989). 

Therefore, the outcome would likely have been different if the sample would have been 

taken from different sites.  

 Similar to plasma, a significant gradual increase in CLA content of total serum lipids was 

demonstrated when 0.7- 1.4 g/day of CLA mixture supplemented for 4 weeks each 

(Mougios et al., 2001). This might suggest plasma and serum as preferable biological 

samples to track the CLA intakes due to dose dependent effect. Additionally, serum and 

plasma are less invasive and not subjected to inconsistency due to the variation of the 

sampling sites as in adipose tissue. In the end, plasma and serum could be considered as a 

satisfactory biological sample to track CLA isomer. However, future studies that correlate 

the CLA intake with CLA level in both plasma and different sites of adipose tissue are 

needed to identify the best biological sample that can monitor CLA. 

 As previously mentioned, there are two methods to artificially increase the level of the 

CLA intakes either by supplementing CLA enriched food, mainly dairy products (Jaudszus 

et al., 2016; Nazare, De La Perriere, et al., 2007; Son et al., 2009) or providing CLA in form 

of capsules (Norris et al., 2009; Petridou, Mougios, & Sagredos, 2003; Raff et al., 2009). 

Zlatanos, Laskaridis, and Sagredos (2008) compared the level of CLA in plasma after using 

both methods, and they found that the group receiving food enriched with CLA had 75% 

increase in c9, t11-CLA in plasma compared to baseline. However, those consumed 

capsules had 180% higher c9, t11-CLA level in plasma than baseline. This suggests that CLA 

capsule supplementation could be a better option to increase the CLA intake especially in 

patients did not like cheese or have lactose intolerance. 

 Unlike CLA intake, the absolute CLA concentration in plasma and the percentage of CLA 

from the total plasma fat in females was high compared to males Abdelmagid et al. (2013) 

in both Caucasian and Asian populations. This difference in the circulating level of c9, t11-

CLA between women and men might be explained by the high stearoyl-CoA desaturase 1 

(SCD1) in females compared to males (Lee, Pariza, & Ntambi, 1996). It is not known why 

women express SCD1 more than men, but the latter trial found that women using 

contraceptive hormones had a high level of c9, t11-CLA which suggests that there is a role 
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of sex hormones in the endogenous synthesis of c9, t11-CLA (Emken, Adlof, Duval, Nelson, 

& Benito, 2002). Another cause of this variation in c9, t110-CLA could be a difference in 

the intake of VA (CLA’s precursor) between women and men, since it has been shown that 

healthy women can have a higher VA intake compared to healthy men (Turpeinen et al., 

2002). This suggests that VA intake might be more representative of the level of CLA in 

plasma than CLA intake. Ultimately, this might raise a question about if it is better to 

supplement VA rather than CLA to raise the circulating level of CLA in the body. However, 

more research needs to be carried out to confirm this assumption. 

 The potential mechanisms of action for CLA  

Two main suggested mechanisms might explain the various biological activities of CLA. The 

first suggested mechanism is the endoplasmic pathway, and the second mechanism is the 

nucleus mechanism. The endoplasmic pathway (Figure-1.3) suggested that CLA might 

interfere with the synthesis of arachidonic acid (AA) from LA leading to a decrease in the 

arachidonate pool (Belury, 2002b). In more details, CLA is either competes with LA at the 

level of desaturase and elongase enzymes to prevent synthesis of AA and its incorporation 

in the cell membrane phospholipids (Urquhart, Parkin, Rogers, Bosley, & Nicolaou, 2002); 

or alternatively, CLA in the cell membrane might compete with AA for phospholipase A2 

enzyme leading to a reduction of the release of free AA (Urquhart et al., 2002). 

Furthermore, CLA may inhibit the release of eicosanoid by transcriptional down regulation 

of cyclooxygenase-2 (COX-2) and 5-lipoxygenase which are key enzymes in the synthesis 

of prostaglandin and leukotrienes leading to a subsequent reduction of inflammation and 

bronchospasm (Ochoa et al., 2004; Ringseis et al., 2006). This assumed mechanism might 

be confirmed by the demonstrated parallel pathway of CLA for LA metabolism (Banni, 

2002). Consequentially, this decline in eicosanoid product would lead to alterations in 

cytokines release that promotes inflammation (Belury, 2002b). 
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Figure 1-3. The endoplasmic mechanism of CLA. Adapted from Yang et al. (2015). 

 

 The nucleus mechanism of CLA (Figure-1.4) assumes that CLA might act as an agonist or 

high-affinity ligand for peroxisome proliferator activated receptor-γ (PPAR-γ). (PPAR-γ) is 

a group of nuclear receptors that directly and indirectly regulate transcription of various 

genes responsible for energy regulation, haemostasis and immune response (Belury, 

2002a; McCarthy et al., 2013; Yang et al., 2015). PPAR has four different isoforms (α, β, δ 

and γ) with different expression levels in different tissue types and multiple receptor 

activators. Most of them are fatty acids or their eicosanoids derivative (Belury, 2002a). CLA 

either alters the heterodimer binding of PPAR-γ with peroxisome proliferator-activated 

receptor elements (PPARE) or alters its phosphorylation (MacRedmond & Dorscheid, 

2011). In more details, CLA affects ligand presentation for extracellular-signal-regulated 

kinases (ERK) in case of c9, t11-CLA, or p38 MAP kinase (a class of mitogen-activated 

protein kinases that are responding to the stress stimuli) in case of t10, c12-CLA (Kennedy, 

Chung, LaPoint, Fabiyi, & McIntosh, 2008). This step is followed by phosphorylation of 

Serine 82 or Serine 112 residue of PPAR- γ, in c9, t11- CLA or c10, t12-CLA, respectively 

(Kennedy et al., 2008). A resulting PPAR-γ would be either available for ubiquitination and 

degradation, or for ligand binding and heterodimerization with the activated retinoid x 

receptor (RXR). The latter scenario would lead to the induction of the transcription of 

(PPRE), and the suppression of the transcription of nuclear factor NF-kappa-β (NF-kβ) and 
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its dependent genes which subsequently modulate the regulation of genes responsible for 

alteration of inflammation, apoptosis and metabolism (Kelly, 2001; MacRedmond & 

Dorscheid, 2011; Yang et al., 2015). 

 

Figure 1-4. The nucleus mechanism of CLA. Adapted from (MacRedmond & Dorscheid, 

2011) 

 

 General effects of CLA on health 

The biological activity of CLA was discovered accidentally in 1979 after Pariza et al., who 

demonstrated antimutagenic effects of hamburgers (Pariza, Ashoor, Chu, & Lund, 1979) 

Then, it has been found that the growth of an epidermal tumour induced by 7, 12-

dimethybenz[a] anthracene in mice was inhibited by the partially purified derivative of this 

anti-mutagenic extract (Pariza & Hargraves, 1985). After that, both the active anti-

mutagenic and anti-carcinogenic effect of these extract were attributed to the presence 

of the conjugated double bond of LA (Pariza & Hargraves, 1985). This anti-carcinogenic 

effect of both CLA isomers has been since demonstrated in many animal species and 

various animal models, such as, pigs, rats, mice and rabbits (Clement et al., 1996; Clement, 

Chin, Scimeca, & Pariza, 1991; Clement, Scimeca, & Thompson, 1995; Clement et al., 1999). 

There is in vivo and in vitro evidence suggesting that the CLA mixture and each isomer 

individually have multiple positive health outcomes (Tricon, Burdge, Kew, Banerjee, 

Russell, Grimble, et al., 2004). 

Following the expansion of the biomedical studies that have explored the effects of CLA 

on health, both in vivo and in vitro, several positive effects have been attributed to CLA. 
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These positive effects have included body fat reduction (Gaullier et al., 2007; Gaullier et 

al., 2004), anti-atherosclerosis (Tricon, Burdge, Kew, Banerjee, Russell, Grimble, et al., 

2004), improvement of bone mineralization (Aryaeian, Shahram, & Djalali, 2016), delaying 

the onset of type 2 diabetes (Garibay-Nieto, Queipo-García, Alvarez, Bustos, Villanueva, 

Ramírez, León, Laresgoiti-Servitje, Duggirala, & Macías, 2016), and modulation of 

immunity and reduction of inflammatory mediators (Viladomiu, Hontecillas, & 

Bassaganya-Riera, 2015). These effects have been reviewed in detail in several reviews 

(Benjamin et al., 2015; den Hartigh, 2019; Dilzer & Park, 2012; Gaullier et al., 2004; 

Plourde, Jew, Cunnane, & Jones, 2008; Yang et al., 2015). However, human studies varied 

widely due to the variation of the dose used, the isomer supplemented and the patients’ 

characteristics. Furthermore, human studies showed less consistent results than animal 

studies, possibly because CLA dose per kg in animal studies was generally higher (1.07 

g/kg) than the supplemented dose in human trials (0.05 g/kg) (Kennedy et al., 2010; 

Plourde et al., 2008). Additionally, most of the animal in the animals’ studies were in a 

growing stage which is equivalent to the adolescent stage in humans, plus there is an 

evidence that the biological activity of CLA can be different in different species (Plourde et 

al., 2008). This thesis focuses mainly on the effect of CLA particularly on obesity marker, 

inflammation, and lung functions. 

 CLA effect on obesity and body composition 

1.8.1 In animal studies 

The anti-obesity effect of CLA has been widely reported in different animal species 

including rats, pigs, hamsters and mice (Plourde et al., 2008). However, the largest 

reduction in body fat (ranging from 40% to 80%) was demonstrated in mice after 

administration of 2.4mg/ kg of CLA mixture for 6 weeks fed alongside a high fat (45% kcal) 

or low fat (15% kcal) diet (West et al., 1998). Although most of the studies had used a CLA 

mixture (c9, t11-CLA: t10, c12-CLA; 50:50), the anti-obesity effect of CLA in animals were 

mainly referred to t10, c12-CLA (Park, Storkson, Albright, Liu, & Pariza, 1999). T10, c12-CLA 

affecting the body fat mass by promoting lipolysis in adipocytes (den Hartigh, Han, Wang, 

Omer, & Chait, 2013). In addition, t10, c12-CLA isomer impaired triacylglycerol storage in 

adipocytes by increasing the β-oxidation of fatty acids in adipocytes as well as in the 

skeletal muscle (den Hartigh et al., 2013; Koba & Yanagita, 2014; Yang et al., 2015). 

Moreover, t10, c12-CLA reduced the size of adipocytes compared to c9, t11-CLA isomer in 

rats (Jaudszus, Moeckel, Hamelmann, & Jahreis, 2010; Vemuri, Kelley, Mackey, Rasooly, & 

Bartolini, 2007). The previous effects of CLA on adipocytes might be due to the inhibitory 
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effect of t10, c12-CLA on PPAR-γ combined RXR which caused a reduction in the 

transcriptional regulation of the genes that targeted by PPAR-γ (Pariza, 2004; Yang et al., 

2015). These genes include lipoprotein lipase (LPL), adipocyte lipid binding protein leading 

to further alteration in adipocyte differentiation and fatty acid synthesis and metabolism 

(the nuclear mechanism)(Pariza, 2004; Yang et al., 2015). 

1.8.2 In human studies 

Regarding the human studies, the effect of the CLA on body fat mass, body mass index 

(BMI)  has been reviewed in several reviews (Benjamin et al., 2015; den Hartigh, 2019; 

Dilzer & Park, 2012; Koba & Yanagita, 2014). Riserus, Berglund, and Vessby (2001) showed 

a significant 0.57cm reduction in sagittal abdominal diameter (P=0.04, 95% CI; -1.12, -0.02) 

after supplementing obese and overweight subjects with metabolic syndrome with 

4.2g/day CLA mixture (c9, t11-CLA: t10, c12-CLA,50: 50) for 4 weeks. Sagittal abdominal 

diameter is an indicator of the abdominal obesity which is a risk factor for type 2 diabetes, 

cardiovascular disease and metabolic syndrome (Risérus, Ärnlöv, et al., 2004). In contrast, 

other studies did not report any change in BMI, lean body mass (LBM) or body weight (BW) 

when supplemented obese and overweight subjects with 3.4 g/day CLA mixture or 4 g/day 

c9, t11-CLA isomer, for 6 months (Sluijs, Plantinga, de Roos, Mennen, & Bots, 2010; 

Syvertsen et al., 2007). Gaullier et al., (2005) extensively studied the effect of CLA on the 

energy intake, metabolic hormones, obesity and body composition via one year extension 

of an open label study (Gaullier et al., 2004). Gaullier et al., (2005) is a unique study with 

regards to the long-term supplementation duration as well as the large number of 

participants involved in the study, as it supplemented 125 overweight participants with 

CLA (3.6 g/day in free fatty acid form or 3.4 g/day in triglyceride form) for 2 years. Initially, 

non-significant reduction in the BMI, BW, TBF and caloric intake were reported(Gaullier et 

al., 2004). However, there was a significant 1.8±4.3 kg increase in the lean body mass 

during the first year (Gaullier et al., 2004). In the second year, there was a significant 

reduction in the BMI (2.1%, 3.1%), BW (1.8%, 2.9%), percentage body fat (%BF) (5.7%, 

8.5%), energy intake (10%, 15.5%), for free fatty acid CLA and for CLA in triglycerides form, 

respectively. This higher anti-obesity effect of triglycerides formula might suggest an 

influence of CLA formula on its efficacy, which might be explained by the possibility that 

triglycerides might have a better bioavailability than the free fatty acid. This is because the 

recovery of CLA in free fatty acid form was found to be lower than the linoleic acid (Sugano 

et al., 1997), and the bioavailability of CLA in triglycerides form was found to be equivalent 
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to the linoleic acid (Martin et al., 2000). Hence, triglyceride form of CLA might have  abetter 

bioavailabilty.  

 Another suggested anti-obesity mechanism for CLA involves increasing the basal 

metabolic rate (BMR) (Kennedy et al., 2010). Several studies found an increase in the BMR 

after supplementation with CLA mixture (c9,t11-CLA: t10,c12-CLA,50:50) for a duration 

ranged from 8 to 14 weeks, however, this increase did not cause significant changes in 

body weight, BMI, LBM, body fat or any other body composition markers (Nazare, Perrière, 

et al., 2007; Whigham, O’shea, Mohede, Walaski, & Atkinson, 2004). Other studies failed 

to demonstrate any lowering effect of CLA on BMR as well as body composition 

parameters (Lambert et al., 2007; Steck et al., 2007). On contrary, one study showed a 

significant reduction of both total body fat (TBF) (1 kg), BW (0.6kg) and an increase in the 

BMR after supplementation of healthy overweight women during the holiday seasons with 

3.2 g/d (c9,t11-CLA: t10,c12-CLA,50:50) for 6 month (Whigham, Watras, & Schoeller, 

2007). This might suggest that the effect of CLA on the BMR might need long 

supplementation duration to start affecting BW and TBF. 

 This variation in the human studies results could be explained by: (1) the difference in the 

supplemented dose, rang from 0.7gm to 6g/d, supplementation period (ranged from 4 

weeks to 24 months. In 2007, a meta-analysis concluded that the modest reduction in the 

TBF could be achieved upon supplementation with 3.2 g/day (Whigham et al., 2007). 

However, in 2009 a second meta-analysis showed an evidence that CLA intake caused LBM 

elevation, but without duration or dose dependant effects (Schoeller, Watras, & Whigham, 

2009); (2) The difference in the supplemented population’s characteristics could 

contribute to the inconsistency of human studies results, as the included participants differ 

in age, comorbidity, body weight and gender. For example, the prior studies seem to 

demonstrate statistical significance weight reduction in trials recruited obese subjects 

(Berven et al., 2000; Pfeuffer et al., 2011). Furthermore, a reduction of BMI and an increase 

of the LBM were reported in children aged between 6 and 9 years old (Racine et al., 2010). 

This could supports the role of the CLA during the growing stage to control weight gain, 

which was highlighted in Plourde et al. (2008). (3) The variation in the method and 

parameters used to assess the body composition and obesity, for example, some studies 

used dual-energy X-ray (DEXA) to assess body composition while other used bioelectric 

impedance techniques as well as skin folds (reviewed in Dilzer and Park (2012). Moreover, 

some studies monitored the adiposity and obesity using different parameters including 

BMI, TBF, LBM, waist circumference (WC), hip circumference (HC)  and waist-hip ratio 
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(WHR). Collectively, the effect of CLA on body composition and obesity yielded 

inconsistent results, so, it might be useful running a systematic review and meta-analysis 

with very narrow criteria to explore the real effect of CLA on body composition. Therefore, 

a meta-analysis was conducted in the second chapter which was gender specific (for 

women) and it searched only for the trial looked at the effect of CLA mixture (c9, t11-CLA: 

t10, c12-CLA; 50:50) supplementation in form of oral capsule supplementation for a 

duration less than 6 months. 

 The effect of CLA on insulin resistance 

Investigating the anti-obesity effect of CLA in RCT was usually associated with looking at 

its effect on insulin resistance (Colakoglu, Colakoglu, Taneli, Cetinoz, & Turkmen, 2006a; 

MacRedmond et al., 2010).  In essence, the previous approach makes sense because not 

only obesity induced insulin resistance (Ye, 2013), but also CLA acted as a ligand for 

PPAR-γ and its regulatory gene (Jaudszus, Krokowski, Möckel, et al., 2008; Viladomiu et 

al., 2015), which involved in blood sugar and insulin sensitivity  control and generally in  

diabetes pathophysiology (Bermudez et al., 2010). Therefore, both the anti-obesity and 

the effect of CLA on PPAR-γ, as per the previously discussed nuclear mechanism, give this 

approach a lot of sense. This approach was evident in an animal model (Houseknecht et 

al., 1998; Ryder et al., 2001), where feeding Zucker diabetic rat (a model for obesity and 

type 2 diabetes) 1.5% 50:50 CLA isomer for 14 days caused normalisation of blood sugar 

level and hyperinsulinemia in Zucker diabetic rat  (Houseknecht et al., 1998).  The 

previous action was similar to the effect of an insulin-sensitizing thiazolidinedione, 

PPAR-γ agonist  and anti-hyperglycaemia drug (Ryder et al., 2001), which might support  

the anti-diabetic mechanism for CLA. However, it seems to be selective for c9, t11-CLA 

where it was detected in c9, t110-CLA and not t10,c12-CLA (Ryder et al., 2001). 

 In human studies, the effect of CLA on insulin resistance was less consistent. For 

example, CLA mixture  supplementation has been found to cause 10% reduction in 

insulin sensitivity and 6.2% increase in the fasting glucose level in obese men when 3 g/d 

CLA mixture was supplemented for 8 weeks (Moloney, Yeow, Mullen, Nolan, & Roche, 

2004).  Similar results were demonstrated in several studies, when CLA was 

supplemented  either in form of t10, c12-CLA (Risérus, Arner, Brismar, & Vessby, 2002; 

Risérus, Vessby, Ärnlöv, & Basu, 2004) or c9, t11-CLA (Risérus, Vessby, et al., 2004) for 12 

weeks  compared to placebo, (Table 1.2). On the other sides, there was an improvement 

in insulin resistance when CLA mixture were supplemented to sedentary subjects for 8 
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weeks(Eyjolfson, SPRIET, & Dyck, 2004b). Notably the later study had the small sample 

size, short supplementation duration as well as slightly high CLA dose compared to the 

other studies, table 1.2. In 2016, a study by (Garibay-Nieto, Queipo-García, Alvarez, 

Bustos, Villanueva, Ramírez, León, Laresgoiti-Servitje, Duggirala, Macías, et al., 2016)  

showed a reduction in the level of insulin as well as insulin resistance  when 3 g/d CLA 

supplemented to obese children (8-18 year old) for 16 weeks in combination with 1g/d 

metformin (Garibay-Nieto, Queipo-García, Alvarez, Bustos, Villanueva, Ramírez, León, 

Laresgoiti-Servitje, Duggirala, Macías, et al., 2016). However, the control in the prior 

study was children received metformin only which means there was no control for each 

individual intervention. This might suggest that the effect of CLA in adult is varied 

compared to children, or perhaps the supplementation duration need to be increase as 

the positive effect of insulin resistance was achieved when CLA supplemented for 16 

weeks. 

 Recently, a meta-analysis of 7 RCTs that supplement CLA in form of mixtures failed to 

demonstrate a significant effect of CLA insulin resistance using homeostatic model 

assessment of insulin Resistance (HOMA-IR) (Calderon Moreno, Correa, Oberg, & 

Papatheodorou, 2019). However, using HOMA IR model as indication for insulin 

resistance has been found to be valid for subjects with mild diabetes and without 

significant hyper glycaemia, meanwhile it can’t be applied to subjects with β-cells 

dysfunctions or insulin dependent patients (Mari, Pacini, Murphy, Ludvik, & Nolan, 2001).  

Typically, the golden standard for assessing the insulin resistance is the hyperinsulinemic 

euglycemic clamp intravenous glucose tolerance test (Gutch, Kumar, Razi, Gupta, & 

Gupta, 2015) which gives more validity to the studies found the risk of potential risk of 

developing insulin resistance after CLA supplementation (Risérus, Arner, et al., 2002; 

Risérus, Vessby, et al., 2004). Ultimately, CLA might has an anti-obesity effect, but it seems 

to alter the glucose metabolism. 
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Table 1-2 the summary of the studies, which investigated the effect of CLA on insulin 
sensitivity in human studies.  

Author  Design and 
participants 

Dose Duration  Methods Findings  

(Moloney et 
al., 2004) 

RCT patients 
with T2DM 

3 g/d (50:50) 
CLA mixture 
(n=16) VS 
placebo (blend 
of palm oil and 
soya bean oil) 
(n=16) 

8 weeks  3h-75 oral glucose 
tolerance test  
QUICKI 

↑FBS 
↑HOMA-IR 
↓ISI 

(Risérus, 
Vessby, et al., 
2004) 

RCT -Obese 
men with 
metabolic 
syndrome  

3 g/d (50:50) 
CLA mixture 
(n=19) VS T10, 
c12-CLA (n=19) 
VS placebo 
(n=19) 

12 weeks  Euglycemic-
hyperinsulinemic 
clamp 

In t10, c12-
CLA group 
↑FBS 
↑IR 

(Risérus, 
Vessby, et al., 
2004) 

RCT 25 
abdominally 
obese men  

3 g/d c9, t11-
CLA (n=13) 
Vs olive oil  
(n= 12) 

3 months Hyperinsulinemic 
euglycemic clamp 

↓ISI 
↑Insulin  

(Risérus, 
Arner, et al., 
2002) 

men with 
metabolic 
syndrome 

3.4 g/d T10, 
c12-CLA (18) 
VD CLA (n=19) 
Vs Placebo 
(olive oil) 
(n=19) 

12 weeks   ↑ Pro-insulin  
↑ Insulin  
↑ C-peptide  

(Eyjolfson et 
al., 2004b) 

RCT sedentary 
human 

4 g/d (50:50) 
CLA mixture 
(n=10) VS 
placebo, 
safflower oil 
(n=6) 

8 weeks  Oral glucose 
tolerance 

↑ ISI 

(Garibay-
Nieto, 
Queipo-
García, 
Alvarez, 
Bustos, 
Villanueva, 
Ramírez, 
León, 
Laresgoiti-
Servitje, 
Duggirala, 
Macías, et al., 
2016) 

obesity aged 8 
to 18 years 

Metformin (1 
g/d) (n=14), 
CLA (50:50) 
Mixture (n=17) 
(3 g/d), or PLB 
(3 g/d) (n=17) 

16 weeks A 24-hours 
euglycemic-
hyperinsulinemic 
clamp 

↓QUICKI 
↓HOMA-IR 
↓Insulin 
µU/mL 

Fasting blood sugar level (FBS); Quantitative insulin sensitivity check index (QUICKI). Insulin 
sensitivity index (ISI) Oral glucose insulin sensitivity (OGIS) 
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 The effect of CLA on adipokines  

Leptin and adiponectin are cytokines produced by the adipose tissue, both seem to have 

two different roles in obesity-induced complications such as cardiovascular disease 

(Ghantous, Azrak et al. 2015), insulin resistance (Yadav, Kataria, Saini, & Yadav, 2013), type 

two diabetes mellitus (Reinehr et al., 2016), and pulmonary dysfunction (Assad & Sood, 

2012; Shin, Kim, Lee, & Shim, 2008). Therefore, studying the influence of CLA on obesity 

and lung functions is usually associated with studying the effect of CLA on these adipokines 

(Colakoglu et al., 2006a; MacRedmond et al., 2010). 

1.10.1 The effect of CLA on leptin  

Leptin plays an important role in the control of food intake and BW (Elmquist, Elias, & 

Saper, 1999; Yadav et al., 2013), this is because peripherally released leptin inhibits two 

orexigenic neuropeptide Y (NPY) and agouti-related protein (AgRP) in the arcuate nucleus 

of the hypothalamus leading to reduction of food intake (Baver et al., 2014; Takahashi & 

Cone, 2005) (Figure 1.6). Leptin is involved in lipolysis and increasing the fatty acid 

oxidation in white adipose tissue in vitro (William, Ceddia, & Curi, 2002). The lipolysis 

action of leptin was found to be mediated by the sympathetic nervous system signalling 

(Zeng et al., 2015). Leptin levels are decreased by weight loss, and obesity is commonly 

associated with high levels of leptin in plasma (Considine et al., 1996). This increase can be 

explained by the possibility that overeating  might cause a reduction in the leptin receptor 

synthesis which leads to high levels of circulating leptin, which is known as leptin resistance 

(Martin, Qasim, & Reilly, 2008). 

 One of the suggested CLA mechanisms of weight reduction in animals includes increasing 

the leptin level which leads to reduce the energy intake (Kennedy et al., 2010). A study 

found that injection of 150 nmol CLA mixture (c9, t11-CLA: t10, c12-CLA, 50:50) in the 

hypothalamus of experimental rats for 14 days prevented the expression of NPY and AgRP 

at day 8 compared to the control (LA or normal saline) (Cao et al., 2007). The same study 

reported a 2.94 ng/ml increase in leptin level at day 6 in CLA group compared to 1.18 ng/ml 

in LA group (Cao et al., 2007; Kennedy et al., 2010). However, the reduction in the food 

intake in the CLA group was not significant compared to LA or normal saline groups. In 

contrast to the previous study, the serum level of leptin in CLA fed rats (4% dietary fats) 

rats were 44.9% of its value in the control  (Yamasaki, Ikeda, et al., 2003). The percentage 

of reduction in the serum level of leptin in the same study was less when the two groups 

of rats had received dietary fats enriched with7% and 10%, which might suggest that the 



 
 

19 
 

CLA effect on leptin level is dose-dependent, because 4% of dietary fats was not enough 

to increase the leptin level. The variation between the two previous studies’ results might 

be due to the variation of methods of CLA administration. Indeed, according to Cao et al. 

(2007) CLA was injected directly in the hypothalamus, meanwhile in Yamasaki, Ikeda, et al. 

(2003), CLA was administrated orally. Furthermore, the obesity level of the rats in both 

studies was unknown. This might suggest that CLA can increase the level of leptin by 

inhibiting the orexigenic signals in the hypothalamus (Figure1.5). However, further studies 

needed to confirm these assumptions. In addition, the ideal investigation of CLA effect on 

leptin level needs to be done in the absence and presence of leptin resistance.  

 

Figure 1-5. The potential mechanism of how CLA can influence energy intake. Modified 

from (Badman & Flier, 2005; Cao et al., 2007). If conjugated linoleic acid (CLA) is able to 

increase the level of leptin that means CLA might be able to reduce weight by promoting 

satiety via inhabiting oxygenic neuropeptides, such as Agouti-related protein (AgRP) and 

neuropeptide Y (NPY), and subsequent activation of pro-opiomelanocortin (POMC) in the 

arcuate nucleus in the hypothalamus. POMC is a precursor of α-melanocyte stimulating 

hormone (α-MSH) which bind with melanocortin receptor 3 and 4 (MC3/4R) causing 

appetite suppression and satiety (Badman & Flier, 2005). Stimulation ( ), inhibition 

( ). 
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Two recent meta-analyses (Haghighatdoost & Hariri, 2018; Mohammadi-Sartang, Sohrabi, 

Esmaeilinezhad, & Jalilpiran, 2018) found conflicting results about CLA effects on leptin. 

This could be explained by the significant heterogeneity among the reviewed studies in 

these meta-analyses.  For examples, in the later meta-analysis there was a significant 

heterogeneity among the 19 included trials  (I2=53.24%, p=0.001), and it was not gender 

or BMI specific (Mohammadi-Sartang et al., 2018). The second meta-analysis included 11 

trials, and it found that CLA supplementation for less than 8 weeks caused a significant 

reduction in leptin level in men (-0.86ng/ml); P<0.0001) and overweight subjects (-1.37 ng 

/ml); P=0.022) (Haghighatdoost & Hariri, 2018). Therefore, more gender and BMI specific 

trial could clarify the real effect of CLA on leptin level in presence and absence of leptin 

resistance. 

 Similar to obesity, the reducing effect of CLA on circulating leptin might be appreciated in 

subjects with asthma or pulmonary disorders, as leptin is considered as a pro-

inflammatory cytokine, and it is associated with increasing the T-helper1 cytokines and 

reducing T-helper 2 cytokines(Th2) (Assad & Sood, 2012; Shin et al., 2008). All the previous 

markers are key players in the pathophysiology of  asthma and several pulmonary 

disorders (Assad & Sood, 2012). Therefore, in case CLA is able to reduce the leptin level 

this could be beneficial for subjects with the pulmonary disorder. 

1.10.2 The effect of CLA on adiponectin  

 Unlike leptin, adiponectin is mainly anti-inflammatory where it reduces the level of TNF-

α, IL-6 (Ajuwon & Spurlock, 2005; Masaki et al., 2004) and increases the production of IL-

10 and IL-1β receptor (Wolf, Wolf, Rumpold, Enrich, & Tilg, 2004). High level of adiponectin 

in the circulation was associated with preventing airway hyper-responsiveness to an 

allergen (Shore, Terry, Flynt, Xu, & Hug, 2006). A meta-analysis included 7 trials 

supplemented CLA from 8-24 week demonstrated that CLA did not have a significant effect 

on the circulating level of adiponectin (von Frankenberg et al., 2014). However, this meta-

analysis did not conduct any subgroup analysis based on gender or BMI. The same meta-

analysis found that CLA supplementation caused a significant reduction -0·74 mg/ml in the 

adiponectin in CLA group compared to saturated fatty acids placebo (olive oil, safflower 

oil) after excluding one trial used saturated fatty acid (coconut oil) as a placebo (von 

Frankenberg et al., 2014). This, in turn, suggested that the type of the used placebo in CLA 

trials might influence the results, plus the heterogeneity of the included studies in the 

previous meta-analysis was significantly high I 2 97·3%, P<0.001 (von Frankenberg et al., 

2014). 
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 These potential effects of both leptin and adiponectin on obesity and airway made 

MacRedmond and Dorscheid (2011) proposed CLA as a supplement that might improve 

asthma control in an obese subject. Despite, their trial (MacRedmond et al., 2010) did not 

find a significant difference in the circulating level of leptin or adiponectin after CLA 

supplementation in overweight subjects, a significant lower leptin /adiponectin ratio in 

CLA group compared to placebo was observed. The latter effect was found to be an 

indication of improving metabolic disorder (Gupta, Mishra, Mishra, Kumar, & Gupta, 

2018), but from the respiratory disease approach, increasing  leptin /adiponectin  was 

associated with decline of lung function in patients with COPD (Suzuki et al., 2014). 

 Ultimately, the inconclusive results about the effect of CLA supplementation on leptin and 

adiponectin needs more gender and BMI specific trials to assess their potential effect on 

obesity and lung functions. In addition, investigating these effects should be done while 

having more than one method to assess food intakes and satiety. 

 The effect of CLA on lung functions  

Obesity has been found to negatively influences lung functions and airway hyper-

responsiveness (Mafort, Rufino, Costa, & Lopes, 2016; Scott et al., 2013) via different 

mechanisms (Figure1.6). (1) The large chest and abdominal mass in obese subjects caused 

reduction in the functional residual capacity (FRC) (the volume of the air present in the 

lung after passive expiration), and tidal volume (TV) (which is the lung volume representing 

the normal volume of air displaced between normal inhalation and exhalation when extra 

effort is not applied.) (Shore et al., 2006).(2) Obesity has been found to affect the 

adipocytes derived hormone, including leptin and adiponectin which has been found to 

affect inflammation and airway hyper-responsiveness, respectively (Shore & Fredberg, 

2005). The expression of adiponectin decreases with obesity and increases after losing 

weight (Shore & Fredberg, 2005). Similar to obese subjects, serum adiponectin level was 

lower in subjects with asthma than in normal people, and this reduction actuates airway 

inflammation and airway hyper-responsiveness in mice (Shore et al., 2006). (3) Obesity 

causes systematic changes and puts the body in a low grades inflammatory status 

(Marseglia et al., 2015). Adipose tissue in obese subjects stimulates the release of pro-

inflammatory cytokines such as TNF-α, IL-1β and IL-6 which subsequently stimulate the 

immune system and induce oxidative stress both of which are associated with several 

respiratory complications  (Ferrari & Andrade, 2015; Mafort et al., 2016). 
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Figure 1-6. How obesity could affect airway hyperresponsiveness 

 

Regarding CLA and lung functions studies, currently, there is no epidemiological study 

investigated the direct association between lung functions or asthma and CLA. CLA is 

polyunsaturated fatty acid that could positively affect respiratory disorders 

pathophysiology for several reasons: 

 (1) The low risk of asthma symptoms which was found to be associated with high 

consumption of high fat dairy product in children, source of CLA (Wijga et al., 2003). Similar 

results observed in the young adults, where the whole fat milk (source of CLA) 

demonstrated a protective effect against asthma. Interestingly, although, CLA considered 

as a member of omega6 family,  the soy beverage which is a source of omega 6, has been 

shown to increase the risk of current asthma (Wood, Gibson, & Garg, 2003). Therefore, 

looking at the direct association between the level of CLA plasma and lung function could 

be a step to solve this debate about if CLA could improve asthma and pulmonary functions 

or not.  

 (2) CLA has been found to decrease airway hyper-responsiveness by reducing the release 

of eicosanoids by two mechanisms: (A) Activation of PPAR-γ in human airway smooth 

muscles, which involves in down transcriptional regulation of cytokines, chemokines and 

cell survival factors (Daynes & Jones, 2002; Patel, Belvisi, Bishop-Bailey, Yacoub, & 

Mitchell, 2003). (B) Inhibiting and competing with AA for the same enzymes COX-2 and 

lipoxygenase which is the rate-limiting step in eicosanoid production (Prostaglandin, 

thromboxane, and leukotrienes), this in turn could lead to reduce the inflammation and 
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bronchoconstriction caused by IL-4 (previously discussed in the endoplasmic 

mechanism)(Yang et al., 2015).  

 (3) CLA demonstrated a reduction of viral infection and viral-induced inflammation (Albers 

et al., 2003), which in turn could affect asthma, because viral infection has been found to 

be responsible for 30% of asthma in adult (Nicholson, Kent, & Ireland, 1993). However, the 

actual antiviral mechanism for CLA is still unknown. 

 (4) CLA might affect obesity, body composition and obesity-related inflammation through 

affecting adiposity hormone (leptin and adiponectin) (Benjamin et al., 2015; Dilzer & Park, 

2012). Thus, targeting the obesity and body composition by CLA could improve FRC and TV 

and decrease the production leptin and leptin related systematic inflammation (Shore et 

al., 2006). 

(5) C9, t11-CLA considered as an anti-inflammatory, where the anti-inflammatory effects 

were mainly due to activation of PPAR-γ in the nucleus. C9, t11-CLA isomer has been found 

to share the same effect of thiazolidinedione on PPAR-γ, as previously mentioned  

thiazolidinedione considered as a synthetic PPAR-γ ligand (Jaudszus, Krokowski, Möckel, 

et al., 2008; Viladomiu et al., 2015). Thiazolidinediones are originally compounds used to 

treat type 2 diabetes (Mamtani et al., 2012),  as well as they improved the airway 

inflammatory markers in cell cultures and animal models with asthma (Lee et al., 2006). 

 Similarly, the effect of CLA on PPAR-γ could suggest a promising positive effect on airway 

inflammation in subjects with a respiratory disorder. This is could be supported by the 

study that showed a reduction of eosinophil cation protein (ECP) (highly cytotoxic protein 

and the main cause of epithelial damage) in the pre-treated cell culture stimulated 

eosinophil which is previously treated with c9, t11-CLA compared to t10, c12-CLA 

(Jaudszus, Foerster, Kroegel, Wolf, & Jahreis, 2005; Jaudszus, Krokowski, Möckel, et al., 

2008). The same studies reported a reduction of cytokines, IgE and IgA in the murine model 

of asthma (Jaudszus et al., 2005; Jaudszus, Krokowski, Möckel, et al., 2008). Therefore, 

there is a need to test the effect of CLA on the airway related inflammatory markers and 

lung functions in humans. 
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 The anti-inflammatory and immune modulator effect of CLA 

For any drug to work on inflammations, it has to follow any of the following strategies (1) 

Reducing the synthesis of eicosanoids. (2) Inhibiting the release of pro-inflammatory 

modulators and stimulating the release of anti-inflammatory mediators. (3) Targeting the 

glucocorticoid receptors (Viladomiu et al., 2015), and c9, t11-CLA isomer affects 

inflammation via the first and the second approaches. CLA in several animal modules 

caused: a reduction in the release of inflammatory mediators (Jaudszus et al., 2005); a 

resistance to the complication of several immune challenges (Changhua et al., 2005), and 

a modification in the release of cytokines, prostaglandin and leukotrienes (Changhua et 

al., 2005; Hernández-Díaz, Alexander-Aguilera, Arzaba-Villalba, Soto-Rodríguez, & García, 

2010). C9, t11-CLA has been shown to promote anti-inflammatory in dendritic cells (Draper 

et al., 2014) and in human bronchial epithelial cells (Huang et al., 2016), meanwhile t10, 

c12-CLA, not c9, t11-CLA, suppresses the arachidonic acid markers in astrocytes cells (Saba 

et al., 2017) via activation of PPAR-γ which subsequently causes reductions in the release 

of TNF- α and IL-β. Similarly, t10, c12-CLA promoted anti-inflammatory by increasing the 

expression of PPAR-γ in bovine mammary epithelial cells (Dipasquale et al., 2018). Unlike 

astrocytes and bovine mammary epithelial cells, t10, c12-CLA in the adipose tissue, seems 

to inhibit the up-regulation of PPAR-γ and it is targeted genes leading to stimulation of NF-

Kβ and subsequent release of pro-inflammatory markers (Yeganeh, Taylor, Tworek, Poole, 

& Zahradka, 2016). T10, c12-CLA caused inhibition of late proliferation of pre-adipocytes 

to adipocytes and subsequent inhibition of lipid droplet accumulation in 3T3-L1 

preadipocytes (Yeganeh et al., 2016). This demonstrated that different isomers had 

different actions on different cells types. Ultimately, these findings showed that CLA effect 

on inflammation should be interpreted carefully and it should be both isomer and tissue-

specific. 

1.12.1 The effect of CLA on immune response 

Both CLA isomers (c9, t11-CLA and t10, c12-CLA) has been shown to reduce the innate 

immunity (nonspecific immunity) by decreasing the activity of monocytes, dendritic cells, 

macrophage and natural killer cells, as well as, they modulates the production of 

prostaglandin and leukotrienes (Draper et al., 2014; O'shea, Bassaganya-Riera, & Mohede, 

2004; Viladomiu et al., 2015). In addition, c9, t11-CLA and t10, c 12-CLA isomers have been 

found to improve antigen-specific adaptive immune response which might be confirmed 

by anti-viral and anti-bacterial effect demonstrated by CLA (Viladomiu et al., 2015). 
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 IgE is an antibody that has a key role in the immune response to food allergen and airway 

stimulation, where IgE causes the release of histamine and leukotrienes from mast cells 

and leukocytes, respectively (Galli & Tsai, 2012). CLA was found to improve humoral 

response by enhancing the production of anti-allergen factors IgM, IgG, IgA in the spleen 

and mesenteric lymph nodes and reduce the release of IgE in rats (Yamasaki, Chujo, et al., 

2003). C9, t11-CLA declined the level of IL-2, IgE and prostaglandin2 expression in the rat 

which have an important role in the airway and allergic responses (Sugano, Tsujita, 

Yamasaki, Noguchi, & Yamada, 1998; Yamasaki, Chujo, et al., 2003). However, that was 

achieved after feeding the rats a very high dose of CLA, 30 and 60 mg/100 g body weight 

that will be equivalent to 18 and 36 g/60 kg body weight/day(Sugano et al., 1998). In a 

human study the previous effect of CLA on IgM, IgA was claimed to be attributed to c9,t11-

CLA isomer and it was associated with non-significant reduction in IgE (25.9 kU/l) and a 

significant reduction of IgA after supplementing 20 subjects with pollen allergy with 2.3 

g/day of c9, t11-CLA for 12 weeks (Turpeinen, Ylönen, von Willebrand, Basu, & Aro, 2008). 

Another human study demonstrated a reduction in IgE but with an increase in the IgA and 

IgM after supplementation with CLA mixture (c9,t11-CLA:t10, c12-CLA, 50%:50%) of 

healthy subjects for 12 weeks (Song et al., 2005). Ultimately, while c9, t11-CLA seems to 

be the key immunomodulatory isomer, attention should be paid to the discrepancy in 

human trials due to the variation in the structure of the administrated supplemnet, as well 

as the participants’ characteristics. However, studying the effect of CLA needs further 

studies that involved more disease-specific inflammatory markers and cytokines. 

1.12.2 The effect of CLA on cytokines formation  

The effect of CLA on cytokines release could clearly be noticed in several cell cultures, 

where CLA has shown to diminish pro-inflammatory cytokines production such as IL-6, 

TNFα, and IL-1β (Huang et al., 2016; Yang & Cook, 2003a). 

 Initially, anti-inflammatory activity was mainly attributed to c9, t11-CLA, because c9, t11-

CLA seemed to activate and cause up regulation of PPAR-γ and reduction of NF-Kβ, which 

is responsible for releasing of pro-inflammatory cytokines (Jaudszus, Krokowski, Möckel, 

et al., 2008; Moloney et al., 2007), meanwhile, the metabolic-related effects of CLA were 

attributed to t10, c12-CLA (MacRedmond & Dorscheid, 2011). However, t10, c12-CLA has 

been found to decrease NF-Kβ activation and TNF-α RNA expression in ex vivo endotoxin-

stimulated porcine peripheral blood mononuclear cells (PBMCs), in bovine epithelial cells, 

and astrocytes (Dipasquale et al., 2018; Kim et al., 2011; Saba et al., 2017). Interestingly, 

the opposite pro-inflammatory effect has been demonstrated by t10, c12-CLA in the non-
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stimulated cells which were explained by the inhibition of PPAR-γ and up-regulation of NF-

Kβ (Kim et al., 2011). This conflicting results regarding the effect of t10, c12-CLA suggests 

that t10, c12-CLA signalling pathway might be related to the presence of specific cytokines 

inside the cells (Viladomiu et al., 2015). 

 The reduction in ECP which was reported when a cell culture model of eosinophilic 

inflammation was exposed to c9, t11-CLA (Jaudszus, Foerster, Kroegel, Wolf, & Jahreis, 

2005). This might be an additional support to the anti-inflammatory hypothesis of c9, t11-

CLA in respiratory disorders. Considering the Th2 lymphocytes as the main orchestrator of 

air inflammation in asthmatic subjects, Yang et al., 2003 demonstrated an in vitro 

reduction of IL-4 in splenocytes after supplementation of mice with c9, t11-CLA or t10, 

c12-CLA.  Unlike the previous cell culture models, no reduction was found in IL-4 after 

supplementation of healthy humans with CLA, although there was a reduction in both 

TNFα and IL-5 (Yang & Cook, 2003b).  

 The effect of CLA on inflammation and immunity has been studied in a depletion repletion 

challenge in a healthy young human which tend to increase the magnitude of physiological 

response to the nutrient of interest (c9, t11-CLA) (Penedo et al., 2013). In a depletion-

repletion study (low fat 5.2 mg/day CLA for 8 weeks followed by 1020mg/day C9, t11-CLA 

enriched butter) demonstrated a reduction in IL-2 and IL-8 and increase in IL-10 in the 

serum of young healthy subjects (Penedo et al., 2013), which suggested an anti-

inflammatory effect of c9, t11-CLA. 

 Although, there are large numbers of in vitro, ex vivo and human studies that conducted 

to explore the effect of CLA on inflammation (Jaudszus et al., 2005; Kim et al., 2011; 

Penedo et al., 2013; Song et al., 2005; Turpeinen et al., 2008), the actual effect is not really 

clear due to the large variations in the used cell cultures types, animal modules and human 

subjects, as well as the investigated cytokines. This, in turn, creates a need for a new 

approach to study the effect of CLA on inflammation, and using new markers to know more 

about this effect. One of this approach could be exploring the influence of CLA on the 

expression of adhesion molecules, such CD11b and CD62L in pro-inflammatory monocyte 

(CD14++ CD16+), because it is population that responsible for cytokines release (Rogacev et 

al., 2012). Additionally, looking at stress-related markers such as heat shock proteins, heat 

shock 70 kDa protein 1A (HSPA1A), and heat shock 27 KDa protein-associated protein 1 

(HSPB1), could be interesting biomarker and a second novel approach to explore the effect 

and the mechanism by which CLA influence inflammation. 
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1.12.3 The effect of CLA on adhesion molecules  

The normal inflammatory responses started by the random migration of monocytes which 

normally migrate via the bloodstream to the site of inflammation, where they differentiate 

to a macrophage (Lundahl, Hallden, Hallgren, Sköld, & Hed, 1995). The migration started 

by the attachment of the monocytes to the endothelium which is called rolling, and it is 

promoted by CD62L (Lundahl et al., 1995). Different ex vivo stimulation such as 

lipopolysaccharides (LPS) caused a reduction in the expression of CD62L and subsequent 

firm adhesion of the monocytes to the endothelial walls, this process is mediated by 

another adhesion molecules, CD11b, that belongs to the integrin family (Lundahl et al., 

1995). 

 CD11b is a member of the integrin family, and it is a key regulator for the migration of 

monocytes into the site of inflammation to form a macrophage. Recently, it was found 

that the absence of CD11b increased the in situ proliferation of the accumulated 

macrophage in the adipose tissue, leading to stimulate obesity-induced insulin resistance 

(Zheng et al., 2015). Increasing the expression of CD11b was associated with 

arteriosclerotic plaque development in monocytes THp1 cell lines (Sotiriou et al., 2006). 

This is because CD11b is responsible for the migration of the monocytes across the 

endothelial cells into the atherosclerotic vessels (De Martinis, Modesti, & Ginaldi, 2004). 

Looking at the effect of CLA on the expression of CD11b and CD62L-selectin on the pro-

inflammatory monocytes (CD14++CD16+) could be a new approach to explore the effect of 

CLA on the complications that resulted from obesity-induced chronic inflammation. One 

reason for that is the fact that these markers were associated with increasing 

cardiovascular event and mortality as well as increasing CD14++CD16+ was associated with 

obesity (Stansfield & Ingram, 2015). Furthermore, these markers were used previously as 

an indicator of obesity-induced chronic inflammations after bariatric surgery (Cottam, 

Schaefer, Shaftan, Velcu, & Angus, 2002). Therefore, looking at the effect of CLA on CD11b 

and CD62L expression on the pro-inflammatory monocytes (CD14++, CD16+) could be a 

useful indicator for improving chronic inflammation caused by obesity and obesity-

induced complications. 

1.12.4 CLA and Heat shock proteins  

Heat shock protein (HSP) is one of the endogenous molecules stimulate the toll-like 

receptor on the monocytes leading to up regulation of pro-inflammatory NF- Kβ pathway 

(Asea et al., 2000). NF-Kβ is a transcription factor which is responsible for the regulation 

of multiple genes related to immune response, cell differentiation and proliferation 
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(Perkins & Gilmore, 2006). HSPA1A is a member of HSPs that protect the cells against the 

external stress and preserve cell viability by preventing intracellular protein aggregation 

(misfolding), and allowing the folding of the newly translated protein (Georgopoulos & 

Welch, 1993). Intracellular HSPA1A, but not extracellular HSPA1A has been found to have 

an anti-inflammatory effect by reducing NF- Kβ (Rodrigues-Krause et al., 2012). HSPB1 is 

another member of HSPs that forms a large oligomeric complex, which forms a network 

of ATP dependent chaperon, which traps the miss folding protein and keeps them in the 

soluble form (Arrigo et al., 2005). This took place in conjugation with other HSPs members 

such as HSPA1A. Both HSPs have been found to be associated with weight reduction 

(Roumans et al., 2016) and severity of respiratory diseases (Aron et al., 1999; Hacker et al., 

2009; Merendino et al., 2002; Zimmermann et al., 2012). This made HSPA1A, HSPB1 are 

potential novel and common markers for obesity, lung disease, and inflammation; in this 

thesis the focus will be on intracellular HSPA1A and HSPB1 unless stating otherwise.  
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 Conclusion 

CLA is a natural poly-unsaturated fatty acid that are present in fats, meat and dairy 

products of ruminants. The level of CLA intakes has varied widely among the population, 

and the highest intakes were reported in Australia while the CLA intake of the British is 

considered one of the lowest intakes in Europe. Moreover, the CLA content of food 

influenced by several factors such as seasonal factors, lactation stage and type forage that 

the animal fed. 

 CLA has two mains biologically active isomers c9, t11-CLA and t10, c12-CLA. The biological 

activity of CLA includes anti-cancer, anti-diabetic, anti-inflammatory, immunomodulatory 

and anti-obesity were extensively studied in, cell culture, animal studies, and in a human 

trial. However, the results in the human trial were less conclusive. 

 Obesity is considered as a chronic inflammatory status as it caused the release of pro-

inflammatory markers, and it has been shown that obesity negatively influenced lung 

function. One of the proposed beneficial effects of CLA is its effect on obesity 

inflammation, and immunity, which might suggest a potentially positive effect of CLA on 

obesity-induced inflammation and respiratory disorders. 

 Despite the large numbers of trials studying the influence of CLA on the body composition 

and inflammation, these trials had a large variation among them. For example, this 

variation includes the participants’ gender, obesity level and age. Additionally, the dose 

and supplementation forms of CLA were different, as well as the supplementation 

duration was not the same. Perhaps a gender-specific meta-analysis could help to confirm 

the anti-obesity effect of CLA. Obesity affects both lung functions and inflammations, 

which might suggest a promising effect of CLA on both lung functions and obesity 

mediated inflammations. 

Additionally, there is no known trial looked at the association between the circulating level 

of CLA and obesity markers or CLA level and lung functions. Although this type of study 

design does not promote causality, it helps to prove or disprove assumption and helps to 

create a new hypothesis. This seems to be important especially when considering that the 

number of the CLA trials, which looked at the effect of CLA on lung functions are currently 

very limited with loads of variation in the methodology and supplemented populations. 

This, in turn, creates a need to study the influence of CLA on lung functions and 

inflammation in obese and overweight subjects before applying it to the asthma patients. 

Additional, studying the influence of CLA on inflammation need to have a new approach 
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rather than investigating the effect of CLA supplementation on the released cytokine in 

plasma or from PBMCs before and after stimulation. 

This thesis tried to answer the following questions: 

• Is there any evidence from literature that supported the anti-obesity 

effect of CLA on obesity markers?  

• Is there an association between the circulating level of CLA and, 

obesity, lung functions, adipokines and inflammation?  

• Could CLA supplementation reduce obesity-related markers such as 

BW, BMI and %BF in obese and overweight women?  

• Does CLA supplementation cause direct or indirect change in the lung 

functions in overweight and obese women? 

• Does CLA supplementation modulate leptin and adiponectin in obese 

and overweight women? 

• Does increasing CLA intake could improve obesity-induced chronic 

inflammation? 
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2 Chapter 2 

2.1 Introduction  

The effect of CLA on body weight reduction and body composition in animals was highly 

significant (Park et al., 1997; West et al., 1998). However, it had yielded mixed results in 

human trials , reviewed in several reviews (Benjamin et al., 2015; Dilzer & Park, 2012; 

Whigham et al., 2007; Yang et al., 2015). For example, supplementation with 4.2 g/day CLA 

mixture (c9,t11-CLA: t10,c12-CLA,50:50) for 4 weeks resulted in 0.57cm reduction in 

sagittal abdominal diameter (P=0.04, 95% CI; -1.12, -0.02) in obese and overweight 

subjects with metabolic syndrome (Riserus et al., 2001). Similarly, CLA was found to have 

a positive influence on the obesity markers in overweight and obese subjects (Steck et al., 

2007). On the other side, other trials showed a non-significant effect of CLA on body weight 

or body fat (Benito et al., 2001; Lambert et al., 2007; Petridou et al., 2003; Zambell et al., 

2000). This inconsistency in the clinical trials’ results created a need for conducting a 

systematic review to investigate the true effect of CLA on obesity markers and body 

composition. 

 In 2009, a meta-analysis of 18 studies concluded that supplementation with CLA increased 

the fat-free mass (0.3± 0.7 kg; p< 0.05) regardless the dose and duration of the 

supplementation, and it did not find that CLA affects body weight (Schoeller et al., 2009). 

Others meta-analysis have been found that CLA has a modest effect on BW, BMI and TBF 

(Onakpoya, Posadzki, Watson, Davies, & Ernst, 2012; Whigham et al., 2007). The unclear 

effects of CLA on body composition in the previously done trials and meta-analyses might 

be due to the difference in: 

(1) The characteristic of the supplemented population particularly with regard to 

age, gender and initial body mass index of the participants. 

(2) The supplementation method enriched food versus CLA oral capsules. 

(3) The composition of the supplement, individual isomer or CLA mixture (50:50, 

c9, t11-CLA: t10, c12-CLA). 

Therefore, limiting these variations could help to get clear evidence about the influence of 

CLA on obesity and body composition. 

 The previously published meta-analyses that explored the CLA effect on body composition 

were not gender specific (Onakpoya et al., 2012; Schoeller et al., 2009; Whigham et al., 
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2007). Therefore, this meta-analysis attempted to investigate if short term (6 months or 

less) oral supplementation with CLA mixture (50:50, c9, t11-CLA: t10, c12-CLA) in women 

will affect body composition expressed by BW, BMI, TBF, %BF and LBM. This meta-analysis 

included women due to the current high prevalence of obesity in women compared to 

men (NHS, 2018). Furthermore, obesity influenced fertility an increased the risk of gender-

specific cancers (Ryan & Braverman-Panza, 2014; Zhang et al., 2016). The supplementation 

duration was short as the majority of the previously done studies supplemented CLA for 

this duration (Benjamin et al., 2015; Dilzer & Park, 2012). Also, supplementation for 6 

months or less might be realistic for a satisfactory compliance.  

2.2 Methods 

2.2.1 Searching strategy  

The search for the eligible randomised control trials (RCTs) conducted from inception up 

to 24 August 2017 using the electronic database, Pub Med, Cochrane Library and Google 

Scholar, based on two main strategies. The first strategy (A) was searching for the RCTs, 

which met the inclusion criteria in PubMed and Cochrane library using the following search 

terms: 

PubMed searching key words are “(((conjugated linoleic acid[Title/Abstract]) AND 

CLA[Title/Abstract]) OR CLA[Title/Abstract]) AND Women[Title/Abstract] then Clinical 

trials in human”. 

Cochrane database searching terms were “'conjugated linoleic acid in Title, Abstract, 

Keywords and Women in Title, Abstract, Keywords and CLA in Title, Abstract, and 

Keywords in Trials'”. 

 Google scholar searching words were “allintitle: conjugated linoleic acid AND women”.  

The second strategy (B) was searching for previously done meta-analyses that looked at 

the effect of CLA on body composition. Then, the RCTs from these meta-analyses that 

matched the inclusion criteria were extracted. The following keywords used in this 

searching procedure: 

PubMed: “(conjugated linoleic acid) AND (Meta-Analysis [ptyp] AND Humans [Mesh])”. 

Google Scholar: “allintitle: conjugated linoleic acid AND Meta-Analysis”. 

Cochrane library “'conjugated linoleic acid in Title, Abstract, Keywords or "CLA" in Title, 

Abstract, Keywords and Meta-analysis in Other Reviews'”.  
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2.2.2 Inclusion criteria  

Only randomised, control trials that had women participants were included in this 

systematic review. The included RCTs had to report the changes in BW, BMI, TBF, %BF and 

LBM as primary or secondary outcomes after 6 months or less of oral capsule 

supplementation of CLA mixture, (50:50 c9 t11-CLA: t10 c12-CLA) either in free fatty acid 

or triglyceride form. Additionally, women’s data from the RCTs that included both gender 

considered when body composition data were analysed in each gender separately. All the 

data in the included RCTs was expressed in mean and standard deviation (SD) or standard 

error (SE). 

2.2.3 Exclusion criteria  

This meta-analysis excluded the following trials: RCTs that included pregnant, lactating 

women, or women with breast cancer. RCTs included males and females participants and 

data was not analysed based on gender subgroups. Also, RCTs that supplemented CLA in 

form of enriched food, and the. RCTs that tested the effect of c9, t11-CLA or t10, c12-CLA 

isomer individually. Finally, RCTs that tested CLA in combination with other supplements. 

Trials in languages other than English were excluded, unless the body composition results 

tables were presented in English. 

2.2.4 Assessing the risk of bias 

The reporting bias was assessed for each included trial using two methods, 5 points Jadad 

score (Jadad et al., 1996; Jüni, Witschi, Bloch, & Egger, 1999). Jadad scores ranges from 0 

to 5, lowest to the highest quality, respectively, and each study has to get a score based 

on its quality. The second method was the adapted CONSORT checklist which was 

previously used by Onakpoya, Posadzki, Watson, Davies, and Ernst (2011). 

2.2.5 Statistical analysis  

All outcomes are continuous variables. The data was extracted in form of mean ± SD or ± 

SE. The mean differences in BW, BMI, TBF, %BF and LBM were used to detect the 

difference between the CLA group and placebo. Pooled meta-analyses were conducted 

using Open Meta-analysis free software on the studies that recorded the same outcomes. 

Mean differences and 95% CI was calculated using random effect model of DerSimonian 

& Laird for more conservative effect size calculations. Heterogeneity among the included 

studies assessed by Cochrane’s Q test at a significant level 0.05, where the magnitude of 

heterogeneity was assessed by I². The heterogeneity was expressed by I² value, where 25, 
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50 or 75% indicates low, medium and high statistical heterogeneity, respectively (Huedo-

Medina, Sánchez-Meca, Marín-Martínez, & Botella, 2006). Subgroup meta-analysis, as well 

as meta-regression, were completed using Open Meta-analysis software. Publication bias 

was assessed for BW, BMI, TBF, %BF and LBM using Egger’s test (Egger, Smith, Schneider, 

& Minder, 1997). 

2.3 Results 

2.3.1 Electronic search results 

The initial search identified 253 trials, then after excluding the duplicates, titles and 

abstracts of 111 screened. Following that, 11 trials were eligible for full-text review, and 

three trials were excluded; one trial because of unclear CLA dose and the other two trials 

because the obesity markers was not expressed in form of means ±SDs (Figure 2 1). The 

electronic search retrieved eight eligible randomised control trials with 330 participants, 

and their characteristics are reported in table 2.1 and the quality of reporting was 

summarised in table 2.1 and table 2.2. The mean dose of CLA in the included studies was 

3.4 g/day, ranged from 2.1 to 6.4 g/day in free fatty acid or triglycerides form, and the 

mean supplementation duration was 80.5 days (12 weeks), ranged from 6-16 weeks. Five 

RCTs involved lifestyle intervention with the CLA, and in the current meta-analysis, they 

were hypothetically named as trials with lifestyle change group (Kim, Kim, Ha, & Kim, 2008; 

Lambert et al., 2007; Ribeiro et al., 2016; Son et al., 2009; Zambell et al., 2000) Also, there 

are 2 RCTs recruited postmenopausal women (Norris et al., 2009; Raff et al., 2009). 

Four RCTs were reported in form of A and B (Kim et al., 2008; Norris et al., 2009; Petridou 

et al., 2003; Son et al., 2009), where two of them had a cross-over study design (Norris et 

al., 2009; Petridou et al., 2003). This method of analysis and grouping was done in a recent 

meta-analysis (Mohammadi-Sartang et al., 2018). Kim et al (2008) supplemented CLA in 

form of triglycerides in one group and free fatty acid in the other group. Son et al (2009) 

branch (A) included CLA supplementation without exercise intervention while branch (B) 

involved CLA supplementation with an exercise program. 

 Four trials were done on normal overweight subjects (Lambert et al., 2007; Petridou et 

al., 2003; Son et al., 2009; Zambell et al., 2000) while, four trials have been recruited 

overweight- obese females (Kim et al., 2008; Norris et al., 2009; Raff et al., 2009; Ribeiro 

et al., 2016). 
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Figure 2-1. The search strategy for the systematic review. BC; body composition; RCT, randomised control trial; CLA, conjugated linoleic acid 
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Table 2-1. Data extraction from the studies that included in the meta-analysis 

Study 

(Country) 

Age BMI N Dose 

g/day 

Duration 

(day) 

Placebo 

g/day 

B.C 
assessing 
method 

BW 

kg 

BMI 

kg/m2 

TBF 

Kg 

BF% LBM 

kg 

Notes Jaded 
score 

 

Zambell et 
al., (2000) 

USA 

20-
41 

from 
19.8-
29.4 

17 1.9 30d 
baseline 

64 CLA  

sunflower 
oil 

TOBEC 

 and  

DEXA 

↓0.7  ↓0.2 ↓0.7 ↑0.1 30 days 
baseline and 
64 d 
intervention 

4 

Petridou et 
al., (2003) 

Greece 

22.3 <30 16 2.1 45 CLA 

45placebo 

Soya bean 
oil  

Skin fold ↓1.1 

(a) 

↓0.2 

(b) 

↓0.2 

(a) 

↑0.1 

 (b) 

↑1.3 

 (a) 

↓2.0  

(b) 

↑2.7 

 (a) 

↓3.4  

(b) 

- No wash out 
period 
between 
period 1 and 
period 2. 

4 

Lambert et 
al., (2007) 

South Africa 

21-
45 

<30 37 3.9 72 3.9High-
oleic acid 
sun flower 
oil 

DEXA 

 and skin 
fold 

↑1.5 - - ↓0.8 ↑0.3 A number of 
females in 
CLA and 
control are 
not clear. 

3 

Kim et al., 
(2008) 

Korea 

19-
50 

>23 51 2.25 
(FFA) 

2.25 

(TG)  

72 weeks 3g/day 
Olive oil 

DEXA 

and BIA 

↓2.1  

(a) 

0.2 

(b) 

↓ 0.7 

(a) 

0.1 

(b) 

↓0.4 

(a) 

0.7 

(b) 

↓0.6 

(a) 

0.7 

(b) 

↑. 0.3 

(a) 

↓0.3 

(b) 

1hr running 
for 3d per 
week. 

Large drop 
out. 

3 
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Norris et al., 
(2009) 

USA 

 

Post
men
opau
sal 
<70  

>30 43 6.4 16 weeks Safflower 
oil 

DEXA 

Skin fold 

↓1.1 

(a) 

1.76  

(b) 

↓0.6 

 (a) 

0.9  

(b) 

↓1.2 

 (a) 

1.7  

(b) 

- ↓ 1.8 

(a) 

0.05 

4 weeks 
wash out 
periods 

3 

Raff et al., 
(2009) 

Denmark 

56-
85 

<35 51 4.5 16 weeks 5.5 g/day 
Olive oil 

DEXA 

 

↓0.9  - ↓*0.1 - ↓0.2  3 

(Son et al., 
2009) 

21.9
±2.7 

18.5-23 39 3 12weeks 3 corn oil BIA ↓1.2 

(a) 

↓1.4 

(b) 

↓0.4 

(a) 

↓0.6 

(b) 

↓0.6 

(a) 

↓0.6 

(b) 

- 

 

 

- 

- 

 

 

- 

(a)without 
exercise 

 

(b) CLA with 
exercise 

2 

Ribeiro et al 

(2016) 

23.1
±2.8 

28.9 
±2.6 

18 3.2 8weeks 4 olive oil DEXA ↓0.8 - - ↓0.2 -  5 

BMI, body mass index (kg/m2); B.C, body composition; BW, bodyweight (kg); TBF, total body fat (kg); %BF percentage body fat; LBM, lean body mass (kg); CLA, 
conjugated linoleic acid; TOBEC, total body electric conductivity; DEXA, dual energy x-ray absorptiometry; (↓), decrease; (↑), increase BIA, bioelectric 
impedance; FFA, free fatty acid; TG Triglycerides. (a) indicates the first arm of the study, (b) indicate the second arm of the study. (*) indicates significance level 
P<0.05.  
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Table 2-2. Assessment of the reporting quality in included studies using a modified CONSORT check list. 

Study Subjects 
and study 
design 

Main outcome 

CLA effect on 

AR AL Sample size 
calculation 

Group 
similar 
at 
baseline 

Outcome 
assessor 
blinded 

Care 
provider 
blinded 

Patient 
blinde
d 

AB ITTA  MLS 

Zambell et al., 
(2000) 

Healthy 
women  

RCT 

Body composition ? ? - + ? ? + - + +  

certain diet 

Petridou et al., 
(2003) 

Normal-
overweigh
t women 

Two arms 
crossover 
study 

Serum lipid and body 
fat 

? ? - ? + + + ? + - 

Lambert et al., 
(2007) 

Regularly 
exercised 

RCT 
parallel 

 

Energy metabolism, 
blood lipid, glucose 
tolerance and body 
composition 

? ? + ? + + + - + +  

regularly 
exercised 
women   

Kim et al., 
(2008) 

Overweig
ht females 

RCT 
parallel 2 
out of 4 
eligible 
arms 

Body fat ? ? - + + + + (-) in 
CLA 
(FFA)  

(+) in 
CLA 
(TG) 

 

+ +  

one hour /3 
days on 
running 
machine 
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Norris et al., 
(2009) 

Obese 
postmeno
pausal 
women 
with type 
2 diabetes  

RCT cross 
over 

Body composition + + - + + + + - - - 

Raff et al., 
(2009) 

Healthy 
post-
menopaus
al women 

RCT 
parallel 

 

Body fat ? ? - ? + + + 

 

+ + - 

Son et al., 
(2009) 

Healthy 
young 
women  

Body composition ? ? - - - ? ? ? + -in (a) 

+in(b) 

Ribeiro et al 

(2016) 

Healthy 
young 
women 

Body fat and lipid 
profile 

+ + - + + + + - + + 

 CLA, conjugated linoleic acid; AR, appropriate randomisation; AL, allocation concealed; AB, attrition bias; ITTA, intention to treat analysis; MLS, modified life 
style; RCT, randomised control trial; FFA, free fatty acid form; TG, triglycerides form.?, unknown; (+), yes;(-), no.  
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2.3.2 Conjugated linoleic acid and body weight 

A meta- analysis of 8 RCTs with total 330 participant demonstrated a significant reduction 

in BW in CLA group compared to placebo (Mean difference (MD): 1.19 kg, 95% CI (0.69, 

1.7), p<0.001, I²=0% (p) heterogeneity= 0.82) (Figure 2.2). The sub group meta-analysis 

found a significant reduction in BW in both perimenopause women (MD: 1.35 kg; 95% CI 

(0.62, 2.08); P<0.001; I²=0%; (p) heterogeneity=0.67), and post menopause women (MD: 

1.05kg; 95% CI (0.35, 1.75); P=0.003; I²=0%; (p) heterogeneity=0.72) favouring CLA group 

over placebo (Figure 2.3). Moreover, sub group meta-analysis revealed that both the trials 

with and without lifestyle change showed a significant body weight reduction in CLA group 

compared to placebo (Figure 2.4). Where MD: 1.05kg; 95% CI (0.36, 1.74); P=0.003; I²=0%; 

(p) heterogeneity=0.98, and MD: 1.26 kg; 95% CI (0.39, 2.13); P=0.005; I²=12.1%; (p) 

heterogeneity=0.34, for trials without life style and with life style change, respectively. 

According to the third subgroup analysis, CLA showed a significant reducing effect on body 

weight in overweight-obese trials but not in trials that included normal-overweight 

subjects. MD: 0. 69 kg; 95% CI (-0.61, 1.99); P=0.30; I²=0%; (p) heterogeneity=1.00 and MD: 

1.29kg; 95% CI (0.67, 1.91); P< 0.001; I²=12.51%; (p) heterogeneity=0.35 for normal- 

overweight trials and overweight-obese trials, respectively (Figure 2.5). No publication 

bias was reported according to Egger’s test (P=0.57). 

 

Figure 2-2. Forest plot for the effect of CLA on the Body weight reduction. SE, standard 

Error; CI, confidence interval. Significance level p<0.001. 
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Figure 2-3. Sub group analysis of CLA effect on body weight reduction in per-

menopause versus post-menopause women. SE, standard Error; CI, confidence interval; 

CLA, conjugated linoleic acid. Significance level p<0.01. 

 

Figure 2-4. Subgroup analysis of CLA effect on body weight in group without lifestyle 

adjustment and group with lifestyle adjustment. SE, standard Error; CI, confidence 

interval; CLA, conjugated linoleic acid. Significance level p<0.001. 
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Figure 2-5. Subgroup analysis of CLA effect on body weight reduction in the trials 

involved normal-overweight subjects versus trials included overweight-obese subjects. 

SE, standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance 

level p<0.001. 

 

2.3.3 Conjugated linoleic acid and body mass index (BMI) 

Meta-analysis of 4 RCTs with total number of 197 participant demonstrated a significant 

reduction in BMI in CLA group compared to placebo (MD: 0.60 kg/m², 95% CI (0.35, 0.85), 

p<0.001, I²=0%; (p) heterogeneity=0.81) (Figure 2.6). Subgroup meta-analysis based on 

pre- and postmenopausal age found a significant reduction of BMI in both subgroups. MD: 

0.50 kg/m²; 95% CI (0.17, 0.83); P=0.003; I²=0%; (p) heterogeneity=0.82 and MD: 0.75 

kg/m²; 95% CI (0.36, 1.14); P<0.001; I²=0%; (p) heterogeneity=0.45 in pre- and 

postmenopausal age, respectively, in CLA group compared to placebo (Figure 2.7). 

Furthermore, subgroup meta-analysis based on life style change showed a significant BMI 

reduction in the CLA group compared to placebo in both the trials with and without 

lifestyle change (Figure 2.8). MD: 0. 73kg/m²; 95% CI (0.35, 1.11); P<0.001; I²=0%; (p) 

heterogeneity=0.93 for trials without life style intervention and MD: 0.50 kg/m²; 95% CI 

(0.14, 0.85); P=0.006; I²= 3.98%; (p) heterogeneity=0.35 for trials with lifestyle 

intervention. Like BW, subgroup analysis of the CLA effect on BMI reduction while 

considering the initial BMI of the subjects showed a significant reduction in BMI in the 

trials involved overweight-obese subjects but not in the trials recruited normal- 

overweight subjects. MD: 0.40kg/m²; 95% CI (-0.98, 1.78); P=0.57; I²=0%; (p) 

heterogeneity=0.99 for trials in normal-overweight subjects and MD: 0.60 kg/m²; 95% CI 
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(0.32, 0.88); P< 0.001; I²=14.83%; (p) heterogeneity=0.32 for trials included overweight-

obese subjects (Figure 2.9). No publication bias was reported according to Egger’s test 

(P=0.51). 

 

Figure 2-6. Forest plot for the effect of CLA on the body mass index reduction. SE, 

standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance level 

p<0.001. 

 

Figure 2-7. Subgroup analysis of CLA effect on Body mass index reduction in per-

menopause versus post menopause. SE, standard Error; CI, confidence interval; CLA, 

conjugated linoleic acid. Significance level p<0.001. 
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Figure 2-8. Subgroup analysis of CLA effect on body mass index reduction in non-

adjusted lifestyle and adjusted lifestyle trials. SE, standard Error; CI, confidence interval; 

CLA, conjugated linoleic acid. Significance level p<0.001. 

 

 

 

Figure 2-9. Subgroup analysis of CLA effect on body mass index reduction in the trial 

involves normal-overweight subjects versus trials included overweight-obese subjects. 

SE, standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance 

level p<0.001.  



 

46 
 

2.3.4 Conjugated linoleic acid and total body fat (TBF) reduction 

Meta-analysis of 6 RCTs with total 266 participant demonstrated a significant reduction in 

TBF in CLA group compared to placebo (MD: 0.76 kg; 95% CI (0.26, 1.25); p=0.003; I²=0%; 

(p) heterogeneity=0.97) (Figure 2.10). Sub group meta-analysis demonstrated a significant 

reduction in TBF mass by CLA in post menopause women (MD: 1.09 kg; 95% CI (0.36, 1.83); 

p=0.003; heterogeneity I²=0%; (p) heterogeneity= 0.84), but not in the perimenopause 

group. (Figure 2.11). TBF in the trials without lifestyle change was significantly lower than 

in the placebo, while TBF reduction in the trials with lifestyle change was not significantly 

less than placebo (Figure 2.12). MD: 1.07 kg; 95% CI (0.36, 1.78); p=0.003; I²=0%; (p) 

heterogeneity=0.96 for the trials without lifestyle change, and MD: 0.44 kg; 95% CI (-0.26, 

1.15); P=0.22; I²=0%; (p) heterogeneity=0.97 for trials with life style change. Like BW and 

BMI, the third sub group analysis demonstrated a significant reduction in TBF by CLA in the 

trials recruited overweight-obese subjects while the TBF reduction in trials enrolled 

normal-overweight subjects was not significant. MD: 0.37 kg; 95% CI (-0.94, 1.68); p=0.58; 

I²=0%; (p) heterogeneity=0.94 for normal-overweight trials, and MD: 0.82 kg; 95% CI (0.28, 

1.36); P=0.003; I²=0%; (p) heterogeneity=0.79 for overweight- obese trials (Figure 2.13). 

No publication bias was reported according to Egger’s test (P=0.93). 

 

Figure 2-10. Forest plot for the effect of CLA on total body fat reduction. SE, standard 

Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance level p<0.01. 
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Figure 2-11. Subgroup analysis of CLA effect on total body fat reduction in pres. 

menopause versus post menopause. SE, standard Error; CI, confidence interval; CLA, 

conjugated linoleic acid. Significance level p<0.01. 

 

Figure 2-12. Subgroup analysis of CLA effect on total body fat reduction in studies 

without lifestyle adjustment and the group of studies with lifestyle adjustment. SE, 

standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance level 

p<0.01. 
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Figure 2-13. Subgroup analysis of CLA effect on total body fat reduction in the trial 
involves normal-overweight subjects versus trials included overweight-obese subjects. 
SE, standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance 
level p<0.01. 

 

2.3.5 Conjugated linoleic acid and percentage body fat (%BF) reduction  

Meta-analysis of 5 RCTs with total 163 participants demonstrated a non-significant 

reduction in %BF in CLA group compared to placebo (MD: 0.66, 95% CI (-0.18, 1.50), 

p=0.12; I²=0%; (p) heterogeneity =0.88) (Figure 2. 14). The subgroup meta-analysis based 

on age, initial BMI and lifestyle change did not reveal any significant effect of CLA on %BF. 

No publication bias was reported according to Egger’s test (P=0.86). 

  

Figure 2-14. Forest plot for the effect of CLA on percentage body fat reduction. SE, 

standard Error; CI, confidence interval; CLA, conjugated linoleic acid. Significance level 

p<0.05. 
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2.3.6 Conjugated linoleic acid and increasing the lean body mass (LBM)  

A meta-analysis of 5 RCT with total 232 participants revealed a non-significant increase in 

lean body mass between CLA group and placebo (MD: -0.02) kg, 95% CI (-0.39, 0.35), 

p=0.93, I²=0%; (p) heterogeneity =0.58) (Figure 2 15). The subgroup meta-analysis did not 

reveal any significant change in the LBM. No publication bias was reported according to 

Egger’s test (P=0.24). 

  

Figure 2-15. Forest plot for the effect of CLA on lean body mass (LBM). SE, standard 

Error; CI, confidence interval. Significance level p<0.05.  
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2.3.7 Correlations 

The correlation analysis showed that the CLA dose was significantly (p=0.03), moderately 

and directly (R=0.68) associated with BMI reduction (Figure 2 16, A). Also, there was a 

significant (p=0.008) strong (R= 0.80) association between supplementation duration and 

BMI decline (Figure 2.16, B). 

 

Figure 2-16. (A) correlation between BMI, body mass index, reduction and conjugated 

linoleic acid dose (g/day) using Pearson correlation test. (B) Correlation between the 

reduction of BMI and supplementation duration by days using the Spearman 

correlation test. Significance level p<0.05.  
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2.4 Discussion 

This review aimed to evaluate the evidence that supports the use of CLA mixture in form 

of oral capsules as a supplement to reduce BW and alter the body composition in women 

when it supplemented for 6 months or less. The results of the current meta-analysis 

suggested that supplementation of women for 6 months or less with CLA mixture (50:50, 

c9, t11-CLA:t10, c12-CLA) capsules demonstrated a significant reduction in BW (1.2 kg), 

BMI (0.6 kg/m²) and TBF (0.76 kg) compared to placebo. The current meta-analysis’s 

results matches the results obtained from previous meta-analyses (Onakpoya et al., 2012; 

Schoeller et al., 2009; Whigham et al., 2007), where CLA supplementation has been found 

to have a significant modest reduction in body weight (Onakpoya et al., 2012) and total fat 

mass (Schoeller et al., 2009; Whigham et al., 2007). However, this meta-analysis did not 

demonstrate a significant increase in the lean body mass as demonstrated by Schoeller et 

al., (2009) or a significant decline in %BF. Unlike Onakpoya et al., (2012); Schoeller et al., 

(2009); and Whigham et al., (2007), the current meta-analysis included: trials with 

supplementation duration of 6 months or less; trials that recruited women only; trials 

provided only CLA supplementation inform of capsules (not food enriched with CLA); and 

the exclusion of the trials that supplemented the women with only one individual isomer. 

These narrow inclusion criteria were settled to limit the heterogeneity among the included 

trials and for the same reason, the meta-analysis held subgroup meta-analysis while 

considering age, lifestyle adjustment and the initial BMI of the women as covariance. 

 The previous meta-analysis by Onakpoyaet al., (2012) demonstrated a smaller reduction 

in body weight (0.7 kg) and BMI (0.30), but a higher TBF (1.33kg) reduction than the one 

reported in the current review for supplementation duration 6 months or more. BW 

reduction and alteration of body composition founded by Onakpoya et al., (2012) and 

Whigham et al., (2007) were described not to be clinically significant for long term weight 

reduction. The reason is possibly explained by the fact that the reduction did not exceed 

5%of body weight reduction from baseline (Christian, Tsai, & Bessesen, 2010). However, 

Williamson et al (2015) discussed the validity of using the 5% reduction to express the 

clinical significance and concluded that, 2.5-5% could achieve some benefits in some 

patients and that clinical significance should interpret together with the targeted health 

measure (Williamson, Bray, & Ryan, 2015). Hence, this 5% could be considered if we 

assessed CLA as a weight lowering medication only; howeverbut if we consider the 

potential positive effects of CLA on health and body composition modulation, this effect 

could be an advantage for several obesity-induced diseases such as asthma and type II 
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diabetes (Belury, Mahon, & Banni, 2003; R MacRedmond et al., 2010). Additionally, the 

modest effect of CLA on body composition might suggest a potential benefit upon using 

CLA with other weight management supplements. This assumption might be supported by 

the results of two trials (Jung Hee Kim et al., 2008; Tarnopolsky et al., 2007). The first one 

by Tarnopolsky et al (2007), CLA caused a significant increase in LBM and reduction in TBF 

when supplied with creatine monohydrate. The second evidence was provided by Kim et 

al (2008) who demonstrated a significant 0.34% decline in %BF when CLA was used in 

combination of γ-Oryzanol for 12 weeks compared to CLA alone and compared to placebo. 

Therefore, in the future, it might be useful to test CLA with other weight reduction 

medication or supplement. 

 In contrast to the previously done meta-analysis (Onakpoya et al., 2012; Schoeller et al., 

2009; Whigham et al., 2007), the current review did not demonstrate a significant 

reduction in %BF. This is might be due to the small number of included studies that report 

the %BF, as well as the variation among the methods which has been used to assess the 

body fats as shown in table2.1. The increase in LBM reported by Schoeller et al., 2009 was 

less than 1% which might not be relevant from bodybuilding perspective. However, this 

small increase or even weight loss without unchanged LBM in the current meta-analysis 

could be beneficial in subjects with high risk to lose LBM such as post-menopause women 

(Pasquali et al., 1994; Zamboni et al., 1992), more details are provided in the next 

paragraph. This suggests a need for further investigation to investigate the potential use 

of CLA to direct the weight loss towards losing the fats while maintain or increasing the 

LBM. Another possible cause of inability to detect a change in %BF is that the current meta-

analysis was for women only while the previously done meta-analysis included a larger 

number of males compared to females. This could explain the non-significant change in 

LBM and %BF in the current review, where women were found to have 10% more 

percentage of body fat compared to men with the same BMI (Womersley & Durnin, 1977). 

Furthermore, Forster and Jeffrey (1986) concluded that men and women varied in 

response to weight loss treatment. Therefore, it might be more efficient to study CLA 

effect on body composition in both gender and duration specific trials. 

 Subgroup meta-analysis revealed that the reduction in body weight and BMI was 

significant in both trials which included pre- and post-menopausal women. Interestingly, 

subgroup analysis of TBF showed a significant decrease of TBF only in post-menopausal 

women while no significant change in LBM. This might suggest an advantage of using CLA 

supplement in weight reduction and decreasing TBF without decreasing LBM in post 
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menopause women, where postmenopausal women are liable to increase body weight 

and body fat and lose LBM (Pasquali et al., 1994; Zamboni et al., 1992). This advantage of 

CLA might be supported by the positive association between the bone mineral density and 

dietary CLA intakes in postmenopausal women by Browenbil et al (2005). Surprisingly, in 

the current subgroup meta-analysis of the trials with lifestyle modification resulted in a 

non-significant reduction in TBF, while the studies that did not include lifestyle adjustment 

showed a significant reduction in TBF. This could be explained by the variation in the 

lifestyle interventions in these trials. For example, Kim et al., (2008) prescribed certain 

exercise programme (one hour /3 days on running machine), Lambert et al., (2007) 

recruited regularly exercised women and Zambell et al., (2000) had a standardised diet 

and physical activities regime during the study duration. Ideally, cutting the caloric intake 

as well as increasing physical activity has been found to augment the CLA effect on body 

weight and body composition (Colakoglu, Colakoglu, Taneli, Cetinoz, & Turkmen, 2006b) 

and cause at least 8% body weight reduction (Larsen, Toubro, Gudmundsen, & Astrup, 

2006). However, maintain this weight was not proved after returning to a normal lifestyle 

(Larsen et al., 2006). 

 The third subgroup analysis showed a significant reduction by CLA in BW, BMI and TBF in 

the groups of trials that recruited overweight-obese women. This suggest a potential 

beneficial use of CLA in obesity-induced diseases that is more common in women such as 

obesity-induced asthma (Chen, Dales, Tang, & Krewski, 2002), poly ovarian cyst 

(Gambineri, Pelusi, Vicennati, Pagotto, & Pasquali, 2002), where reducing these obesity 

parameters could improve inflammation resulted from these diseases. CLA might have a 

more reducing effect on obesity parameter in morbidly obese premenopausal and post-

menopause women with BMI>40. However, confirmation of this assumptions needs more 

BMI specific and well design RCTs. 

 The current meta-analysis reported a strong and medium direct correlation between dose 

and supplementation duration of CLA, respectively, from one side, and BMI reduction from 

the other side, these findings have not been found before in any other CLA meta-analysis. 

However, a non-significant (p>0.05) moderate r=0.35 direct dose-dependent effect of CLA 

on body weight in human was reported by Onakpoya et al., (2012). The supplemented 

dose in human subjects was ranged from 0.015 to 0.1 g/kg, while in an animal the dose 

ranged from 0.2-3g/kg (10- 30 times the dose in human) (Plourde et al., 2008). This dose 

variation among studies used to explain the lack of consistency and detectable CLA dose-

dependent effect on obesity parameters in human. This is due to the lack of unclear safety 
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data regarding supplementation of a high dose of CLA in human subjects (Plourde et al., 

2008). Thus, the detectable associations in the current study need to be confirmed with 

further studies. 

 The current review used two methods to assess the reporting quality of the included trials. 

However, some of the included trials were not completely accurate, particularly regarding 

the randomisation process, blinding process, concealed allocation, sample size calculation, 

attrition biases. Moreover, only one study mentioned that the analysis is not based on the 

intention to treat (Norris et al., 2009). No study was excluded because of poor reporting 

quality. This is due to the small number of the available trials, as well as based on Jadad 

scale no study had a score of less than three. No publication biases based on Egger’s test 

has been found in any main groups meta-analyses for any obesity parameters. The 

heterogeneity in the main group meta-analyses was non-significant and ranged from 0 to 

14.8% (low heterogeneity) in all the meta-analyses and subgroup meta-analyses. 

 The included trials in this systematic review did not report severe side effect for CLA. 

Lambert et al., (2007) reported a gastrointestinal discomfort (nausea, bloating and 

diarrhoea) and headache in the CLA group but it was not different from that in the placebo. 

Also, only two studies measure the level of CLA in the plasma during the supplementation 

duration to ensure the participants compliance while other studies depended on counting 

the number of the returned capsule to assess the participant compliance (Petridou et al., 

2003; Raff et al., 2009). This is slightly raising a debate about if the reduction of obesity 

markers was defiantly due to increasing the CLA intakes. The modest low quality of the 

included studies might be one of the limitations of this meta-analysis. Moreover, the 

searching strategy included only the published studies and the studies, which were written 

in English, which made this meta-analysis subjected to language bias. Another limitation is 

the unknown numbers of women in CLA and placebo group in the trials by Lambert et al., 

2007, where they were not clear about their population. i.e was there 19 participants in 

CLA group and 18 participants in the placebo or the other way around, as the total number 

of participants in this trial were 37 and the gender of the participant who dropped out was 

not specified. However, exclusion of this study from meta-analysis and subgroup meta-

analysis does not change the significance level or the effect size (data not shown). The 

opposite assumption, where the number of women in CLA group and placebo group was 

18, 19 respectively, almost did not show a change in the significance or the effect size in 

both meta-analyses and subgroup meta-analysis. Another limitation was in the reviewing 

process, as it was conducted by only one reviewer. 
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2.5 Conclusion 

This meta-analysis suggested that supplementation of CLA mixture (50: 50, c9, t11-CLA: 

t10, c12-CLA) for 6 months or less caused a statistically significant but a questionable 

clinically significant reduction in BW, BMI and TBF. The subgroup analyses revealed that 

this reduction in BW and BMI were significant for overweight and obese perimenopause 

and post-menopause women, while for TBF, it was only significant in obese and 

overweight post-menopausal women. The reduction in BW, BMI and TBF could be affected 

by the initial body weight of the subjects. This meta-analysis suggested that 6 months of 

CLA oral supplementation might be beneficial for body weight and BMI reduction in 

women as well as the body composition modulation in overweight and obese post 

menopause women. However, well designed trials are required to confirm these benefits. 

Moreover, it might be worth not only to study CLA as a weight loss supplement but also to 

consider the positive anti-inflammatory effect of CLA on obesity since obesity is a chronic 

low-grade inflammation. Consequentially, this modest anti-obesity action of CLA needs to 

be studied in the contest with the level of different inflammatory mediators. Moreover, 

studying the effect of CLA on obesity-induced morbidities such as lung disorder still in its 

early stage, where yet few studies have been done to investigate the influence of CLA on 

lung functions and subjects with asthma and COPD (Buchan et al., 2017; Ghobadi, Matin, 

Nemati, & Naghizadeh-baghi, 2016; Jaudszus et al., 2016; MacRedmond et al., 2010). 

Therefore, in the fifth chapter, the effect of 12-week supplementation with CLA in a form 

which is orally administrated capsule on the obesity markers, lung functions and the 

inflammatory marker will extensively be studied in RCT included overweight and obese 

subjects. However, before looking at the RCTs results, it was essential to investigate if 

there are associations between the circulating level of CLA, obesity, lung functions and the 

targeted inflammatory markers. Therefore, Chapter 4 will discuss these associations in a 

baseline cross-sectional trial.  
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3 Chapter 3 Methods 

3.1 Introduction 

This chapter is discussing the methods which was used to ass the outcomes in both the 

cross-sectional study, the base line study (chapter4), and the RCT trial (chapter5). Cross 

sectional study design despite the fact that it has low evidence based medicine, it is an 

easy and not expensive design to generate new hypothesis by giving information about 

the association between the risk factors and diseases (Sedgwick, 2014). Additionaly, the 

choice of the placebo randomised control trial study design in Chapter 5 was based on 

the fact that it has high evidence based evidence for the therapeutically interventions , it 

avoid the selection bias and it has higher internal validity (Burns, Rohrich, & Chung, 

2011).  

 The consumable, equipment, software, as well as the used reagents, are listed below in 

appendix 1. The method of assessing body composition, lung functions and inflammation 

were the same in both trials and they were explained in detailed in the following 

sections. Unlike the cross-sectional study in which all the measurements reported at 

based line only, the measurements in the RCT carried out at three different time points, 

baseline, week 6 and week 12. Furthermore, The RCTs included assessment of dietary 

intake at these three time points. Participants in the cross- sectional study (baseline 

study) did not fill a food diary. This because the aim of the dietary intakes in the RCT was 

to explore the effect of CLA on the food intakes as one of the suggested mechanism for 

the anti-obesity mechanism for CLA (Kennedy et al., 2010). The participants of both trials 

are women, the cross-sectional study included women from all BMI ranges to understand 

the plasma level of CLA in the different BMI level. However, the RCT recruited only 

overweight and obese women (BMI≥25 m2/kg).  

 The following sections will describe the study design, protocol, and participants’ 

characteristics, power calculations and statistical methods for each study.  
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3.2 Materials  

All the materials including consumables, reagents, equipment and software are tabulated 

in Appendix 1 

3.3 Methods 

3.3.1 Participants’ Characteristics 

3.3.1.1 Participants’ characteristics for the cross-sectional trial (Chapter 4) 

The trial recruited females aged >18 years from University Of Chester staff and students 

via poster distribution, and from Chester local community via newspaper advertisement 

on Chester Chronical and Warrington Guardian newspapers. The participants considered 

being eligible when their predicted FEV1% is more than 70%, this is to ensure there is no 

participant with severe respiratory disorder as previously suggested by (MacRedmond et 

al., 2010) Also, participant was eligible if they were free from any infections in two weeks 

prior the test. During the screening process, subjects were excluded if they were on 

anticoagulants, or had any other condition that prevents them from providing venous 

blood. Also, pregnant and lactating women were excluded from the trial. After screening, 

eligible participants were given participants’ information sheets and if they were happy to 

take part in the study, they were asked to sign a consent form. The study protocol (Figure 

3.1) was approved by the ethics committee of the faculty of Medicine Dentistry and Clinical 

Science University Of Chester on 04/05/2016 with ethics approval no. 1145/16/HH/IoM, 

(Appendix 2).  

3.3.1.2 Participants’ characteristics for the RCT (Chapter 5) 

The trial recruited >18 years overweight and obese women (BMI≥25) from Chester local 

Community by two methods, the first method was via displaying the trial poster on the 

information boards at several sites inside the University of Chester campuses, mainly the 

Park Gate campus and Bache Hall campus. The second method was via a newspaper 

advertisement in Standard and Chester Chronical. Recruitment took place from November 

2016 to May 2017. 

Inclusion criteria and exclusion criteria: Overweight and obese women with BMI≥ 25 and 

with FEV1 ≥ 70% (to avoid recruiting subjects with severe lung disorders (MacRedmond et 

al., 2010), meanwhile participants were excluded if they were on an antibiotic, or on 

weight loss medications. Pregnant and breast –feeding women, as well as women with a 

current or a history of sever lung disease, were excluded from this trial. Each participant 

signed a consent form after reading participants’ information sheet to understand the trial 
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protocol, (Figure 3.2) The study protocol was approved by Faculty of Medicine, Dentistry 

and Clinical Science ethics committee, 1141/16/HH/CSN on February 2016, (Appendix 3). 

Participants were interviewed and tested in the phlebotomy room in Chester Medical 

School, by the researcher, who was a phlebotomist and first aid trained.  All the laboratory 

work has been conducted inside Chester Medical School laboratory except gas 

chromatography, which has been done in NOW food laboratory in Parkgate campus, 

university of Chester. 

3.3.2 Study design and protocol 

3.3.2.1 Study design and protocol for the cross-sectional study (Chapter 4) 

The study is a cross-sectional; observational study where the participants were asked to 

attend only one clinic after screening. In the examination clinic, participants asked to fast 

at least 8 hours before coming to the clinic and to refrain from vigorous exercise and 

alcohols 24 hours before attending the clinic. During this clinic, the researcher assessed 

the participants’ height using the stadiometer; the body composition using the bioelectric 

impedance (BIA); waist and hip circumference using SECA measuring tab and; lung 

function tests via spirometer. At the end of each clinic, 20 ml blood was obtained from 

participants, which was taken by the researcher in EDTA coating tube. Then, 10 ml of the 

whole blood were centrifuged at 2260 X g for 10 minutes at 4 °C to separate plasma. The 

plasma was kept at -80 °C until collecting all participants’ samples. Plasma samples used 

to analyse the circulating level of total CLA, C9, t11-CLA, t10, c12-CLA, leptin and 

adiponectin. 3 ml of the remaining 10 ml were used to isolate leucocytes to explore the 

expression of CD11b and CD62L on pro-inflammatory monocytes (CD14++, CD16+) using 

flow cytometer, and the last 6ml blood was used to separate PBMCs and to measure the 

level of expression of intracellular HSPA1A and HSPB1. Analysis of inflammatory markers 

took place on the same day within 8 hours of blood collection (Figure 3.1). Reporting the 

cross-sectional study followed strengthening the reporting of observational studies in 

epidemiology (STROBE) checklist (Von Elm et al., 2007) 

3.3.2.2 Study design and protocol for the RCT (Chapter 5) 

This trial was a parallel design randomised double-blind placebo control trial. Reporting of 

the current trial was as per the updated CONSORT 2010 statement recommendation for 

parallel RCT reporting (Schulz, Altman, & Moher, 2010). Figure 3.2 is a diagram to 

summarize for the study protocol 
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Figure 3-1. The study protocol of the cross-sectional study 

3.3.2.2.1 Interventions for the RCT (Chapter 5). 

The randomised participants were either assigned to receive two 1g capsule 3 times per 

day CLA which provide 4.5 gm/ day of CLA mixture (50:50, C9, t11-CLA: t10, c12-CLA) or 2 

capsules three times per day of placebo (High Oleic Acid Safflower oils) for 12 weeks. CLA 

or Clarinol A-80® capsules and the placebo were a generous gift from Stepan S Lipid 

Nutrition, USA. Full nutrition information of CLA capsules is provided in table 3.1. 

MacRedmond et al (2010) previously used the prescribed doses in a trial, without 

significant side effects. Participants were given 7 bottles in the first clinic each bottle 

contains 40 capsules, while in the second clinic they provided with additional 6 bottles of 

capsules. Participants were asked to store the capsules in a dry place at a temperature of 

15- 25 °C and away from direct sunlight. In addition, they requested to bring the empty 

bottles at the last clinic to assess the compliance from the remaining capsules and to 

report any experienced side effects due to the supplement. The compliance of the 

participant was calculated from the returned capsules by dividing the actual number of 

consumed tablets by the expected number and subsequently multiplying them by 100. 

% 𝑐𝑜𝑚𝑝𝑙𝑖𝑎𝑛𝑐𝑒 =
𝑛𝑜. 𝑜𝑓 𝑡ℎ𝑒 𝑎𝑐𝑡𝑢𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑐𝑎𝑝𝑠𝑢𝑙𝑒𝑠

𝑛𝑜.  𝑜𝑓 𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑡𝑜 𝑏𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 
∗ 100 
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.  

Figure 3-2. The protocol of the randomised control trial  

 

Table 3-1. The nutritional content in CLA (Clarinol A-80®) Capsule 

Nutritional information   Per capsule  

Total Calories (kcal)   11  

Calories from Fat (kcal)  9  

Total Fat (g)  1  

Saturated Fat (g)  0.07  

Monounsaturated Fat (g)   0.11  

Trans Fat (g)   0.08  

Polyunsaturated Fat (g)  0.81  

Total CLA (g)  0.8  

c9, t11 + t10-, c12 isomers  0.74  

Protein (g)   0.26  
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Total Carbohydrate (g)   0.12  

 

3.5.2.2.2  Screening and RCT’s clinics (Chapter 5) 

Before attending the screening, the trial protocol was explained to the participants by the 

researcher and the participants were provided with a participants’ information sheet. All 

the subjects were instructed to refrain alcohols and vigorous exercise for 24 hours and to 

refrain from food and drinks for 8 hours before attending the screening clinic. 66 

participants were screened, and during the screening clinic, participants’ height and BMI 

were measured using SECA 213 stadiometer and Tanita MC-780 multi frequency 

segmental BIM balance, respectively. Then, the pulmonary functions were assessed using 

spirometer, MicroLoop 3535 spirometer. Eligible participants with BMI≥25 and FEV1≥ 70% 

signed a consent form while assuring their right to withdraw from the trial at any time. 

In this RCT 9 subjects denied to participate, and two participants, did not replying to e-

mails after screening and 56 subjects were randomly assigned to either CLA or the placebo 

group. Participants were instructed not to change their physical activity or dietary habits 

during the study. Each participant was asked to attend three clinics, at baseline, after 6 

weeks and after 12 weeks. Before attending each clinic, the participants filled three-days-

food diary, which included two-week days and one weekend day. In every clinic, 

anthropometric measurements, body composition and lung functions were assessed, then 

the participants provided 20 ml of venous blood at the end of each clinic, as shown in 

Figure 3.2. Then, 10 ml of blood was centrifuged at 2260 x g for 10 minutes at 4 °C for 

plasma separation and kept at -80 °C for patch analysis of circulating CLA and individual 

CLA isomers, leptin and adiponectin. The remaining 10 ml was used for PBMCs and 

leucocytes isolation to detect intracellular expression of HSPA1A and HSPB1 in PBMCs, and 

the expression of CD11b and CD62L on the pro-inflammatory monocytes (CD14++, CD16+). 

3.5.2.2.3 Randomisation (Chapter 5)  

Participants’ randomisation was performed by an independent third party who was not 

involved in the current trial. Participants were randomised into 28 blocks using 

(www.randomization.com) which generate the randomisation plan. All the capsules were 

packed in a light protective dark brown tamper-proof container which numbered 

sequentially to P1-P56. The randomised participants (56 participants) were either 

allocated to the CLA a group or the placebo group. CLA and placebo capsules having the 

http://www.randomization.com/
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same shape and colour, and both the participants and researcher were blind to the 

treatments, and the allocation was concealed till the end of the data analysis. 

3.6 Power calculation  

3.6.1 Power calculation for the cross-sectional study (Chapter 4) 

The power calculation was calculated using G*power 3.9.1.2 based on work by (Belury, 

Mahon, & Banni, 2003) to detect two-tailed correlation coefficient (R= 0.4) between the 

circulating level of the CLA and body weight, at a significant level 0.05 and 95% power. 

Therefore, the sample size supposed to be 75 considering a potential 2% un eligible and 

dropout participants, so 77 was the final sample size. 

3.6.2 Power calculation for the RCT (Chapter 5) 

Sample size calculation was done using G*Power software, a total of 20 participant was 

required, 10 participants in each group, to get an effect size of 1.3 kg/m2 change in BMI 

from baseline and SD of 0.45, 0.05 margin of error, 95% power and 95% confidence 

interval. The previous power calculation was based on the work done by MacRedmond et 

al., (2010). Considering a 150% drop out the total number would be 50, 25 in each group 

based on work by MacRedmond et al., (2010). A large percentage of dropout assumed 

based on a recommendation from the manufacturer, as CLA trials seems to be associated 

with poor compliance and large dropout. 

3.7  Assessing food intakes for the RCT (Chapter 5)  

The three-day food diary was the method of choice to assess the dietary intakes at each 

time point, this is because three-days food diary reduces inaccuracy that resulted from 

prolongation of recording periods. This inaccuracy causes decreasing in the validity of the 

data reported in the early days and the data complies in latter days (Schröder et al., 2001). 

This inaccuracy is common when using food frequency questionnaire, which is another 

method used to assess the food intake. FFQ was found to overestimate energy intakes and 

food intakes when compared with other dietary intake assessment methods (Block, 1982), 

while the 24-hour recall cannot reflect the habitual food intake due to day to day food and 

energy intakes variations (Block, 1982). Therefore three-day food diary was the method of 

choice in the current RCT as well as in  many CLA RCTs (Ghobadi et al., 2016; Jaudszus et 

al., 2016). 

 The participants were provided with a three-food diary booklet with a portion size guide, 

and an example of a filled diary. Following, they were asked to report their food intake on 
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three-time points. The first time point was one week before starting the supplement, the 

second one from baseline to week six, and the last one was from week 6 to week 12. Each 

food diary had to include food intakes in two weekdays and one weekend day to represent 

the habitual food intake of the participant. The dietary intakes analysed using Nutrition 

Analysis Software for Professionals, Nutritics. 

3.8 Anthropometric measurement for the cross-sectional trial and RCT 

3.8.1 Height for cross-sectional trial and RCT  

The participants height was measured using a stadiometer 213, where the participants 

were asked to stand barefooted with heels against the stadiometer and the head in the 

position of Frankfort plane, where the lower line of the eye socket in the same horizontal 

level of the ear opening, then the height was recorded to the nearest 0.1cm (de Onis, 

Onyango, Van den Broeck, Chumlea, & Martorell, 2004). 

3.8.2 Waist and hip circumference measurements for the cross-sectional trial and the 

RCT 

WC is a relevant simple tool to access the abdominal obesity and it has been found to be 

correlated with the risks of cardiovascular diseases and metabolic syndrome (Pouliot et 

al., 1994; Taylor, Jones, Williams, & Goulding, 2000). However, there is much debate about 

the accurate site of measuring the WC. World health organisation (Organization, 1999) 

and the International Diabetes Federation (IDF) (Alberti, Zimmet, & Shaw, 2006) 

recommended measuring WC in the midway between the lower rib and the top of the iliac 

crest. On the other hand, the recommended measuring site by the National Cholesterol 

Education Program Third adult team Panel was to measure the waist circumference is on 

the top margin of the iliac crest (Grundy et al., 2005). Donini et al. (2013) compared the 

two sites of measurement and concluded that WC as per WHO and IDF has a better 

association with central obesity and can significantly identify hypertension diabetes and 

metabolic syndrome compared to (WC-IC) particularly in women, so this was the method 

of choice for assessing the waist circumference in this thesis. WHR was assessed by 

dividing the WC by HC. 

Each participant was asked to stand erect, and then Seca 203 measuring tape was placed 

horizontally around the waist at end of the normal exhalation, without pressing the skin, 

in the midpoint between the top of iliac bone and below the ribs cage. If there was no clear 

waist circumference, the smallest measure of 3 repeated measures resulted as the 
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relevant WC. The measurement was reported to the nearest 1cm as recommended by 

Donini et al. (2013). 

The participants were asked to stand so that the body weight is equally distributed on the 

two legs and feet separated by 12-15 cm. Then, the measuring tape was placed firmly and 

horizontally around the maximum circumference point of the participant’s hip. 

Measurements were repeated three times and the largest value was reported in the data 

collection sheet. 

3.8.3 Body composition assessment for the cross-sectional trial and the RCT  

The golden standard for assessing the body composition used to be DXA particularly mild 

overweight and obese subjects (Toombs, Ducher, Shepherd, & Souza, 2012). However, this 

method has several limitations such as it is expensive, and it cannot test subjects weighted 

more than 120Kg (Das, 2005). On top of that using radiation during the examination makes 

DXA to be an unrepeatable method to avoid the risk of exposing the participant to 

radiation overdose (Kehayias, Dawson-Hughes, & Heymsfield, 1993). BIA is a fast, less 

expensive and less invasive alternative and it can test many participants in a short time. 

BIA depends on the electric connectivity of the body muscles and body fats, where a mild 

multi-frequency electric current is allowed to pass freely in the body fluid and fluid rich 

tissue (muscles) while it faces high resistance in less hydrated tissue (fatty tissue). This 

resistance to the electric current called bioelectric impedance, and by applying certain 

predictive equation, BIA device is able to assess the body composition (%BF, LBM and 

water content) (Cha, Chertow, Gonzalez, Lazarus, & Wilmore, 1995; Faria, Faria, Cardeal, 

& Ito, 2014). However, BIA is affected by several factors such as the hydration level of the 

tested subject, food intake, alcohol intake, exercise and the skin temperature (Tewari, 

Awad, Macdonald, & Lobo, 2018). 

 BIA has a strong correlation with several body composition assessments methods in obese 

and overweight subjects. For example, Strain et al. (2008) found a reasonable correlation 

between single frequency BIA and deuterium dilution in severely obese subjects. Similarly, 

Donini et al. (2013) found a strong correlation between the body fat assessed by BIA and 

DXA in overweight subjects, R = 0.91. Faria et al. (2014) found a relevant correlation 

between the results of body fat and fat-free mass, which was assessed by BIA and DXA in 

patients with mean BMI =40± 4.08 kg/m2, where intraclass correlation coefficient was 

R=0.83 for TBF and R=0.899 for LBM. The RCT in this thesis recruited overweight and obese 

subjects. Hence, BIA was the method of the choice to assess the body composition in this 
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thesis. Limitations of BIA were controlled by asking the participants in the two trials to 

refrain water and food at least 8 hours as well as, alcohol and vigorous exercise for 24 

hours before attending both screening and examining the clinics. 

 Fasting patients were asked to empty their pockets and take off any jewellers, and then 

they were asked to stand erected and barefooted on the BIA analyser platform’s feet 

markings.  The clothes weight was assumed to be of 0.3 kg. Then, the participant’s height, 

age and gender were entered in the device. After the BIA device beeped, the participant 

was asked to hold the grips for few seconds. Finally, the BW in kg, TBF in kg, BMI (kg/m2), 

%BF, LBM kg, and basal metabolic rate kcal/day were reported in the datasheet. 

3.8.4 Assessing the basal metabolic rate  

The gold standard for assessing BMR is the indirect calorimetric (Compher, Frankenfield, 

Keim, Roth-Yousey, & Group, 2006), however, in the current study Tanita was used to 

assess the basal metabolic rate which uses a standard equation that based on age and 

weight of participants to calculate their basal metabolic rate (Sakamoto, Nishizawa, Sato, 

Wang, & Heymsfield, 2002). Despite, this equation was previously validated against the 

indirect calorimetry (Sakamoto et al., 2002), this equation is not available in the provided 

manual by the manufacturer. Generally, there was so much debate about the validity of 

the prediction equation for assessing the resting metabolic (Hofsteenge, Chinapaw, 

Delemarre-van de Waal, & Weijs, 2010). This because, although, these equations 

considered factors like age and gender and body weight, it ignores other important 

factors like body composition, ethnicity of the subjects, and the critical illness (Marra et 

al., 2015). 

 Despite the previously mentioned limitation, the prediction equation of Tanita was used 

to measure BMR in the current study. This because using indirect calorimetric would 

need to increase the clinic duration around 15 minutes. (Marra et al., 2015), and the 

clinic was already 1 hour which could be a burden to the participants. More importantly, 

the absence of enough information about If using calorimetric to assess the BMR in 

fasting participants before testing the lung function could influence the lung function test 

results, because both tests requires blowing. Therefore, using the prediction equation 

rather than measuring was more feasible to be applied in one-hour clinic without 

potential effects on respiratory functions. However, still the results regarding the effect 

of CLA on the BMR should be interpreted carefully. 
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3.9 Lung function assessment for the cross-sectional trial and the RCT  

The diagnosis of asthma is based mainly on the symptoms, the peak of expiratory flow 

(PEF) and the spirometer parameters (Manoharan, Lipworth, Craig, & Jackson, 2014). 

However, using bronchial challenge is usually having an advantage particularly with 

regards to the current absence of golden standard for asthma diagnosis and follow up 

(Miravitlles et al., 2012). The bronchial challenges are either acting directly, or indirectly, 

where lung function was assessed by forced expiratory volume in one second (FEV1) via 

spirometer before and after the bronchial challenges. The direct bronchial challenges 

include testing the lung function before and after inhalation of either methacholine or 

histamine, which are working directly on smooth muscle receptors in the airway, causing 

airway hyper-responsiveness.  

 The direct bronchial challenge usually requires specific equipment and well-trained team 

so that it is not commonly used in the primary care units (Manoharan et al., 2014). The 

indirect bronchial challenge such as, eucapnic voluntary hyperpnoea (EVH), mannitol and 

adenosine monophosphate tests are indirectly affecting the airway by stimulating the 

inflammatory mediators in the airway (Manoharan et al., 2014). The indirect bronchial 

challenge test is much more feasible in the primary care, inexpensive, as well as it has been 

found to be better related to the eosinophilic airway inflammation (Leuppi, 2014). 

Additionally, there are other diagnostic methods which involve assessing the eosinophilic 

inflammation in the sputum after inhaling the hypertonic saline aerosol by analysing the 

cells and the inflammatory mediators in the sputum or by quantifying the exhaled gases 

or volatile substance such as fractional exhaled nitric oxide (FeNO). Furthermore, a 

measuring compound like hydrogen ion (pH), isoprostanes, and leukotriene metabolites 

are other diagnostic methods for asthma (Lung & Institute, 2014). However, both direct 

and indirect method still requires the presence of a clinician for the safety of the 

participant. In this thesis, the method of choice was the spirometer, as it was safer to be 

performed in the university lab. 

 The lung function was assessed in each clinic by measuring %FEV1 predicted, %forced vital 

capacity %FVC predicted and %FEV1/FVC predicted using Micro loop spirometer. British 

Guideline on the Management of Asthma 2011 recommends a spirometer, as well as it is 

recommended by the National evidence-based guideline for diagnosis and monitor of 

chronic obstructive pulmonary disease (COPD), as well as asthma progression (Turner, 

Paton, Higgins, & Douglas, 2011). Lung functions assessment was done following ATS/ERS 
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guidelines ("Standardization of spirometry--1987 update. Statement of the American 

Thoracic Society," 1987), Subjects were asked to breathe in maximally, then they were 

asked to hold the mouthpiece between the teeth and make it airtight sealed by the lips. 

After that, the participant should exhale forcefully and maximally until emptying the lungs 

completely. The test was repeated three times and the best blow recorded by the 

spirometer were considered the relevant measure. 

3.10  Preparation of buffers and consumed solutions for the cross-sectional study 

and RCT  

3.10.1  1M HCl (V/V) 

19.6 ml of 37% Hydrochloric acid (HCl) was added to 180.4 ml dH2O to prepare 200ml of 

1M HCl. 

3.10.2 M NaOH (w/v) 

8 g of sodium hydroxide (NaOH) was dissolved in 80 ml of dH2O via a magnetic stirrer until 

clear solution. Then, the final volume of the solution was made up to 100 ml with dH2O. 

3.10.3 Flow cytometer blocking buffer  

This buffered was prepared by diluting 5% FBS in DPBS (V/V) 

3.10.4 Paraformaldehyde 4% (W/V)  

160 ml of DPBS was placed in a glass beaker on Electric heater with a magnetic stirrer to 

60 ᵒC without boiling. Then 8 g of paraformaldehyde was added to the DPBS, followed by 

adding 1 M NaOH dropwise until a clear solution was obtained. The solution was left to 

cool at room temperature; pH was adjusted to 6.9 using 1 M HCl. The solution was stored 

at 2-8 ᵒC up to one month. 

3.11  Blood sampling for the cross-sectional trial and the RCT  

The participants were asked to fast at least 8 hours before coming to the clinic. The blood 

was withdrawn from 6:00-8.30 am based on participants working hour. The blood was 

taken by the researcher using the WHO standard protocol (Organization, 2010), where 20 

ml of cubital venous blood was collected in a 2*10 ml EDTA tube to avoid clotting using 

vacutainer needle. One 10 ml tube was used for plasma separation while the second 10 ml 

tube was used for the isolation of PBMCs, and leucocytes.  

3.12  Isolation of leucocytes for the cross-sectional trial and the RCT  
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In 50 ml conical centrifuge tube, 3ml of the whole blood was added to 45 ml of AKC lysing 

buffer. Then, it incubated at room temperature from 3-5 minutes. The tube then 

centrifuged at 300 x g for 5 minutes at room temperature, then the supernatant was 

collected and discarded. The pellet was washed in 5ml DPBS followed by centrifugation at 

300 x g for 5min at 4 ᵒC. The supernatant was then collected and discarded. After that, the 

leukocytes were re-suspended in 1 ml cold blocking buffer and counted using DXH 500 

Haematology System. Then, the cells were diluted to be 1-2*106 cell. Following this, 2 ml 

of the cells were stimulated using 100ng/ml LPS as previously done by (Ngkelo, Meja, 

Yeadon, Adcock, & Kirkham, 2012), and the cells were incubated for one hour at 37 ᵒC . 

This process took place within two hours from the blood collection. 

3.13  PBMCs separation for the cross-sectional trial and the RCT  

Density gradient centrifugation with Histopaque 1077 has been found to be a 

reliable method to isolate the PBMCs from the whole blood as it yields more 

dense and pure monocytes. Within two hours of blood collection, 3ml of 

Histopack 1077 were added in 15 ml conical centrifugal tube, then 3ml of blood was 

carefully laid over the Histopack 1077 layer using pasture pipette. The tube was 

centrifuged at 400 x g for 30 minutes. After that, the yellow serum layer was discarded, 

and the opaque interface PBMCs layer was then collected in a new 15 ml tube. The 

collected PBMCs washed twice using 10 ml DPBS and centrifuged at 250 x g for 10 

minutes at room temperature after every wash. The supernatant was then discarded 

followed by suspending the pellet in 1 ml blocking buffer, and the cells were counted by 

DXH 500 Haematology System and diluted in blocking buffer so that the number of the 

cells reached a concentration of 1*106 cell. Cells were incubated at 37 ᵒC for one hour. 

3.14  Anti-Human CD markers staining protocol for the cross-sectional trial and 

the RCT  

Using flow cytometer is method of choice to detect the expression of CD11b on the pro-

inflammatory monocytes, because it is time efficient and it enable targeting specific cell 

population based on expression of specific protein which in this case is CD14++ and CD16+ 

(Jahan-Tigh, Ryan, Obermoser, & Schwarzenberger, 2012). Another alternative technique 

that could be used to detect the expression of CD markers is the western blot (Kurien & 

Scofield, 2006). However, the accuracy of the western blot is influenced by several factors 

such as sample preparation; the amount of protein loaded on the gels, antibodies quantity 
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and quality as well as the incubation time (Ghosh, Gilda, & Gomes, 2014). Additionally, 

western blot influenced by the researchers skills, the blocking regents and blocking time 

(Ghosh et al., 2014). Therefore, flow cytometer was the method of choice, as it is fast and 

accurate method to identify and quantify specific cell population, as well as for 

identification of intracellular inflammatory proteins (Adan, Alizada, Kiraz, Baran, & 

Nalbant, 2017). Identifications of CD11b and CD62L on the pro-inflammatory monocytes 

was detected previously using flow cytometer (Cottam, Schaefer, Shaftan, et al., 2002) 

 100 μl of 1-2 *106 of the stimulated and non-stimulated leucocytes were transferred to a 

96 well V shape plate following the same pattern in figure 3.3; the plate was centrifuged 

at 500 x g for 5 minutes at room temperature. The supernatant was aspirated and 

discarded, then, the pellet was re-suspended in 200μl of cold DPBS. Then, it was 

centrifuged again for 5 minutes at 500 x g. The supernatant was removed and 100μl of the 

blocking buffer were added in each well and the plate was incubated for 5 minutes at room 

temperature. Then, the CD markers were added in the 96 wells as illustrated in figure 3.3, 

and with the specified volume in table 3.2. Following that point, the plate was incubated 

at 2-8 ᵒC for 45-60 minutes. Then, the plate was centrifuged for 5 minutes at 500 x g and 

the supernatant removed. The cells were fixed by adding 70μl of 4% paraformaldehyde 

solution. Then, incubated at 37 ᵒC for 10 minutes followed by addition of 70μl of DPBS, 

and centrifugation for 5 minutes at 500 x g. Then, 100 μl of DPB was added to wash the 

cells and, centrifuged at 500 x g for 5 minutes and finally the cells re-suspended in 100 μl 

of DPBS after discarding the supernatant and kept at 2-4 ᵒC until being analysed by flow 

cytometer. 
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Figure 3-3. Plate layout of stimulated and non-stimulated leucocytes stained with anti- 

Human CD markers. A1-A3: unstained non-stimulated control; A5: APC-Cy™7 CD14; A6: 

PE CD16; A7; APC-Cy™7 CD14 plus PE CD16; A8: CD11b; A9: FITC CD62L; A10: APC-Cy™ κ 

Isotype; A11: PE κ Isotype; A12: FITC κ Isotype. B1-B3 non-stimulated leucocyte stained 

with APC-Cy™7 CD14, PE CD16 and FITC CD11b. C1-C3: non-stimulated leucocyte stained 

with APC-Cy™7 CD14 plus PE CD16 and FITC CD62L. D1-D3 stimulated leucocyte stained 

with APC-Cy™7 CD14 plus PE CD16 and FITC CD11b. E1-E3 stimulated leucocyte stained 

with APC-Cy™7 CD14, PE CD16 and FITC CD62L. F1-F3 unstained stimulated leucocytes.  
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Table 3-2. The added volume from each anti-Human CD markers and the gated 
population 

The name of the added CD marker The volume  The population gated  

APC-Cy™7 Mouse Anti-Human CD14 5 μl Monocytes  

PE Mouse Anti-Human CD16 20 μl Cytokines realising population 

FITC Mouse anti-Human CD11b/MAC-1 5 μl Adhesion molecule 

FITC Mouse Anti-Human CD62L 20 μl Adhesion molecule 

APC-Cy™7 Mouse IgG2b, κ Isotype 5 μ Negative control 

FITC Mouse IgG1 κ Isotype 20 μl Negative control 

PE Mouse IgG1, κ Isotype Control 20 μl Negative control 

 

3.15  Intercellular expression of anti-human HSPA1A and anti-human HSPB1   

 Flowy cytometry has been found to be a reliable, rapid and more sensitive method to 

assess the expression of HSPA1A in human monocytes compared to other methods such 

as western blot and immunofluorescence (Bachelet et al., 1998; Hunter-Lavin et al., 2004). 

Therefore, expression of HSPA1A and HSPB1 were measured using flow cytometry. In 96 

well V-shaped plates 100μl of 1*106 / ml of PBMCs were placed as per figure 3.4. Then, it 

was centrifuged at 500 x g for 5 minutes. The supernatant was collected, discarded, and 

the cells were washed by 200μl of DPBS and centrifuged again at 500 x g for 5 minutes. 

The permeabilization and fixation of the cells were performed by adding 70 μl of 

Cytofix/Cytoperm solution, followed by the plate incubation for 20 minutes at 2-8 o C. Then, 

70 μl of DPBS were added to each well, the plate was centrifuged for 5 minutes at 500 x g 

followed by removal of the supernatant and re-suspending of the pellet in 100μl of 5% 

blocking buffer. Following that step, the plate was centrifuged at 500 x g for 5 minutes. 

Then, the supernatant aspirated and discarded. 50 μl of FITC anti-Human HSPA1A or anti-

Human HSPB1 both were diluted 1:100 in the 5% blocking buffer, added to the relevant 

wells as showed in figure 3.4, and incubated from 45 minutes to 1 hour at 2-8 ᵒC. After 

incubation, 50 μl of blocking buffer was added followed by centrifugation of the plate at 

500 x g for 5 minutes. Finally, the cells were re-suspended in 100 DPBS and the plate was 

stored in the fridge to be analysed by the flow cytometer.  
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Figure 3-4. The plate layout for intracellular Anti-Human HSPA1A and Anti- Human 

HSPB1 expression in peripheral mononuclear cells (PBMC) cells. A5-A7: unstained PBMCs 

control; B5-B7 PBMCs stained with anti-human HSPA1A; C5-C7: PBMCs stained with anti-

human HSPB1. 

 

3.16  Flow cytometer operating conditions 

Initially, BD Accuri™ C6 flow cytometer running setting was adjusted to collect 10,000 

events. Then, the detected population was gated after excluding the cell debris (Figure 3.5 

(A and B)). Following that, the running setting was adjusted to collect 10,000 events inside 

the gate for 2.30 min, 90 μl and medium fluidity. Compensation between FL-2 channel (PE) 

and FL-1 channel (PE) for anti-human CD markers staining procedure was applied in all the 

samples. Compensation was done by correcting FL-1 channel was done by subtracting 5% 

of FL-2 channel, while FL-2 channel was corrected by subtracting from 6% of FL-1 (Figure 

3.6 (A and B)). 
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Figure 3-5. Gating of leucocytes. A) shows leucocytes gating in P1 after excluding debris. 

B) Illustrates the different cells types in the leucocytes where blue cells are monocytes 

which identified by CD14, green cells are lymphocytes and red cells are granulocytes. 

Differentiating between lymphocytes and granulocytes was based on the granularity. 

 

Figure 3-6. The expression of leucocytes when stained with PE (CD16) and FITC CD 
markers (CD11b, or CD62L) (A) before and (B) after compensation  

 

3.17  Gating for adhesion molecules CD 11b and CD 62L on (CD14++ CD16+) 

monocytes, pro-inflammatory monocytes. 

Gating monocytes in the isolated leucocytes was performed by using side scatter against 

CD14 this because monocytes are exclusively expressing CD14, (Figure 3.7 (A)), Then, 

proinflammatory monocytes (CD14++, CD16+) population was gated using side scattered 

versus CD16. This pro-inflammatory monocyte which has been found to be responsible for 

releasing of cytokines and a marker for chronic inflammation (Elsenberg, 2009) (Figure 3.7 

A and B). The Identification of the expression of each adhesion molecule on the pro-

inflammatory subset was done by gating side scatter against CD11b and CD62l as shown 

in figure 3.7 (C) and (D), respectively. The difference between the expression of adhesion 

molecules, CD11b and CD 62L in the pro-inflammatory monocytes’ subset before and after 
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100ng/ml LPS stimulation was calculated and expressed by the difference in mean 

fluorescence intensity (Figure 3.8). 

 

Figure 3-7. Gating CD11b and CDL62L on pro-inflammatory (CD14++, CD16+). (A). 

Monocytes CD14+, (B). Pro-inflammatory monocytes (CD14++, CD16+) (C and D). CD62L 

and CD11b expression on pro-inflammatory monocytes, respectively. 

 

 

Figure 3-8. (A) and (B) illustrates the expression of CD11b and CD62 L, respectively, on 

the pro-inflammatory monocytes (CD14++, CD16+) before and after stimulated with 

100ng/ml LPS. The black histogram indicates the expression of CD11b and CD62L before 

stimulation while the red and blue histograms indicate the expression CD11b and CD 62L, 

respectively.  
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3.18  Gating HSPA1A and HSPB1 expression in the PBMCs. 

The gating of the monocytes was based on the cell granularity, where the lymphocytes 

tended to have large number low granularity compared to the monocytes (Sustrova, 

Ondrackova, Leva, & Sladek, 2014), as shown in (Figure 3.9). Expression of intracellular 

HSPA1A and HSPB1 in the whole PBMCs (Figure 3.10), lymphocytes (Figure 3.11) and 

monocytes (Figure 3.12) were identified by the positive shift in the histogram. The 

expression of HSPA1A and HSPB1 was measured using the mean fluorescence of the 

positive expression in the whole PBMCs, lymphocytes and monocytes. 

 

Figure 3-9. The gating of the different population in the Peripheral blood mononuclear 

cells (PBMCs). (A) demonstrates gating PBMCs after excluding debris While figure (B) 

showed gating the monocytes blue coloured cells and the lymphocytes the green colour 

cells based on their granularity. 
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Figure 3-10. The expression of both HSPA1A and HSPB1 in peripheral mononuclear cells 

(PBMCs). the green section indicated for lymphocytes while the blue section is referring 

to the monocytes. (A) Is the negative expression of HSPA1A in PBMC while (B) shows the 

positive expression of HSPA1A in the PBMCs. Similarly, (C) is the negative expression of 

HSPB1 in PBMC while (D) shows the positive expression of HSPB1 in the PBMCs. HSP70 is 

(HSPA1A) HSP27 is indicated for (HSPB1). 

 

Figure 3-11. The expression of both HSPA1A(HSP70) and HSPB1 in lymphocytes. (A) Is 

the negative expression of HSPA1A in lymphocytes while (B) shows the positive 

expression of HSPA1A in the lymphocytes. Similarly, (C) is the negative expression of 

HSPB1 in lymphocytes while (D) shows the positive expression of HSPB1 in the 

lymphocytes. HSP70 is (HSPA1A) HSP27 is indicated for (HSPB1). 
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Figure 3-12. The expression of both HSPA1A (HSP70) and HSPB1 (HSP27) in monocytes. 

(A) Is the negative expression of HSPA1A (HSP70) in monocytes while (B) shows the 

positive expression of HSPA1A in the monocytes. Similarly, (C) is the negative expression 

of HSPB1 (HSP27) in monocytes while (D) shows the positive expression of HSPB1 in the 

monocytes. HSP70 is (HSPA1A) HSP27 is indicated for (HSPB1). 

3.19  Plasma separation 

10ml of the collected whole blood was centrifuged at 2260 x g for 10 minutes at 4 o C within 

one hour from blood withdrawal. After centrifugation, the serum was labelled and 

collected in a 1.5ml centrifuge tube and kept in -80 °C until the time of analysis from May 

2017-September 2017. 

3.20  Enzyme-linked immunosorbent assay (ELISA)  

Enzyme-linked immunosorbent Assay (ELISA) was the method of analysis of both 

adiponectin and Leptin. Radioimmunoassay is an alternative method that could have 

been used , and it has high sensitivity and high specificity (Horn, Geldszus, Pötter, Von 

zur Mühlen, & Brabant, 1996; Spranger et al., 2003). Also, the prior method has high 

recovery 99-104% and the minimum detection concentration in the plasm 0.5 µg/L. 

However radioimmunoassay has a considerable limitation , as requires trained team and 

special it has high risk of toxify due to radiation exposure and high disposal cost (Yalow, 

1982) . Another potential method is multiplex immunoassay which characterised by 

using low volume of samples, however it had a low correlation compared to ELISA and 



 

79 
 

radioimmunoassay (Treviño‐Garza et al., 2016). Therefore, commercial ELISA was the 

method of choice to detect adipocytes in this thesis.  

3.20.1 ELISA for detecting the plasma level of Leptin 

3.20.1.1 Preparation of Reagents and samples 

 1 X assay diluents B: This was done by making a 5-fold dilution of 5 X assay diluent B using 

deionised water in 50 ml tube 1 X wash solution. The stock 20 X wash buffer bottle was 

left to equilibrate to room temperature 18-25 °C. Then, it was mixed gently to dissolve all 

the visible crystals. Then, 25 ml of the provided wash solution were added to 475 ml of 

deionised water to yield 500ml washing buffer. 

1 X Biotinylated leptin detection antibody: after spinning the biotinylated anti-human 

leptin vial, 100 µl of 1 X assay diluent B was added to the detection antibody and mixed 

gently. Then, this concentrate was diluted 80-fold with 1 X assay diluent B in 15 ml tube. 

 Leptin 1 X HRP-Streptavidin Solution: Following spinning of 160 X HRP-Streptavidin vial, 

the solution was diluted 160-fold with 1 X assay diluent B in 50 ml tube.  

 Leptin standard preparation: 800 ml assay diluent A was added to leptin standard vial to 

get 220 ng/ml leptin stock standard then the standard was prepared as per manufacturer 

recommendation. 

 Sample preparation: The sample was deforested to room temperature and diluted 50 

times with assay diluent A and mixed gently. Every sample was assessed in duplicates, due 

to the limited availability of the sample.  

 

3.20.1.2 Assay procedure  

All the reagents were left to cool down at room temperature including the plate before 

starting the assay procedure. 100µl of each standard and samples were added to the 

appropriate wells. Then, the plate was covered by the plate sealing. Then, it was incubated 

for 2 hours with gentle shaking. The plate was then washed 4 times using the previously 

prepared 1 X washing buffer. Then, 100µl of 1 X biotinylated leptin detection antibody and 

the plate was incubated for 1 hour at room temperature with gentle shaking. The plate 

was washed again 4 times with 1 X washing solution using the plate washer. 100 µl of 1 X 

HRP-Streptavidin was added to each well and the plate incubated for 45 minutes at room 

temperature with gentle shaking followed by washing with 1 X washing solution. After this 

step, 100 µl of 3, 3′, 5, 5′-Tetramethylbenzidine (TMB) was added to each well, and the 
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plate was incubated for 30 minutes at room temperature with gentle shaking. Then,when 

the blue colour was developed, 50 µl of stop solution were added to each well, and finally, 

the plate was read at 450 nm immediately. Calculation of leptin concentration was 

conducted using GraphPad Prism®, and the standard curve was done by plotting 

concentration versus absorbance (Appendix 4). 

3.20.2 ELISA Adiponectin  

3.20.2.1 Reagent preparation 

1 X Diluent N preparation: 10 X diluent N for leptin were diluted 10-fold using reagent 

grade water in 50 ml tube. 

1 X Adiponectin Wash buffer preparation: 20 X washing buffer were diluted 20 times in 

reagent grade water 1 X Biotinylated Adiponectin detection anti-body. After spinning 

down the provided Biotinylated Adiponectin detection anti-body vial, 1 X Diluent N was 

used to dilute the Biotinylated adiponectin detection antibody based on its initial labelled 

concentration to yield 5,280 µl by applying the following equation: 

(𝐶𝐹 / 𝐶𝐼) 𝑥 5.280 =  𝑉𝐴 

CI = Initial concentration (X) of stock Biotinylated Adiponectin antibody (variable) 

CF = Final concentration (always = 1X) of 1 X Biotinylated Adiponectin Detection Antibody 

solution for the assay procedure 

5,280 µl= Total required a volume of 1 X Biotinylated Adiponectin detection antibody 

solution for the assay procedure  

VA = Total volume of (X) stock Biotinylated Adiponectin Antibody 

Preparation of 1 X SP Conjugate: 100 X Streptavidin-Peroxidase vial was spin down and 

diluted 100-fold with 1Xdiulent N 

Standard preparation: Preparation of 200ng/ml stock was done by adding the relevant 

volume of 1 X n Diluent N, which was calculated based on the labelled concentration of 

adiponectin standard vial, via applying the following equation.  

(CI/ 200ng/ml) x 1,000 =  VD 

CI = initial mass of Anti- Standard (see vial label) (ng) 

200 ng/mL = Adiponectin Stock Standard final required concentration  
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VD = Required volume of 1 X Diluent N for reconstitution (µL) 

The reconstituted 200 ng/ml adiponectin stock was left to rest for 10 min before preparing 

the subsequent dilutions in 1.5 Eppendorf tubes. The first standard was prepared by 

adding 125 µl of the 200 ng/ml reconstituted standard to 375 µl of 1 X Diluent N then the 

following standards prepared. Finally, calculation of the adiponectin concentration was 

done using Graph Pad Prism®, and the standard curve was done by plotting concentration 

versus absorption as per (Appendix 4). 

Sample preparation procedure: The plasma samples were left to cool down to the room 

temperature, and then they were diluted 500 folds using 1 X Diluent N. 

3.20.2.2 ELISA procedure for adiponectin  

In 96 well plate, 50 µl of the standard and samples were added in the appropriate well and 

the plate was covered by the plate sealing and incubated for one hour after adding the last 

sample at room temperature. Then, the plate washed 5 times with 1 X washing buffer 

followed by the addition of 50 µl of 1 X biotinylated adiponectin detection antibody in each 

well and the plate was incubated for one hour at room temperature. After one hour the 

plate was washed 5 times, 50 µl of 1 X SP added to each well, and the plate was incubated 

for 30 minutes. Then the plate was washed again 5 times with the 1 x washing buffer 

followed by adding 50 µl chromogen substrate in every well and the plate was incubated 

for 10 till the colour was developed. Finally, 50µl of the stop solution was added, and the 

plate absorbance was measured at 450 ʎ immediately after stopping the reactions.  

3.21 Gas Chromatography  

Several methods had been used for analysis and identification of fatty acids in food and 

biological samples these methods include Ag+-HPLC, capillary electrophoresis and flame 

Ionised gas chromatography (GC) (Salimon, Omar, & Salih, 2013). However, flame ionised 

GC is the most widely used method for identification and quantification of fatty acids, 

particularly CLA in plasma and breast milk (Bondia-Pons, Moltó-Puigmartí, Castellote, & 

López-Sabater, 2007). Preparation of fatty acid methyl ester (FAME) is the first step before 

injecting the sample into the gas chromatography device. Extraction and esterification of 

the fatty acids from the plasma used to be done in two separate processes (Manirakiza, 

Covaci, & Schepens, 2001). However, the method developed by Bondia-Pons et al. (2007) 

offers a valid and direct esterification process of CLA isomers. Therefore, it was the method 

of choice in this thesis as it is less time consuming, plus it avoids any possible change in the 
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isomerization process of the CLA. Bondia-Pons et al. (2007) used alkali-catalysed 

methylation that involved KOH-Methanol instead of acid catalysed methylation (H2SO4, 

HCL) because the latter could lead to a change of isomerization of the conjugated dienes. 

3.21.1 Reagent preparation  

Saturated NaCl preparation: 100mg of NaCl was dissolved in 200ml distilled water at 20 °C 

then, the mixture allowed to rest and finally filtration of the solution was done using 

Whatman™ filter paper. 

3.21.2 Determining the retention times c9, t11-CLA and t10, c12-CLA 

N-hexane was used to dilute the stock solutions of the standards to get the standards with 

the following concentrations: 20% v/v Supelco 37 FAME, 7.5 µg/ml of c9, t1-CLA and 12.5 

µg/ml of t10, c12-CLA. Initially, c9, t10-CLA and t10, c12-CLA were injected individually to 

determine the retention time for every fatty acid. After that, the standard solution of 

Supelco 37 FAME component was injected alone then, injected again while combining with 

the standard of both c9, t11-CLA and t10, c12-CLA. Following these two steps, the resulted 

in two FAME compared to each other in order to determine the retention time of each 

isomer. The retention time for c9, t11-CLA was 16.6 minute, meanwhile for t10, c12-CLA 

17.4 minutes (Figure 3.13 and Figure 3.14). The absolute concentration of each sample 

was calculated multiplying the concentration of internal standard (100µg/ml) by the area 

under the curve for the sample. Then, the results divided by the area under the curve for 

the internal standard. 

3.21.3 Extraction and esterification of c9, t11-CLA and t10, c12-CLA  

In a 15 ml glass tube, 0.5ml of plasma plus 10µl of 5mg/ml Tridecanoic acid C:13 (internal 

standard) were added followed by addition of 5 ml of 2.5%W/V KOH in methanol, then the 

tube was placed in a water bath at 90 °C for 6 minutes, so that the water covers the tube’s 

walls. The mixture was left to cool down until reaching the room temperature, and 5ml of 

14% BF3 methanol were added to the mixture and heated for 6 minutes at 90 °C in the 

water bath. After the mixture cooled down again to the room temperature, it was 

transferred to 50 ml microcentrifuge tubes. After that, 2ml of n-Hexane was added to 

dissolve FAMEs followed by addition of 2 ml saturated sodium chloride to remove the 

water-soluble contents from the mixture. Then, centrifugation of the mixture took place 

using Hermle Z323K Refrigerated Centrifuge at 2200 x g for 10 minutes at room 

temperature. Finally, 1 ml of the upper Hexane layer that contained the fatty acid FAME 
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was collected in 1.5 ml Eppendorf and stored at -80 °C till time for injection in the gas 

chromatography. 

3.21.4 Gas chromatography operating condition 

The resulted FAME was analysed using flam ionised autosampler equipped gas 

chromatography (GC Claurs 480 system). Capillary column SGE analytical Science Pty Ltd, 

Australia; 30m x 0.25mm id 0.25um film thickness was used to separate the fatty acids in 

the FAME. 1.5 µl was injected every time. Injector and detector temperature was kept at 

220 °C and 250 °C, respectively and the flow rate was 8.4Psi. The temperature programme 

for the column was raised from 60 °C  to 170 °C at a rate of 20 °C /minute then increases 

to 200 °C at a rate 1 °C /minute and held for 1 min to give total run time 36.5 minutes, 

each sample was analysed in duplicates. The intra assay variation expressed by the CV% 

was 1.9% for C9, t11-CLA, 14.4% for T10, c12-CLA and 0.7% for the total CLA , these values 

were within the previously detected range (Bondia-Pons et al., 2007). 

3.21.5 Identification and quantification of the fatty acids  

To identify the retention time of c9, t11-CLA and t10, c12-CLA peaks in the samples were 

done by comparing the retention time of Supelco 37 FAME with and without adding 7.5 

µg/ml and 12.5 µg/ml t10, c12-CLA both c9, t11-CLA standard. The amount of the 

recovered internal standard was used to quantify the relative amount of each isomer. 

Identification and quantification of both isomers were done for each participant at each 

time point (Figure 3.15) by applying the following equations: 

C9, t11 − CLA Isomer concentration (µg/ml) =

The area under the curve for C9, t11 − CLA ∗ 100/

The internat standared area under the curve .  

 

T10, c12 − CLA Isomer concentration (µg/ml) =

The area under the curve for T10, c12 − CLA ∗ 100/

The internat standared area under the curve 
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Figure 3-13. Gas chromatography chromatogram of a FAME 37 mixture with and without adding cis-9, trans-11 CLA, and trans-10, cis-12 CLA, 

the blue chromatogram and the black chromatogram, respectively.C4:0; (1) C6:0; (2) C8:0; (3) C10:0; (4) C11:0; (5) C12:0; (6) C:13 (Internal 

standard) (7) C14:0; (8) C14:1; (9) C15:0; (10) C15:1; (11) C16:0; (12) C16:1; (13) C17:0; (14) C17:1; (15) C18:0; (16) C18:1 trans; (17) C18:1 (n−9) 

cis; (18) C18:2 n−6 trans; (19) C18:2 n−6 cis; (20) C18:3 n−6; (21) C18:3 n−3; (22) C20:0; (23) C18:2 cis-9, trans-11; (24) C18:2 cis-11, trans-13; 

(25) C18:2 trans-10, cis-12; (26) C21:0; (27) C20:2 n−6; (28) C22:0; (29) ) C20:3 n−6; (30) C22:1 n−9 (31) C20:3 n−3; (32) C20:4n−3; (33) C23:0; 

(34) C22:2 n−6; (35) C24:0 (36) C20:5n−3; (37) C24:1; (38) C22:6 n−3 (39).retention time for C:13 is 6.8 min. and the retention time for c9,t11-

CLA,t10, c12-CLA are 16.6 min. and 17.4min, respectively. 
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Figure 3-14. The retention time of c9, t11-CLA at 16.6 minuts and t10, c12-CLA at 17.4 

minutes. The blue chromatogram is the FAME 37 mixture with 7.5µg/ml c9, t11-CLA and 

12.5µg/ml T10, c12-CLA standards while the black chromatogram is FAME 37mixture 

alone. 

 

 

Figure 3-15. The retention time for both isomers at different time points. 1, 2, 3 in Black 

are the peaks of c9, t11-CLA at baseline after 6 and 12 weeks CLA supplementation, 

respectively. 1, 2, 3 in red are the peaks of t10-c12CLA at baseline after 6 and 12 weeks 

CLA supplementation, respectively.  
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3.22 Statistical analysis  

3.22.1 Statistics for the cross-sectional study (Chapter 4) 

The first stage of statistical analysis was the descriptive statistics, which included 

frequencies and demographic analysis of participants. Shapiro-Wilk test was used to check 

the parametric assumption of the data at significant level 0.05 as the sample size was less 

than 100 (Ghasemi & Zahediasl, 2012). Continuous data described in the median and 

intraquartile range (IQR). 

 The second stage was testing for correlations between the measured variables using two-

tailed Pearson test in case of parametric data, or Spearman test in case of nonparametric 

data. Subgrouping analysis was conducted by grouping participants based on their BMI 

and menopausal age (Sarri, Davies, & Lumsden, 2015). The cut off of the menopausal age 

(51 years old) was set based on the average menopausal age in the UK (Sarri et al., 2015) 

The difference in the measured variables between different BMI and age subgroups were 

conducted using an independent t-test for parametric data or Mann Whitney U for non-

parametric data at significant level 0.05, in the case of two groups. In the meantime, the 

difference between more than two groups was checked using one-way analysis of variant 

(ANOVA) for parametric data with post-hock, or alternatively, Kruskal- Wallis in case of 

non-parametric data. 

 All the statistics were run using IBM SPSS statistic package version 25, NYC, USA, 

meanwhile plotting the results were plotted using GraphPad Prism 7 software. The 

association considered to be strong, medium or weak if the correlation coefficient (r) | r | 

> 0.5; 0.3 < | r | <0.5 or 0.1 < | r | < 0.3; respectively (Cohen, 1988). The significant level 

for all the statisticsal tests in the current study would be p<0.05. Statistical analysis 

included participants with completed data, so all the data analysis performed as per 

protocol analysis. 

 An alternative statistical approach which could have been done is a non-linear regression 

to get the best flexible fit curve functionality. Although, the prior method avoids the risk 

of bias and it provide robust predictions for the extrapolated data which fall outside the 

measured values, it consumes a considerable amount of time to decide which function fit 

better as well as it requires applying large library functions to choose the suitable module 

with minimal errors (Archontoulis & Miguez, 2015). Moreover, nonlinear regression model 

requires setting starting values for the non-linear algorithm (Ritz & Streibig, 2005), but 

there is no standard procedure to get this starting values, and failure to set an accurate 
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staring points could lead to failure of the algorithm (Archontoulis & Miguez, 2015). 

Therefore, in this cross-sectional study linear model with sub group analysis based on age 

and the BMI of the participants was selected.  

The statistical approach that was used in exploring the correlation in the cross sectional-

sectional study was used before in a study that looked at the association between omega-

3 fatty acids content of the erythrocytes and obesity using gender as a univariate (Howe 

et al., 2014). Therefore we used the same approach, but the covariates in current study 

were the menopausal age and the obesity level factors, where the level of fatty acids in 

plasma was different in perimenopause compared to post menopause women (Gómez-

Ambrosi et al., 2002). Obesity level was suggested as a covariant based the results of the 

meta-analysis in Chapter 2, which suggested that CLA seemed to be more efficient in trials 

recruited overweight and obese women. 

3.22.2 Statistics for the RCT (Chapter 5) 

IBM SPSS Statistic Data Editor Software (version25) was used for the statistical analysis of 

this trial while the graphs were made using GraphPad Prims version 7, because Graph pad 

is more presentable and providing more informative graph than Excel. 

Descriptive statistics of baseline continuous data of 55 participants were expressed in form 

of mean± standard error of the mean (SEM). Nominal data was expressed in percentages. 

The parametric assumption was checked using Shapiro-Wilk tests at significant level p< 

0.05. The difference between the baseline characteristics in CLA and placebo group were 

done using independent t-test in parametric data after checking the homogeneity of 

variance, using Levene's Test for Equality of Variances, or Mann Whitney U for non-

parametric data, At significant level P<0.05. 

 Testing the effects of CLA compared to placebo and the interaction with times (baseline, 

6 weeks and 12 weeks) was done using Mixed Model Repeated Measures Analysis of 

Variance (ANOVA) at significant level p< 0.05. The later analysis used the Tukey post hoc 

test with Bonferroni correction for all the measured parameters. The difference within-

subject factor was time while the difference between subjects was defined as treatment. 

Sphericity was checked using Mauchly’s test at significant level p<0.05. When Sphericity 

was not assumed either Greenhouse-Geisser correction was considered at significant level 

P<0.05 or the p-value of the multivariate test was considered. 
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Upon detection of a significant interaction between the treatments and time, investigating 

the differences within the group and between groups were carried out using the following 

tests: 

Paired t-test or Wilcoxon test was selected to detect the difference within- participants at 

different time points in parametric and non-parametric data, respectively, at a significant 

level P<0.05. Independent t-test or Mann Whitney U were used to detect the difference 

between CLA group and placebo across the different time points for normally and non-

normally distributed data, respectively at a significant level P<0.05. 

The difference in the change at week 6 compared to baseline, (∆ 6 weeks), and at week 12 

compared to baseline (∆ 12 weeks), in CLA groups compared to placebo were checked 

using t-test in case of normally distributed data or Mann Whitney-U for non-parametric 

data at significant level P<0.05. The difference between the categorical data was done 

using Chi-square test at significant level p<0.05.  
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4. Chapter 4 

4.1 Introduction  

 Obesity is one of the challenges which is facing the developed countries today. In 2015, 

58% of adult women (≥16 years or older) in the UK were either overweight(18≤BMI<30) or 

obese (BMI≥30) (NHS, 2018). Moreover, three-quarters of the subjects assigned for the 

bariatric surgery were women (NHS, 2018). Women after menopause tend to have high 

risk of obesity due to reduction in the circulating oestrogen, because oestrogen and 

oestrogen receptors are responsible for regulation of several glucose and fat metabolic 

pathway plus they influence the satiety pathways in hypothalamus (Lizcano & Guzmán, 

2014). Indeed, the absence of oestrogen suppress the activity of oestrogen receptors SF1 

in the hypothalamus, which is responsible for increasing the energy of expenditure and fat 

distribution in females, leading to fat accumulation in the abdominal area (Lizcano & 

Guzmán, 2014). Therefore, women in menopause are at high risk of several metabolic 

disorders (Carr, 2003; Janssen, Powell, Crawford, Lasley, & Sutton-Tyrrell, 2008). In 

addition to metabolic and cardiovascular disease risks caused by obesity, obesity was 

associated with developing dyspnoea and respiratory disorders such as asthma symptoms 

(Carpio et al., 2016). 

 In the chapter 2, the meta-analysis supported the hypothesis that CLA might be beneficial 

in reducing body weight, BMI and TBF, particularly in post menopause women. However, 

the direct association between the circulating level of CLA in plasma and the obesity 

markers has not been explored yet. All the previously done cross- sectional studies have 

attempted to explore the association between the consumption of high fat dairy products 

and obesity-induced insulin resistance (Kratz, Baars, & Guyenet, 2013; Pereira et al., 2002) 

or alternatively, between cream consumption and the risk of respiratory disorder such as 

asthma (Waser et al., 2007; Wijga et al., 2003; Woods et al., 2003). The presence of CLA in 

a high-fat-dairy product was suggested as an explanation for the potential anti-obesity and 

anti-inflammatory properties that might positively influence lung functions (MacRedmond 

& Dorscheid, 2011; MacRedmond et al., 2010). 

 Since the effect of CLA on body composition has been studied through RCTs, either in form 

of oral capsule supplementation, as discussed in the second chapter, or in form of food 

enriched with CLA (Coleman, Quinn, & Clegg, 2016; Jaudszus et al., 2016), there is a need 

to explore the direct association between the circulating CLA and body composition, 

adipokines and other inflammatory markers. One reason for this is to establish a basic 
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understanding of this relationship via cross-section study before conducting interventional 

studies. 

 Several trials have sought to explore the association between the CLA intakes in CLA rich 

food and body composition using 3-day dietary records, semi-quantitative food frequency 

questionnaire (Herbel, McGuire, McGuire, & Shultz, 1998; Park, McGuire, et al., 1999), or 

using food duplicate methodology (Ritzenthaler et al., 2001). However, the previous 

methods, which were used to quantify the CLA in this relationship, were not initially 

validated against biological markers for CLA. Furthermore, the methods used in the prior 

studies have several limitations such as, reporting bias as well as, some of these methods 

are depending on the recall ability of the participants (Lee & Nieman, 1996), which in turn 

could influence the assessed level of CLA intakes. 

 Similar to body composition, several animal studies found that CLA supplementation, 

particularly c9, t11-CLA inhibited the allergic sensitisation and airway inflammation in mice 

by reducing the downregulation of PPAR-γ expression in the lung tissue (Jaudszus, 

Krokowski, Möckel, et al., 2008). That was a rationale for several authors to study the 

effect of CLA on respiratory related diseases through intervention studies (Jaudszus et al., 

2016; MacRedmond et al., 2010; Stickford, Mickleborough, Fly, & Stager, 2011) without 

previously investigating the association between the circulating level of CLA and  

pulmonary functions. 

 The influence of CLA on inflammation in previous studies was studied by analysing either 

the circulating cytokines in plasma or the change in the released cytokines from the 

stimulated PBMCs (Tricon, Burdge, Kew, Banerjee, Russell, Grimble, et al., 2004; Turpeinen 

et al., 2008). Hence, there is a need to look at inflammation using a new approach. 

Therefore, in this study, two new approaches have been adopted to look at the association 

between the CLA and inflammation. The first approach was to look at the association 

between the circulating  level of CLA and two intracellular heat shock proteins, HSPA1A 

and HSPB1, where the level of expression of these two stress proteins was increased by 

weight loss (Roumans et al., 2016). In addition, these two stress proteins have been found 

to be involved in several respiratory diseases such as asthma (Aron et al., 1999; Merendino 

et al., 2002), COPD (Hacker et al., 2009) and lung cancer (Zimmermann et al., 2012). 

 The second approach was to investigate the association between the circulating plasma 

level of CLA and the expression of CD11b and CD62L-selectin on the pro-inflammatory 

monocytes (CD14++CD16+),as it has been found to be associated with increased 
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cardiovascular event and mortality (Belge et al., 2002; Gomes et al., 2010). Moreover, 

increasing this monocytes population was associated with obesity (Stansfield & Ingram, 

2015). 

 Indeed, there is a limited number of cross-sectional studies that have looked at the 

association between the circulating level of CLA and different diseases. For example, 

Castro-Webb, Ruiz-Narvaez, and Campos (2012) observe the association between CLA in 

adipose tissue and the risk of diabetes. Recently, there is an epidemiological study has 

looked at the association between the circulating level of CLA in serum and the risk of 

developing heart failure in older men (Wannamethee et al., 2018). Therefore, it might be 

worth looking at the direct association between the circulating level of CLA in the plasma 

and body composition; CLA and lung functions; CLA and adipokines, as well as between 

CLA and inflammation. CLA is not commonly included in the nutrient database like vitamins 

and minerals, and it does not have an agreed reference intake or toxic level. Furthermore, 

it is not analysed periodically in the biological samples (Castro-Webb et al., 2012). This 

again acts as an additional rationale to conduct this cross-sectional study in women, to 

have a better idea about the levels of CLA in the plasma of a British cohort. 

4.1.1 Objective  

The current study investigated the direct association between the circulating level of CLA 

and CLA isomers in the plasma and obesity markers, lung functions and adipokines. 

Furthermore, the current study investigated the association between the circulating level 

of CLA and CLA isomers in the plasma and: (1) The expression of HSPA1A and HSPB1 on 

PBMCs. (2) The expression of adhesion molecules on pro-inflammatory monocytes 

(CD14++C16+) in women. Additionally, this study considered the influence of the 

menopausal age and the BMI categories in these relationships. 

4.1.2 Hypotheses  

The general hypotheses are stated bellow, the detailed hypothesis (Appendix 5) 

H1: There is an association between the body composition parameters and the circulating 

level of CLA in plasma. 

H0: There is no association between the body composition parameters and the circulating 

level of CLA in plasma. 

H1: There is an association between lung function and the circulating level of CLA in 

plasma. 
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H0 There is no association between lung function and the circulating level of CLA in plasma. 

H1: There is an association between the adipokines and the circulating level of CLA in 

plasma.  

H0 There is no association between the adipokines and the circulating level of CLA in 

plasma. 

H1: There is an association between the intracellular HSPs in PBMCs and the circulating 

level of CLA in plasma. 

H0 There is no association between the intracellular HSPs in PBMCs and the circulating 

level of CLA in plasma. 

H1: There is an association between the expression of adhesion molecule on the pro-

inflammatory monocytes (CD14++, CD16+) and the circulating level of CLA in plasma. 

H0 There is no association between the expression of the expression of adhesion molecule 

on the pro-inflammatory monocytes (CD14++, CD16+) and the circulating level of CLA in 

plasma. 

4.2 Results 

4.2.1 The baseline characteristics of the participants  

The number of the screened participants was 78 and one of them was excluded because 

she was pregnant, so 77 women with a median age of 39 years, range from 19-64 years, 

consented and their data included in the final analysis. Upon checking the normal 

distribution of the data, BMI, LBM, %BF, TBF, % FEV1 predicted, %FVC predicted, %PEF 

predicted, were normally distributed while the rest of the data were not normally 

distributed. Therefore, for a more conservative approach, all data considered as non-

parametric and data expressed in form of median and IQR. Additionally, investigating the 

difference between groups was explored using a non-parametric test. Non-parametric 

tests could have several limitation, which include losing precision, unable to estimate 

population, low power and false sense of security (Yu, 2012). However, the accuracy of 

Mann Whitney U test was 0.96 compared to T-test in normally distributed data while it is 

more powerful if data was non-parametric (Yu, 2012). Similar concept was raised for 

Spearman and Pearson correlation tests, and it was explained by the fact that the non-

parametric assumption influencing the absolute quantities not when data used to perform 

correlation or comparing groups as argued by Yu (2012). 
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 The participants had various obesity levels where 17% participants were normal weight 

with 18<BMI>25, 36% were overweight 25<BMI<30, 22% were obese 30<BMI>35 and 25% 

subjects were with BMI >35 and they hypothetically categorised as morbidly obese (Figure 

4.1). The percentage of the women in the current study with BMI>25 is 25% higher than 

the percentage of overweight and obese adult women in the UK in 2015 (NHS, 2018). The 

percentage of perimenopause women were 71% meanwhile the percentage of post-

menopause women was 29%. The baseline characteristics of the participants are described 

in table 4.1.  

 

Figure 4-1.The frequencies of nominal data. (A) participant classified based on (A) Body 

mass index (BMI), (B) Menopausal status, perimenopause and post-menopause, 

<51years old and ≥51 years old, respectively. 

 

 The majority of lung functions parameters were in normal range, ≥80%, as per CARE 

(2005) where the median(IQR) values for %FEV1 predicted was 104% (21), for FVC% 

predicted 96 (27)%, and %FEV1/ FVC% was 100 (12)% (Table 4.1). At the individual level, 4 

women had a restrictive disorder based on the following criteria, % FEV1 predicted <80%, 

%FVC predicted < 80%and %FEV1/FVC predicted < 70%. 

 The level of the c9, t11-CLA in the perimenopause women, 0.05 (1.77) µg/ml, was not 

significantly lower (p=0.069) than that in the post-menopause women (0.59, 5.72) µg/ml, 

(Figure 4.2, A). However, upon removing the outlier value of one participant in 

perimenopause women, this difference became significant (p=0.05) (Figure 4.2, B). Out 
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liar was removed after applying Grubbs ‘test for outliers, as it is the recommended test for 

the single outlier (Grubbs, 1969).On the other side, the level of t10, c12-CLA in 

perimenopause women, 0.54 (0.85) µg/ml, was non- significantly higher than that in post-

menopause women, 0.15 (0.73) µg/ml. The level of c9, t11-CLA was significantly (p<0.01) 

lower in normal weight, 0.14(0.59) µg/ml, and overweight, 0.18 (1.53) µg/ml compared to 

obese, 1.67 (3.09) µg/ml and morbidly obese women, 0.146 (3.14) µg/ml, (Figure 4.3, A). 

Similarly, the level of the circulating total CLA was significantly higher in morbidly obese, 

1.78 (2.23) µg/ml, and obese, 1.96 (3.2) µg/ml, subjects compared to normal weight 0.43 

(0.76) µg/ml and overweight, 0.8 (1.71) µg/ml (Figure 4.3, B).  
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Table 4-1. The baseline characteristics of the participants  

 

All participants 
(N=77) 

Perimenopause 
(N=55) 

Post-menopause 
(N=22) 

Normal weight 
(N=13) 

Overweight 
(N=28) 

obese 
(N=17) 

Morbidly obese 
(N=19) 

Age (years) 39(25) 30(13) 55(3) 26(10) 39(22) 43(22) 42(17) 

Body weight (kg) 76(20) 78(20) 72(19) 61(8) 72(7) 82(12) 104(20) 

BMI (kg/m2) 31(8) 30(9) 31(6) 22(4) 28(2) 32(3) 39(7) 

Waist hip ratio 1.25(0.15) 1.29(0.21) 1.22(0.080) 1.36(0.07) 1.31(0.16) 1.19(0.11) 1.22(0.11) 

Lean body mass (kg) 58(7) 60(7) 57(6) 69(5) 60(4) 57(4) 52(4) 

Total body fat (kg) 29(14) 29(14) 28(16) 17(5) 27(4) 33(11) 47(13) 

Percentage body fat 39(5) 38(7) 39(4) 28(6) 37(4) 40(4) 45(5) 

Resting metabolic rate (kcal/day) 1444(192) 1490(223) 1359(213) 1335(113) 1391(132) 1514(193) 1762(261) 

%FEV1 predicted  104(21) 96(24) 108(28) 102(22) 97(15) 106(20) 95(14) 

%FVC predicted  111(26) 101(27) 116(20) 104 (14) 106(17) 111(13) 97(20) 

%PEF predicted  96(27) 95(27) 109(37) 96(24) 96(33) 104(35) 94(27) 

% FEV1/ FVC predicted 100(12) 99(12) 103(11) 102(8) 100(11) 97(12) 99(10) 

Adiponectin µg/ml  19(4) 19(4) 20(6) 19(15) 17.72(12.43) 20.60(7.47) 23.33(9.30) 

Leptin ng/ml 13(12) 10(12) 15(12) 1.82(3) 11.52(7.56) 16.97(9.25) 21.07(11.11) 

C9, t11- CLA (µg/ml) 0.20(1.60) 0.05(1.77) 0.59(5.72) 0.14(0.59) 0.18(1.53) 1.67(3.09) 1.46(3.14) 

T10, C12- CLA (µg/ml) 0.48(0.78) 0.54(0.85) 0.15(0.73) 0.20(0.25) 0.28(0.54) 0.18(0.43) 0.17(0.50) 

Total CLA (µg/ml) 0.91(2.06) 0.86(2.41) 1.12(6.01) 0.43(0.76) 0.80(1.71) 1.96(3.32) 1.78(2.23) 

Body Mass Index (BMI); the percentage predicted forced expiratory volume in one second (%FEV1), Percentage predicted of Forced vital capacity (%FVC); 
Percentage predicted Peak of flow (%PEF); Conjugated linoleic acid (CLA); cis9, trans 11-CLA isomer (C9, t11- CLA); trans 10, cis12-CLA isomer (T10, C12- CLA), 
total CLA was the sum of (C9, t11- CLA) and (T10, C12- CLA). The absolute concentration measured by µg/ml. Data expressed by median and intra quartile range.  
Normality was checked using Shapiro-Wilk normality test at significant level 0.05.   
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Figure 4-2. The difference between the circulating c9, t11-CLA in perimenopause post-

menopause women. (A) The difference without excluding the outlier value,(B) after 

excluding the outlier value (more than 3 SD) in Perimenopause women. The differences 

were analysed using Mann Whitney U* P<0.05.  
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Figure 4-3. The difference in the circulating level of c9, t11-CLA isomers (A) and total 

CLA (B) in different BMI groups. The difference between groups has been checked using 

Kruskal Wallis; * P< 0.05, **P<0.01. 
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4.2.2 The association between the circulating level of CLA isomers and total CLA and 

body composition  

The level of c9, t11-CLA in plasma was moderately and significantly associated with the 

following body composition markers: BW (R=0.39, p<0.001); BMI (R= 0.40, p<0.001); TBF 

(R= 0.34, p<0.001), %BF (R=0.31, p=0.01) and resting metabolic rates (R= 0.31, p =0.01). 

On the other hand, there were moderate, inverse and significant associations between c9, 

t11-CLA and both WHR (R= -0.43, p<0.001) LBM (R= -0.33, p<0.01), (Table 4.2). 

 Similar to c9, t11-CLA, several significant associations between total CLA concentration in 

the plasma and body composition parameters were detected in the current trial. These 

associations followed the same pattern as c9, t11-CLA association with body composition 

apart from, the strong inverse association between WHR and total CLA in the plasma of all 

participants, (R= -0.53, p<0.001), (Table 4.2). 

 Upon grouping the participants based on their menopausal status, the results in 

perimenopause group were similar to the results of the whole population. So, noticeable 

significant medium associations were found between total CLA and the following body 

composition markers: BW (R= 0.44, p<0.001), BMI (R= 0.51, p<0.001), TBF (R= 0.34, 

p=0.01), %BF (R= 0.36, p= 0.01) and BMR (R= 0.43, p <0.001). On the other side, there were 

inverse significant associations between total CLA and WHR (R= -0.53, p<0.001) and LBM 

(R= -0.37, p=0.01). Interestingly, there was a non-significant association between the c9, 

t11-CLA and body composition markers in postmenopausal women (Table 4.2). T10, c12-

CLA did not have any association with body composition markers in all participants or after 

subgrouping the participants based on their menopausal status.   
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Table 4-2. The association between the circulating levels of CLA isomers and total CLA 
in the plasma and body composition markers in all participants based on their 
menopausal status. 

 
All participant N=77 Perimenopause N=55 Post menopause N=22 

 
C9 T10 CLA C9 T10 CLA C9 T10 CLA 

Body weight (kg) 
        

R 0.39** -0.12 0.40** 0.42** -0.09 0.44** 0.07 -0.12 0.07 

P P<0.01 0.30 P<0.01 P<0.01 0.53 P<0.01 0.75 0.59 0.76 

BMI (kg/m2) 
        

R 0.40** -0.05 0.45** 0.44** 0.03 0.51** 0.07 -0.13 0.09 

P P<0.01 0.67 P<0.01 P<0.01 0.82 P<0.01 0.75 0.56 0.68 

Waist-hip ratio 
        

R -0.43** -0.08 -0.53** -0.41** -0.12 -0.53** -0.20 -0.03 -0.36 

P 0.00 0.51 0.00 0.00 0.37 0.00 0.36 0.88 0.10 

Lean body mass (kg)        

R -0.33** 0.11 -0.34** -0.36* 0.09 -0.37* -0.01 0.08 -0.03 

P P<0.01 0.32 P<0.01 0.01 0.54 0.01 0.97 0.73 0.89 

Total body fat (kg) 
        

R 0.34** -0.18 0.33** 0.36** -0.18 0.34* 0.11 -0.07 0.12 

P P<0.01 0.12 P<0.01 P<0.01 0.19 0.01 0.64 0.76 0.59 

Percentage body fat 
       

R 0.31* -0.10 0.32** 0.34* -0.05 0.36* 0.03 -0.17 0.01 

P 0.01 0.38 P<0.01 0.01 0.73 0.01 0.88 0.45 0.97 

Resting metabolic rate (kcal/day) 
      

R 0.31* -0.13 0.30* 0.45** -0.09 0.43** -0.04 -0.17 -0.08 

P 0.01 0.25 0.01 P<0.01 0.50 P<0.01 0.85 0.45 0.71 

Body Mass Index (BMI); Conjugated linoleic acid (CLA); cis9, trans 11-CLA isomer (C9); trans 10, 
cis12- CLA isomer (T10), total CLA was the sum of (C9, t11- CLA) and (T10, C12- CLA). The absolute 
concentration measured by µg/ml. Data expressed in form of median and interquartile range (IRQ). 
Normality was checked using Shapiro-Wilk normality test at significant level 0.05. Spearman test 
was used to look at the associations between CLA and body composition variables. Significant level 
was 0.05. R is the correlation coefficient; R is the correlation coefficient; P is two-tail significant 
value. * P, 0.05, **P<0.01.  
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Subgroup analysis of the associations based on the BMI categories of the participants 

revealed a strong significant and direct association between c9, t11-CLA (R= 0.6, p=0.001) 

and BMI as well as between total CLA and BMI in overweight subjects (R=0.53, p=0.004), 

(Figure 4.4 A and B), respectively. Spearman association test showed a significant medium 

inverse correlation between total CLA and WHR (R=-0.43, P=0.023, (Figure 4.4 C)) in 

overweight women. In addition, there was a significant inverse medium association (R=- 

0.42, P=0.03) between the t10, c12-CLA and the total body in overweight subjects, (Figure 

4.4, D). 

 

Figure 4-4. The significant association between body composition and the circulating 

CLA in plasma based on the participants’ BMI level. Body mass index (BMI); waist and 

hip ratio (WHR). (A), and (B) are for BMI in obese subjects, (C) is or WHR in overweight 

subjects (D) is for T10, c12-CLA and Total body fat in overweight women. All associations 

were found using Spearmen test at significant level p<0.05. R is the correlation 

coefficient; P is a two-tail significant value; N is the number of women.  
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4.2.3 The association between lung functions and the level of CLA in the plasma  

There is no significant association between c9, t11-CLA and %FEV1 predicted, %FVC1 

predicted, %FEV1/FVC predicted and %PEF predicted when analysing all women data. 

Similarly, there was no significant association between t10, c12-CLA and lung functions 

and between CLA and lung functions in all the study population as well as when sub-

grouping participants based on their BMI class. Upon grouping the participants based on 

their menopausal status, a significant direct medium association (R=0.45, p=0.04) was 

detected between c9, t11-CLA and %PEF predicted in post-menopause women, (Figure 

4.5, A). Furthermore, there was a significant medium inverse association (R=-0.44, p<0.04) 

between t10, c12 CLA and %PEF predicted in post-menopause women, (Figure4.5, B). 

 

 

Figure 4-5. The association between %PEF predicted and c9, t11-CLA, t10, c12-CLA. A 

indicates the association between %PPE and c9, t11-CLA. B indicates the association 

between %PEF predicted and t10, c12-CLA. The associations were detected using 

Spearman test at significant level P<0.05.R is the correlation coefficient; P is two tail 

significant value; N is the number of women.  
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4.2.4 The association between CLA and adipokines 

Considering overall participants, no significant associations between the level of c9, t11-

CLA and leptin, between t10, c12-CLA and leptin level, or between total CLA and the leptin 

in the whole study population as well when categorised the participants based on their 

BMI. Similarly, no significant associations were detected between c9, t11-CLA or total CLA 

and leptin in perimenopause and post-menopausal women. However, upon grouping the 

participants based on their menopausal status, a significant inverse weak association 

(R=0.29, p=0.03) was detected between t10, c12-CLA and the leptin in perimenopause 

women, (Figure4.6), but the same association was not detected in Post-menopause 

women. The intra assay variation for leptin was 6.7%  

 

 

Figure 4-6. The association between t10, c12-CLA and adiponectin. The association was 

checked using Spearman test at significant level p<0.05. R is the correlation coefficient; P 

is two-tail significant value; N is the number of women. 

Adiponectin did not show significant associations with the circulating level of the CLA or 

any of its isomers in the whole population or when grouping the participants based on 

their menopausal age or their BMI, except for obese and morbidly obese subjects. This 

trial demonstrated a significant inverse association between adiponectin and total CLA in 

both obese (R=-0.55, p=0.02) and morbidly obese subjects (R=-0.48, p=0.04) (Figure 4.7 A 

and B). Additionally, there was a strong negative association (R=-0.63, p= 0.004) between 

c9, t11-CLA and adiponectin in morbidly obese women, (Figure 4.7, C). Every sample were 

done in duplicates, and intra assay variation was 8.6% 
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Figure 4-7. The association between CLA and its isomers and leptin when grouping 

participants based on their BMI. Conjugated linoleic acid (CLA). Spearman test was used 

to look at the associations between CLA and body composition variables. Significant level 

was 0.05. R is the correlation coefficient; P is a two-tail significant value; N is the number 

of women. 
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4.2.5 The expression of inflammatory markers of the participants 

To investigate the association between CLA as well as the CLA isomers and the 

inflammatory markers, statistical analysis was carried out for 31 participants only due to 

the high cost of the antibodies. The level of expression of both HSPA1A and HSPB1 was 

investigated in the whole PBMCs, on lymphocytes and monocytes in the whole population 

as well as when the data categorised based on the menopausal age and BMI are 

summarised in (Table 4.3). Intra assay coefficient of variation for HSP70 in PBMCs, 

lymphocytes and monocytes were 12.4%, 11.9% and 4.5%. For HSP27, intra assay 

coefficient of variation was 8.4% in PBMCs, 9.1% in lymphocytes and 17.3% in the 

monocytes. For adhesion molecule on the pro-inflammatory monocytes (CD14++, CD16+), 

intra assay coefficient of variation was 15.2% and 1.3% for CD11b and CD62L. 

There was no significant difference in the expression of HSPB1and HSPA1A between 

perimenopause and postmenopausal except for the expression of HSPB1 on lymphocytes, 

as it was high in postmenopausal 7549 (4281) compared to premenopausal women 

5241(3921), p=0.05, (Figure 4.8). This trial showed that the level of expression of HSPA1A 

in the PBMCs was significantly lower in normal weight, 9110 (10569) p=0.003, and 

morbidly obese, 10034 (19560) p=0.005, than in overweight, 38191 (67615), (Figure 4.9). 

Additionally, the level of expression of HSPA1A on lymphocytes was significantly high in 

overweight (9806 (16262)) compared to normal weight (3455 (1438)), p=0.006 and obese 

subjects (3723 (3002)), p=0.027 (Figure4.10). 
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Table 4-3. The expression of HSPA1A and HSPB1 inside PBMCs, lymphocytes and monocytes, as well as the adhesion molecules in 
31paricipants and when the data were grouped based on the menopausal age and BMI 

 

All participants 
(N=31) 

Perimenopause 
(N=18) 

Post-menopause 
(N=13) 

Normal 
weight (N=4) 

Overweight 
(N=11) 

Obese        
(N=6) 

Morbidly obese 
(N=10) 

CD11b (MFI) 17366(10691) 17339(12379) 18268(10843) 16050(15082) 20082(27138) 19384(14783) 17817(7878) 

CD11b, S(MFI) 31206(16531) 32628(17714) 26493(16638) 28360(18601) 37403(26748) 28514(9381) 31900(19538) 

CD62L(MFI) 9829(9875) 9839(11457) 9829(8803) 10960(7772) 7860(14336) 10088(8990) 11756(12155) 

CD62L, S(MFI) 3536(4410) 3846(4229) 3532(5095) 6324(7076) 3536(6340) 3440(3028) 2751(4229) 

HSPB1PBMC(MFI) 14492(9509) 13800(7525) 15025(18380) 16558(22441) 14492(10900) 14324(7833) 15557(9585) 

HSPB1L(MFI) 5870(4515) 5241(3921) 7549(4281) 6124(3469) 4573(5301) 7201(4442) 6983(4294) 

HSPB1M(MFI) 18844(18799) 17137(9750) 24032(31006) 17741(26257) 17880(16891) 21127(25181) 22538(25722) 

HSPA1APBMC(MFI) 17939(30366) 18613(40478) 15189(24771) 9110(10569) 38191(67615) 15557(105909) 10034(19560) 

HSPA1AL(MFI) 5396(7506) 5070(10789) 5396(5804) 3455(1438) 9806(16262) 3723(3002) 5878(8683) 

HSPA1AM(MFI) 19391(17204) 16904(16925) 22354(13095) 8517(8867) 28999(55993) 19433(10580) 20261(11021) 

Mean fluorescence intensity (MFI). Data are expressed in median (interquartile range). (CD11b, S) and (CD62L, S) refers to the expression of CD11b and CD62L, 
respectively on pro-inflammatory monocytes (CD14+ CD16+) after 100ng/ml LPS stimulation for one hour. Data expressed in the form of a median (interquartile 
range). HSP is the heat shock protein PBMCs peripheral mononuclear cells, (L) Lymphocytes and (M) monocytes.
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Figure 4-8. The difference in expression of HSPB1in lymphocytes between 

perimenopause and postmenopausal women. The difference was analysed using Mann 

Whitney U at significant level P=0.05. * P< 0.05 
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Figure 4-9. The expression of HSPA1A in PBMCs in different BMI groups. The difference 

was checked using Kruskal Wallis at significant level P=0.05. ** indicates P<0.01. 
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Figure 4-10. The expression of HSPA1A in lymphocytes in different BMI groups. The 

difference was checked using Kruskal Wallis level P=0.05. * P< 0.05, **P<0.01. 

 There was a significant increase in the expression of CD11b on the pro-inflammatory 

monocytes (CD14++CD16+) after 100ng /ml LPS stimulation for one hour, 31206 (16531), 

compared to the non-stimulated monocytes, 17366 (10691) p<0.001. On the other side, 

there was a significant reduction in the expression of CD62L in stimulated pro-

inflammatory monocytes, 3536 (4410), compared to non-stimulated monocytes, 9829 

(9875) P<0.001 (Figure 4.11).  
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Figure 4-11. The difference between the expression of CD11b and CD62L in pro-

inflammatory monocytes before and after 100ng/ml LPS stimulation. The differences 

were checked using Mann Whitney U at significant level P<0.05. ***P<0.001. 

4.2.5.1 The association between the circulating level of CLA and CLA isomers and HSPB1 

and HSPA1A on PBMCs 

There was no significant association between the CLA and the expression of HSPA1A on 

PBMCs, monocytes or lymphocytes in the whole population, meanwhile there was a 

significant positive association between c9, t11-CLA and the expression of HSPA1A on 

lymphocytes (R=0.58, p=0.04) in post-menopause women (Figure 4.12), but not on PBMCs 

or monocytes. Additionally, there was no significant association between CLA and its 

isomers and the expression of HSPA1A inside PBMCs, lymphocytes and monocytes in 

premenopausal women. 

 

Figure 4-12. The association between the expression of HSPA1A in lymphocytes and the 
plasma level of c9, t11-CLA. The correlation was tested using Spearman Test at a 
significant level p<0.05. R= correlation coefficient, P is two tail significant value; N is the 
number of women. 

 

R=0.58
P=0.04
N=13

0

2

4

6

8

10

12

0 5000 10000 15000 20000

C
9

, t
1

1
-C

LA
 c

o
n

c.
 µ

g
/m

l

HSPA1A (MFI) in the lymphocytes in post-
menopause women



 

110 
 

Unlike HSPA1A, there was a significant association between c9, t11-CLA and the expression 

of HSPB1 on the PBMCs in all participants (R=0.51, p=0.003) and in premenopausal women 

(R=0.48, p=0.05) (Figure 4.13 A and B). In monocytes, there were strong and significant 

associations between the expression of HSPB1in the monocytes and both c9, t11-CLA (R= 

0.56, p=0.001) and total CLA (R=0.54, p=0.002) in the overall population (Figure 4.13 C and 

D). No significant associations were detected between the expression of HSPB1 in 

lymphocytes in the overall population or when grouping participants according to their 

menopausal age. Additionally, t10, c12-CLA did not show any association with the 

expression of HSPB1 inside the PBMCs, lymphocytes or monocytes in the data of all 

women or any other subgroups.  
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Figure 4-13. The association between the expression of HSPB1 in PBMCs and c9, t11-CLA. The overall population (A) and in the premenopausal 

women (B), the association between the expression of HSPB1 in the monocytes and c9, t11-CLA (C) and total CLA (D) in the overall population. 

The correlations were investigated using Spearman test at significant level p<0.05. R= correlation coefficient, P is two tail significant value; N is 

the number of women.  
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Similar to the monocytes in the whole PBMCs population, there were significant direct 

strong and significant associations between HSPB1 and both c9, t11-CLA (R=0.58, p=0.011) 

and total CLA (R=0.71, p<0.001) in perimenopausal women (Figure 4.14 A and B), 

respectively. However, no significant associations were detected between the expression 

of HSPB1 in lymphocytes in the overall population or when grouping participants according 

to their menopausal age. Additionally, t10, c12-CLA did not show any association with the 

expression of HSPB1 inside the PBMCs, lymphocytes or monocytes in the data of all 

women or any other subgroup. 

 

 

Figure 4-14. The association between the expression of HSPB1 in the monocytes and 

c9, t11-CLA (A) and total CLA (B) in perimenopause women. The association between 

the expression of HSPB1 in the monocytes and c9, t11-CLA (A) and total CLA (B) in 

premenopausal women. The correlations were investigated using Spearman test at 

significant level p<0.05. R= correlation coefficient, P is two tail significant value; N is the 

number of women.  
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4.2.5.2 The association between CLA and the expression of CD11b and CD62L on pro-

inflammatory monocytes (CD14++ and CD16+) 

Total CLA was significantly and inversely associated (R= -0.36, p=0.045) with the expression 

of C11b on pro-inflammatory monocytes (CD14++, CD16+) after 100ng/ml LPS stimulation 

(CD11b, S) in the overall population, (Figure 4.15). 

 

Figure 4-15. The association between the CD11b, s in pro-inflammatory monocytes and 

the total CLA in plasma. CD11b, S. the expression of CD11 b on the pro-inflammatory 

monocytes after 100ng/ml LPS stimulation for one hour. The correlations were 

investigated using Spearman test at significant level p<0.05. R= correlation coefficient, P 

is two tail significant value; N is the number of women.  
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4.3 Discussion  

This study is the first to investigate the association between the circulating level of total 

CLA and the individual CLA isomers and body composition parameters, and lung functions 

and adipokines. This study sought to find if there were associations between the absolute 

plasma level of the total CLA as well as its individual isomer and: 

• Body composition parameters 

• Lung functions 

• Adipokines (leptin and adiponectin) 

• HSPs (HSPA1A, HSPB1) 

• Adhesion molecules (CD11b and CD62L) 

The detected median (IQR) plasma levels of both c9, t11-CLA and t10, c12-CLA in the 

current study were 0.2(1.6) µg/ml and 0.48(0.78) µg/ml, respectively, and they varied 

widely compared to the previously detected value (Petridou et al., 2003). However, to 

compare the circulating level of CLA in the current study with other studies appropriately, 

it might be more convenient to use the mean ±SD. The mean plasma level of c9, t11-CLA 

and t10, c12-CLA were similar to the level detected by Petridou et al. (2003). In the current 

study, the level of c9, t11-CLA was 1.7± 3.4 µg/ml which is similar to c9, t11-CLA (1.4± 1.04 

µg/ml) detected by Petridou et al. (2003) whereas, the level of t10, c12-CLA in the current 

study (0.37± 0.5 µg/ml) was two times  its level in Petridou et al. (2003) (0.17±0.08 µg/ml). 

However, the plasma level of CLA in the current study was 4 times less than the level 

detected by Abdelmagid et al. (2013) in the Canadian cohort. One reason for this could be 

the fact that the CLA level in the plasma was positively associated with the level of CLA 

intakes from diet (Ritzenthaler et al., 2012; Zlatanos et al., 2008). In fact the CLA intakes 

for Canadian is higher, (94.9 ± 40.6 mg/d) (Ens, Ma, Cole, Field, & Clandinin, 2001), than 

the CLA intakes in the UK 68.3 ± 37.9 mg/d quantified by Mushtaq et al. (2010). 

4.3.1 The association between the plasma level of CLA and body composition 

This study demonstrated positive associations between the total CLA concentration and 

body composition markers (BW (R=0.38, p<0.001), BMI (R= 0.44, p<0.001), TBF (R= 0.36, 

p<0.001), %BF (R=0.34, p<0.01) and BMR (R= 0.45, p <0.001). This finding disagrees with 

the findings of several observational studies that reported an inverse association between 

the dietary fat intake (a source of CLA) and obesity markers (Rosell et al., 2004; Smedman, 

Gustafsson, Berglund, & Vessby, 1999; Warensjö et al., 2010). Interestingly, many of these 

studies were conducted in Europe, which limits the possibility of generalising the results 
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of these studies. Additionally, the biological markers used to indicates the dairy fat intake 

in those trials were saturated fatty acids, either Pentadecanoic acid (C15:0) or 

Heptadecanoic acid (C17:0), and not CLA (polyunsaturated fatty acids) or LA as reviewed 

in Kratz et al. (2013). Furthermore, the prior cross-sectional trials did not consider the 

possibility that obese subjects might be more likely to have fat free or low-fat dairy product 

compared to lean subjects as addressed by Kratz et al. (2013). 

This positive  associations with BW in the currents study contradict the previous findings 

by Belury et al. (2003) who found a significant, inverse association between the circulating 

level of CLA and the reduction in BW in subjects with type2 diabetes. On the other side, 

the current study results might go in the same line with the finding of another  

RCT that found no effect of CLA on body composition in perimenopause non-smoking 

women marker after 64 days of 3g/day CLA supplementation (Zambell et al., 2000). These 

inconsistent effects of CLA on body composition markers might raise a debate about the 

idea of using CLA as an anti-obesity supplement in several trials (Colakoglu et al., 2006b; 

Gaullier et al., 2007; Kim, Kim, Kim, & Park, 2016; Onakpoya et al., 2012; Ribeiro et al., 

2016).  

 However, before jumping to this conclusion, there are multiple points that needs to be 

considered: The first point is the fact that the cross-sectional designs of the current study 

do not promote causality (Mann, 2003). The second point is the essentiality to look at the 

association between each individual isomer and body composition, because each isomer 

has a different biological action; for example, c9, t11-CLA proposed as an anti-

inflammatory isomer meanwhile, t10, c12-CLA is the isomer that thought to be responsible 

for the anti-obesity effect of the CLA (Pariza, Park, & Cook, 2001; Xu et al., 2007). The third 

point is the variation among the methodology of these trials including, the study design, 

the variation in the methods of assessing both the CLA and body composition in these 

studies and the characteristics of the tested population. The last point could be the 

potential effect of participants’ metabolic status on the plasma level of CLA. This is 

because, althought Hodge et al. (2007) found that the dietary fatty acids intake was 

positively associated with diabetes risk, where the plasma level of linoleic acid was 

inversely associated with diabetes risk. This raises a question about if the metabolic status 

of our current participants could influence the level of plasma of CLA and its association 

with obesity markers in the current study or not? Answering this question might need 

further investigation by exploring the association between the CLA in plasma and insulin 

resistance and B-cells activities. 
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At individual isomer level and similar to total CLA, there were significant direct associations 

between both total CLA and c9, t11-CLA and most of the obesity markers. This might 

support the evidence that c9, t11-CLA did not have an impact on body weight or body fat 

reduction, while t10, c12-CLA is exclusively responsible or the anti-obesity activity of CLA 

(Pariza, Park, & Cook, 2000). This hypothesis might be supported by the finding in the 

animal module, where c9, t11-CLA was related more to the efficacy of feeding by building 

body muscles (Pariza et al., 2001). However, this was not observed in the current trial, as 

there was a negative association between LBM (kg) and c9, t11-CLA, (R=-0.334, p<0.005), 

but again perhaps the observational design of the current study was the main cause, as 

increasing the LBM was observed by Schoeller et al., 2009 in a previous meta-analysis.   

 Interestingly, upon grouping the participants based on their BMI level, there is a 

significant direct association between the total CLA and c9, t11-CLA and BMI in overweight 

participants (R=0.53, p<0.01, R= 0.6, p<0.01, respectively), but not in normal, obese and 

morbidly obese subjects. This variation might be explained by the fact that the BMI is not 

the best measure to reflect the fat distribution specially in the overweight range (Romero-

Corral et al., 2008) which can be clearly seen in this trial, where overweight subjects had 

an average %BF =27% which is less than 35% that was set to group people as obese based 

on their body fats (Romero-Corral et al., 2008). Therefore, the effect of CLA might depend 

on the fat distribution rather than BMI, as well as the CLA content of the adipose tissue. 

This hypothesis can be evidenced by the demonstrated high level of CLA and c9, t11-CLA 

in obese and morbidly obese subjects compared to normal and overweight subjects in the 

current study (Figure4.3), as well as by the observed high CLA level in the adipose tissue 

compared to the serum in rats (Sugano et al., 1997). This, in turn, could confound the 

results of this relationship. 

 The present study found that WHR was significantly and inversely associated with CLA in 

overweight women (R=-0.43, p=0.023. This suggests that total CLA might able to reduce 

regional obesity, which is supported by the finding of a study (Gaullier et al., 2007) that 

found a significant 2.2% reduction in the WHR after 12week supplementation with CLA of 

women with BMI ranged from 25-32 kg/m2. However, no significant association was found 

between the t10, c12-CLA and WHR in the current study which thought to be the key player 

in an anti-obesity effect of CLA from both animal studies (Park, Storkson, et al., 1999) and 

human studies (Risérus, Vessby, et al., 2004). Unlike WHR, the current study found a 

significant inverse association between the t10, c12-CLA and the TBF (R= 0.42, p= 0.04) in 

overweight women which might complement the 3.8% reduction in the body fats that 
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observed by a study supplemented healthy adults with 4.2g/day CLA for 12 weeks 

(Smedman & Vessby, 2001). On the other side, this negative association between the 

t10,c12-CLA and the TBF, in the current study, might contradicts the significant t10,c12-

CLA dose effect on TBF and %BF that was observed in a trial supplemented t10, c12-CLA in 

a dose ranged from 0.63-2.52g/day to healthy men for 8 weeks (Tricon, Burdge, Kew, 

Banerjee, Russell, Jones, et al., 2004). The prior study showed that the lower dose of t10, 

c12-CLA caused an increase in the fat mass and a reduction in LBM, but the higher dose 

caused the level of CLA to come back to the same values at the baseline, which might 

suggest that CLA needs high doses to start working on the LBM. 

 Since there is inconsistency in the effect of CLA on obesity, which might be due to the 

variation in the gender of participants, obesity level of participants, and supplemented 

isomer. Therefore, the interpretation of the CLA effect on body composition should be 

isomer, gender-specific, and obesity level specific. 

4.3.2 The association between CLA and lung functions 

This study demonstrated a significant direct and moderate association between the c9, 

t11-CLA and the %PEF predicted (R=0.45, p=0.045) in post menopause women, %PEF 

predicted is measuring the highest speed of air exhalation.  In contrast to %PEF predicted, 

the current study did not find a significant association between CLA and other lung 

functions markers. %PEF predicted is a beneficial marker to monitor day by day change in 

asthma symptoms, unlike % FEV1 predicted, which might be beneficial to assess the 

severity of asthma (Pellegrino et al., 2005). Despite, the fact that both %FEV1 predicted 

and %PEF predicted are assessing the lung function, they are poorly associated with each 

other and they are not replacing each other (Giannini et al., 1997). Indeed, this positive 

relationship between c9,t11-CLA and %PEF predicted might propose that CLA could help 

to improve the daily signs of airway hyperresponsive as previously shown by Turpeinen et 

al. (2008), where the authors supplemented subjects with pollen perch allergy with 2 

gm/day of c9, t11-CLA for 8 weeks and found a reduction in coughing and sneezing 

symptoms (Turpeinen et al., 2008). However, the same study did not assess pulmonary 

functions, and it compared the immunity and inflammatory markers in PBMCs before and 

after stimulation with LPS (Turpeinen et al., 2008). Interestingly, a negative, moderate 

association between t10, C12-CLA and %PEF predicted was detected in postmenopause 

(R= -0.44, p= 0.04). This, in turn, might suggest that the effect of c9, t11-CLA on the %PEF 

predicted (R= 0.45, p=0.04) in postmenopausal is mainly due to the anti-inflammatory 

properties of c9, t11-CLA and not the pro-inflammatory effect of t10, c12-CLA. This 
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supported by the evidence found that c9, t11-CLA caused a reduction in airway 

inflammation by suppressing PPAR-γ mRNA expressions in the lung tissues in mice 

(Jaudszus, Krokowski, Möckel, et al., 2008). This assumption was not confirmed in the 

human trial, where 3g /day supplementation with c9, t11-CLA for 12 weeks did not 

improve the asthma symptoms (Jaudszus et al., 2016), perhaps due to the fact that the 

dose/kg in human trial is less than that in animal studies. Additionally, the prior trial did 

not assess %PEF predicted, and the participants were children and adolescents (Jaudszus 

et al., 2016). Moreover, the fact that this association was found in post menopause women 

who have a high risk of reducing lung functions and an increase of respiratory symptoms 

(Real et al., 2008; Triebner et al., 2017) might suggest that c9, t11-CLA could be a useful 

future supplement on poor lung function in postmenopausal women, but that need to be 

addressed in future studies. 

Several observational studies agreed with the direct association between c9, t11-CLA and 

%PEF predicted in the current study. For example, epidemiological studies found that 

omega-6 consumption, including LA, was associated with the risk of developing allergy 

disease and asthma (Bolte et al., 2005; Miles & Calder, 2014). One reason for that is the 

fact that LA is metabolised in the body and producing AA which is a precursor for COX-2 

and lipoxygenase enzyme system responsible of producing thromboxane, prostaglandins 

and leukotrienes, which are directly involved in asthma pathophysiology (Wendell, Baffi, 

& Holguin, 2014). However, as discussed in chapter 1, conjugated forms of CLA compete 

with both LA and AA and reduce the production of this metabolic pathway and its 

subsequent inflammatory markers (Banni, 2002; Yang et al., 2015), which suggests 

improvement of pulmonary functions. This idea is supported by another epidemiological 

evidence where an inverse association was found between ruminant cream and butter 

intakes from diet, and the risk of developing asthma (Waser et al., 2007; Wijga et al., 2003; 

Woods et al., 2003). Woods et al. (2003) explained the association between the full-cream 

milk intake and skimmed milk intake by the fact that some patients with asthma tended 

to reduce their intake from fats and prefer skimmed milk and fat-free dairy product. The 

latter study used an evidence from the clinical trials, where full cream milk 

supplementation had a negative effect on asthma (Haas et al., 1991; Nguyen, 1997). 

An important point that should be considered when looking at the results of our study with 

regard to the lung function is the fact that the majority of the participants in the current 

trial have normal lung functions, ≥80% for all lung functions markers as per CARE (2005). 

So, perhaps if the study would have recruited a wide range of participants with and 
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without abnormal lung functions, more associations could be recognised. Ultimately, the 

association between the CLA and lung function is only seen in %PEF predicted and in post-

menopause, and interestingly, the two isomers oppose each other. However, more 

evidence is required by conducting an interventional trial in a subject with abnormal 

pulmonary functions might help to elucidate the actual effect of CLA on %PEF predicted in 

post menopause women. 

4.3.3 The association between the plasma level of CLA and adipokines. 

The circulating level of t10, c12-CLA in plasma was significantly and inversely associated 

with the leptin level in premenopausal women (R=-0.29, p= 0.05), which agreed with the 

finding in cell culture system (Perez-Matute et al., 2007), animal models (Poirier et al., 

2005), as well as in multiple human trials, where CLA supplementation reduces the level 

of both adiponectin and leptin (Joseph et al., 2011; Zh, Rastmanesh, & Hedayati, 2011). 

This result agreed with the finding of a recent meta-analysis where short-term CLA 

supplementation caused a significant reduction (–1.47 ng/ml, 95% CI; –2.15, –0.79) in 

leptin (Mohammadi-Sartang et al., 2018). However, this was demonstrated only in obese 

subjects with unknown menopausal status. Ayub, Khan, and Syed (2006) found that the 

perimenopause women had 39.7% higher level of leptin compared to postmenopausal in 

Pakistani women, but the same results were not demonstrated in Japanese women as well 

as in the current study (Douchi, Iwamoto, Yoshimitsu, Kosha, & Nagata, 2002). This 

variation could be explained by the difference in fat distribution as well as the variation in 

leptin and adiponectin released in different ethnic group (Mente et al., 2010). This 

negative association between t10 and c12-CLA in the leptin level could be beneficial for 

respiratory disorder when considering leptin as a pro-inflammatory cytokine that is 

involved in the pathophysiology of respiratory disorder (Assad & Sood, 2012; Shin et al., 

2008), as discussed in the first chapter. On the other hand, this negative association did 

not align with promoting satiety hypothesis as a mechanism to reduce body composition 

(Cao et al., 2007), discusses in section1.9.1 (Figure 1.5). However, the later approch might 

be influenced by the presence or abence of leptin resistance.  

Similar to leptin, the current trial demonstrated a negative association between CLA and 

adiponectin in obese (R= -0.56, p= 0.02), and morbidly obese (R= -0.48, p= 0.04) subjects. 

This result go in line with  the findings in primary cultured rat adipocytes (Perez-Matute et 

al., 2007), pancreatic beta cell hyperplasia in the mouse (Poirier et al., 2005), as well as in 

multiple human trials, where CLA supplementation reduces the level of both adiponectin 

and leptin (Joseph et al., 2011; Zh et al., 2011). Joseph et al. (2011), supplemented subjects 
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with BMI≥25 with 3.5 g/day CLA mixture in one group or c9, t11-CLA in another group and 

found  6.5% and 4.1% reduction in the level of adiponectin in each group, respectively 

(Joseph et al., 2011). The higher reduction in adiponectin hat was achieved by CLA mixture 

could be due to the effect of t10, c12-CLA in the CLA mixture which was found to cause 

hyperinsulinemia that was associated with low adiponectin level (Perez-Matute et al., 

2007). On the other hand, our finding contradicts the previously done studies 

(MacRedmond et al., 2010; Norris et al., 2009; Zhao et al., 2009), where CLA 

supplementation of a dose ranges from 3.4-6.4 gm/day for a period ranged from 8- 24 

weeks caused from 0.13%- 37.3% increase in the level of adiponectin compared to the 

baseline but not compared to placebo, reviewed in von Frankenberg et al. (2014). This 

discrepancy in the effect of CLA on adiponectin level might be due to two reasons: the 

variation in the participant’s characteristics in those trials. For example, some trial 

supplemented subjects with type 2 diabetes (Zh et al., 2011),and other studies 

supplemented subjects with hypertension (Zhao et al., 2009), asthma (MacRedmond et 

al., 2010) and postmenopausal women (Norris et al., 2009). The second reason could be 

the variation in the supplemented CLA isomers, reviewed in von Frankenberg et al. (2014). 

Ultimately, reduction of adiponectin is common in obesity, and it is associated with insulin 

resistance (Arita et al., 1999), as well as poor lung function (Shore et al., 2006). Therefore, 

a further potential reduction of adiponectin by CLA might not be required in a subject with 

obesity or subjects with obesity induce pulmonary disorder. A RCT in overweight and 

obese could help to clarify the effect of CLA on both obesity and lung function. 

4.3.4 The association between CLA and CLA isomers and the expression of CD11bs. 

Before looking at the association, it was important to explore the characteristics of the 

immune response in the pro-inflammatory monocyte population (CD14++, CD16+) to an 

immune stimulant like LPS. In a previous research, the increase in CD11b expression and 

the reduction in CD62L on LPS stimulated monocytes were identified as a sign of chronic 

inflammation (Dou, Brunet, Dignat-George, Sampol, & Berland, 1998), meanwhile the 

increase in the expression of both CD11b and CD62L was indicated as an acute immune 

response (Maekawa et al., 1998). This chronic inflammatory response was found to be 

associated with obesity (Cottam, Schaefer, Fahmy, Shaftan, & Angus, 2002; Maekawa et 

al., 1998) and ageing (Hearps et al., 2012). The analysis of the baseline characteristics 

revealed a significant, P<0.001, reduction in the expression of CD62L, 3536 (4410), on 

stimulated pro-inflammatory monocytes (CD14++, CD16+) compared to non-stimulated 

pro-inflammatory monocytes (CD14++, CD16+), 9829 (9875). Additionally, there is a 
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significant, p<0.001, increase in the expression of the CD11b after LPS stimulation, 

31206(16531), compared to non-stimulated monocytes. This indicated as a chronic 

inflammatory response in the study population upon LPS stimulation. However, the 

current study did not demonstrate a difference in this response based on the BMI category 

or based on participants’ age. This is might be because of the small sample size in each sub 

group. 

The current study found a significant inverse association between the circulating level of 

CLA and the expression of the adhesion molecule CD11b on the LPS stimulated pro-

inflammatory monocytes (CD11b, s), (R= -0.36, p= 0.045). High expression of CD11b was 

associated with obesity (Cottam, Schaefer, Fahmy, et al., 2002) and developing 

arteriosclerotic (Sotiriou et al., 2006). Both obesity and atherosclerosis are related to lipid 

storage disorder, and both are sharing several pathophysiologies (Rocha & Libby, 2009). 

Therefore, the inverse association in the current study might suggest that increasing CLA 

in the circulation might decrease the expression of CD11b on monocytes. This is, in turn, 

could reduce the risk of atherosclerosis. This is because treating cytokine-stimulated 

human umbilical vein endothelial cells with t10, c12-CLA demonstrated dose dependent 

inhibition of CD11b/ CD18 expression on cytokines induced monocytes adherence 

(Sneddon, McLeod, Wahle, & Arthur, 2006). This inhibitory action of CLA on CD11b might 

protect developing arthrosclerosis in humans. 

The previous effect could explain the finding of a human trials that supplemented 3 g CLA 

mixture for 8 weeks, and it demonstrated 8% increase in the total HDL (Moloney et al., 

2004). This reduction in the HDL was found to protect against atherosclerosis by getting 

rid of the foam cells that form plaques (Barter, 2005). Furthermore, the same study, found 

a 14.5% reduction in LDL/HDL ratio, which is a predicting marker for atherosclerosis (Hao 

& Friedman, 2014) . However, the same trial failed to demonstrate a reduction in the 

triacylglycerol, which is an important marker for cardiovascular disease (Moloney et al., 

2004). Another study did not show any effect of 12 weeks of CLA supplementation on the 

lipid profile (Smedman & Vessby, 2001). This disagreement among trials might be due to 

the difference in the supplementation duration 8 weeks versus 12 weeks and population 

characteristics healthy overweight versus diabetic obese human in Moloney et al. (2004) 

and Smedman and Vessby (2001), respectively. 

Furthermore, perhaps reducing CD11b and reversing the inhibition of CD62L could be a 

potential strategy to control the chronic inflammation that resulted from obesity. This 
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hypothesis may be supported by the study that found a reduction in CD62L expression on 

monocytes after 3 months of bariatric surgery, which was suggested as an indication for 

improvement of chronic inflammatory status (Cottam, Schaefer, Fahmy, et al., 2002). The 

question remains whether CLA could be a potential food supplement that modulates the 

expression of CD11b and CD62L on LPS stimulated pro-inflammatory monocytes. So, 

conducting an RCT trial that studies the effect of CLA supplementation on the expression 

of CD11b in pro-inflammatory monocytes could be useful to test if the proposed anti-

atherosclerotic mechanism of CLA involving CD11b particularly in a high-risk group such as 

obese and overweight women (Bradshaw, Monda, & Stevens, 2013). 

4.3.5 The association between CLA and the expression of HSPA1A and HSPB1 on 

PBMCs, monocytes and lymphocytes.  

In the current study, the only positive association between the expressions HSPA1A was 

found between the expression of HSPA1A in lymphocytes and the c9, t11-CLA in the 

postmenopausal women, (R=0.58, p=0.04), but not in perimenopause. This might suggest 

a protective effect of c9, t11-CLA against age-related decline in the expression of HSPA1A, 

which has been demonstrated in rats in the aged skeletal muscles, myocardium, lung and 

skin fibroblast in response to thermal stress (Fargnoli, Kunisada, Fornace, Schneider, & 

Holbrook, 1990). However, that was in an animal model. The current study did not reveal 

a significant decline in the expression of HSPA1A between premenopausal and 

postmenopausal women. This might be because the PBMCs in the current study was not 

stimulated by heat as previously done in other studies(Fargnoli et al., 1990). 

 In case of CLA supplementation can increase the expression of HSPA1A, this association 

might suggest a potential protective role of HSPA1A against the demonstrated insulin 

resistance after CLA supplementation that reported in several trials (Risérus, Arner, 

Brismar, & Vessby, 2002; Risérus et al., 2004). This is because overexpression of HSPA1A 

inhibited dephosphorylation of c-Jun amino-terminal kinases (c-JNKs) (Dorion & Landry, 

2002; Meriin et al., 1999) which is commonly elevated in obesity and its inhibition 

improves insulin sensitivity in obese mice (Hirosumi et al., 2002). The finding of De Roos 

et al. (2005) study on Apolipoprotein E knockout mice agree with our finding in morbidly 

obese subjects where they found that c9, t11-CLA but not t10,c12-CLA increased the 

expression of posttranslational forms of HSPA1A in the liver and improved the insulin 

sensitivity. In humans, a crossover randomised control trial found 8.61% and 10.89% 

reduction in the abdominal obesity fats as well as 5.28% and 10.40% decline in the fasting 

blood sugar in men with metabolic syndrome and diabetes, respectively, after using mild 
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electrical stimulation with heat shock for 12 weeks to increase the expression of heat 

shock protein (Kondo et al., 2014). Hence, if CLA can increase the expression of HSPA1A, 

perhaps that could be a potential protective mechanism by which HSPA1A contradicting 

the increase of the insulin resistance which is previously observed by both c9, t11-CLA and 

t10, c12-CLA supplementation.(Risérus, Arner, et al., 2002; Risérus, Ärnlöv, et al., 2004). 

Postmenopausal ages are characterised by hot flashes due to disturbance of the in heat 

regulatory centres in the hypothalamus as a result of oestrogen withdrawal (Archer et al., 

2011). Heat is one of the stimulants for HSPs release; accordingly, this could explain the 

detected higher level of HSPB1 and HSPA1A in postmenopausal women compared to 

premenopausal women in the current trial. HSPB1 is an oestrogen receptor beta -

associated protein, and its overexpression was associated with protection against 

atherosclerosis where there was 15% reduction in the arteriosclerotic lesion in female 

apoE−/−HSPB1 o/e mice compared to apoE−/− mice when fed high-fat diet (Rayner et al., 

2008). The same study found that HSPB1 competes with the oxidised LDL on the blood 

vessels and inhibit their binding to scavenger receptor-A and prevents the formation of 

foam cells and development or atherosclerosis (Rayner et al., 2008). Therefore, the 

detected positive association in the current study between both c9, t11-CLA and total CLA, 

and the expression of HSPB1 in monocytes in the whole population and perimenopause 

population, could suggest that HSPB1 might be involved in CLA lowering mechanism on 

LDL. The previous results are aligned with the finding of a previous meta-analysis which 

found a significant -0.218 mmol/L reduction in the LDL after consuming food enriched with 

CLA (Derakhshande-Rishehri, Mansourian, Kelishadi, & Heidari-Beni, 2015). 

Lipid oxidation is of concern in CLA supplementation trials, where CLA caused 15% increase 

in the excretion of cyclooxygenase-mediated lipid peroxidation (15-ketodihydro-

prostaglandin F2α) in obese men (Risérus, Vessby, et al., 2004). This suggests that 

increasing the intracellular expression HSPA1A might be a protective mechanism against 

CLA induced lipid oxidation because lipid oxidation increases the activity of (COX-2), 

because an inverse association between intracellular HSPA1A and (COX-2) was previously 

observed (Ethridge, Hellmich, DuBois, and Evers (1998). Additionally, the positive 

association between total CLA and intracellular expression of HSPB1 could be due to the 

oxidative stress of CLA where HSPB1 has been found to have an antioxidant activity by 

reducing the level of reactive oxygen species and raising the level of glutathione as well as 

decreasing the level of intracellular iron (Arrigo et al., 2005). However, this assumption 

needs to be confirmed by an RCT. 
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The direct association between the circulating level of plasma CLA and body composition 

in a cross-sectional trial has not been tested before. Cross-sectional design is one of the 

limitations of this study as it does not allow causality between the exposure and the 

measured outcomes, as well as it does not control other confounding factors such as CLA 

intakes. Furthermore, this study has several limitations such as the data about smoking 

was not included which prevents analysing the data based on the smoking status of the 

participants.  The majority of the participants have normal lung functions. Moreover, 

grouping participants based on their menopausal age (51 years old) was done based on 

the average menopause age in the UK (Sarri et al., 2015). Analysis of Inflammatory markers 

was done for 31 cases only, which limit doing further subgroup analysis based on BMI. 

Additionally, this trial was monocentric and gender-specific, which limit the possibility of 

generalising the results. 
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4.4 Conclusion 

CLA in the literature recognised as an anti-obesity supplement and a potential supplement 

for asthma. However, CLA is one of the natural food components that does not have an 

agreed daily requirement or a normal level in plasma. Therefore, a cross-sectional trial 

could be useful to look at the association between the circulating CLA level in plasma and 

obesity marker, and between CLA and lung functions. The level of CLA was influenced by 

two main factors in this trial, which are the menopausal status and the BMI class. The level 

of CLA in the plasma of the current UK population was almost the same as that detected 

in the German population (Petridou et al., 2003), meanwhile, it was less than that detected 

in the Canadian populations (Abdelmagid et al., 2013). This study demonstrated a 

significant positive association between the CLA and c9, t11-CLA isomer and the obesity 

markers, which might raise the debate about using CLA as an anti-obesity supplement. 

However, there was a significant negative association between the WHR and the level of 

total CLA in overweight women, and the t10, c12-CLA and TBF. This finding did not provide 

strong evidence about the effect of CLA or c9, t11-CLA on obesity. Similarly, the influence 

of CLA on lung functions seems to be beneficial for a specific pulmonary function 

parameter, %PEF predicted, and in a specific group, post-menopause, as well as it is isomer 

specific. T10, c12-CLA was associated with leptin reduction in perimenopause women, 

while adiponectin was negatively associated with c9, t11-CLA and CLA in morbidly obese 

and obese, and between CLA and adiponectin in obese subjects. In summary, this cross-

sectional study helped to generate a new hypothesis that needs to be tested by an RCT in 

obese and overweight women. Apparently, this is because several associations between 

CLA and the studied outcomes seem to be isomer specific. Also, these associations were 

influenced by the age and the obesity level of the participants. Hence, an RCT will allow 

clarifying the effect of CLA on obesity, lung functions, as it will provide better control of 

the confounding factors and promote causality. 

 This study might be the first one to look at the association between the expression of the 

adhesion molecules CD11b and CD62L on the pro-inflammatory markers and circulating 

level of CLA. Also, it might be the first study explored the direct association between the 

circulating level CLA and the expression of HSPA1A and HSPB1 in PBMCs. The inverse 

association between CLA and CD11bs and the direct association between both HSPA1A 

and HSPB1 might suggest a beneficial effect of CLA on atherosclerosis. One reason for this 

is the involvement of these inflammatory markers in the pathophysiology of 

atherosclerosis and other obesity-induced complications. CLA has been previously found 
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to modulate lipid profile, so the current finding proposes several hypotheses: (1) CLA might 

possess a positive effect on lipid profile by reducing CD11bs expression on pro-

inflammatory monocytes. (2) CLA can increase the expression of HSPA1A and HSPB1 

improves insulin resistance, and lipid profile in obese and overweight women, (3) CLA 

supplementation increases the expression of HSPB1 and subsequently reducing LDL. 

Testing these hypotheses requires future RCT.   
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Chapter 5 

The effect of 12 weeks CLA supplementation on obesity, lung 

functions, adipokines and inflammation in overweight and 

obese women, randomised double blind control trial
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5. Chapter 5 

5.1 Introduction 

CLA effect on obesity-associated complications was investigated in several studies. These 

complications include diabetes (Eyjolfson, Spriet, & Dyck, 2004a; Risérus, Vessby, et al., 

2004), cardiovascular risk factors (Moloney et al., 2004), inflammation and immunity 

(Albers et al., 2003; Blankson et al., 2000; Tricon, Burdge, Kew, Banerjee, Russell, Grimble, 

et al., 2004). Furthermore, lung functions are one of the biological functions that were 

negatively affected by obesity (Salome, King, & Berend, 2009). This is because obesity is 

putting the body in a chronic inflammatory status (Dou et al., 1998). However, Sideleva et 

al. (2012) found that visceral fats in obese women release adipokines which might be 

responsible for airway reactivity, not a direct airway inflammation (Figure 1.6). 

 There are few studies that have explored the effect of CLA supplementation on the allergy 

and airway hyper-responsiveness. The first study was carried out on participants with 

allergy symptoms in the Birch pollen season (from March to May) (Turpeinen et al., 2008), 

meanwhile, the other studies were carried out in overweight and obese subjects with mild 

to moderate asthma (FEV1≥70%) or exercise induced asthma (MacRedmond et al., 2010; 

Stickford et al., 2011). The RCT conducted in 2008 supplemented 20 subjects with birch 

pollen allergy for 12 weeks with 2g/day c9,t11-CLA, and found a significant improvement 

in participants wellbeing and sneezing compared to placebo (high oleic acid sunflower oil) 

(Turpeinen et al., 2008). Furthermore, the prior study reported a significant ex vivo decline 

in several inflammatory mediators after LPS stimulation of PBMCs (TNF-α, IL-5 and INF-γ). 

Additionally, the immune modulators in this study reported a significant (p= 0.006) 0.1 g/L 

reduction in plasma IgA, granulocyte macrophage colony-stimulating factors and 

eosinophil-derived neurotoxin (Turpeinen et al., 2008). The ex vivo reduction in the 

inflammatory mediator (particularly IL-5, Th2 cytokines) and immune-mediators might 

suggest that increasing the intakes of c9, t11-CLA in mild to moderate subjects with asthma 

could improve asthma control and limit the effect of obesity on asthma. 

In 2010, MacRedmond et al. reported a significant improvement in the airway 

hyperactivity (PCO2 = 6.6 (2.1) mg/mL) in CLA group versus 2.2 (0.7) mg/mL in placebo. The 

same study found 2kg significant weight reduction and a significant 0.5 kg/m2 decrease in 

BMI of overweight and obese patients with mild asthma after supplementation of 15 

participants with 4.5g/day CLA isomers mixture of 50:50 c9, t11-CLA: t10, c12-CLA for 12 
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weeks compared to placebo (4.5g/day olive oil). This finding might add additional evidence 

of the beneficial effect of CLA on airway hyper-responsiveness and improving asthma 

symptoms by reducing obesity and BMI. However, the previous study did not demonstrate 

a significant difference in the level of systemic cytokines between CLA and the control 

group, meanwhile, there was a reduction in leptin/adiponectin ratio in the CLA group. This 

reduction in leptin/adiponectin ratio was previously suggested to negatively regulate 

allergic inflammation (Shore, Terry, Flynt, Xu, & Hug, 2006). In 2011, Stickford, et al. 

demonstrated that the supplementation of 6 mild-moderate exercise induced asthma 

patients with 4.8g/day of CLA isomers mixture of 50:50 c9, t11-CLA: t10, c12-CLA for 8 

weeks did not affect the airway inflammation or hyperpnoea induced bronchoconstriction. 

The previous study might be limited by the short duration of the supplementation (8 

weeks) and the absence of placebo control. Additionally, supplementation with c9, t11-

CLA might produce stronger anti-inflammatory activity compared to the CLA isomers 

mixture of 50:50 c9, t11-CLA: t10, c12-CLA. This assumption might be supported by an RCT 

which reported that 3g /day of c9, t11-CLA supplementation for 12 weeks in children and 

adolescent with asthma caused reduction of ex vivo reduction of IL-4 and INF- γ compared 

to placebo (Jaudszus et al., 2016). This proposes a promising effect of CLA on asthma, 

because IL-4 involved in the pathophysiology of asthma (Gour & Wills-Karp, 2015), as well 

as high INF- γ was associated with a fast decline of lung function in subject with asthma 

(Litonjua et al., 2003). However, Jaudszus et al. (2016) did not demonstrate a reduction of 

these markers compared to placebo, or a direct effect of CLA on lung function assessed by 

%FEV1 compared to placebo. 

In 2016, Ghobadi et al. (2016) demonstrated an improvement of the nutritional status of 

the patients with COPD when they were supplemented with 3.2g/day CLA for 6 weeks. 

However, the prior trial did not look at the effect of CLA on lung functions. 

The limited numbers of human studies that have investigated the effect of CLA on airway 

and hypersensitivity and asthma symptoms differ in the following: (1) supplemented 

isomers (CLA isomer mixture (50:50; c9, t11-CLA: t10, c12-CLA) (MacRedmond et al., 2010; 

Stickford et al., 2011) versus c9, t11-CLA isomer only (Jaudszus et al., 2016; Turpeinen et 

al., 2008). (2) The characteristics of the included participants. Turpeinen et al., (2008) 

included subjects with pollen birch allergy, whereas, MacRedmond et al., (2010) included 

only obese and overweight participant; Stickford, Jonathon et al., 2011 included asthmatic 

with exercise-induced bronchoconstriction; and Jaudszus et al. (2016) included children 

and adolescent. (3) Duration of supplementation that ranged from 8 -12 week. (4) The 
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type of placebo control used in most of CLA randomized control studies either used high 

oleic acid sunflower oil or olive oil and both contained portions of Linoleic acid which might 

be bio-hydrogenated by the bacteria localized in the gastrointestinal tract (Lactobacillus 

acidophilus and Bifidobacterium) into CLA via Vaccinic acid mediation (Benjamin et al., 

2015). 

The cross-sectional design of chapter 4 did not enable the exploration of the real effect of 

CLA on obesity, lung function and inflammation. Additionally, the discrepancy between 

the previously discussed trials made looking at the effects using RCT is essential. Moreover, 

studying the effect of CLA on the inflammation using new approach is one of the aims of 

this trial. The first approach is looking at the effect of CLA on the expression of adhesion 

molecule CD11b and CD62L selectin on the pro-inflammatory monocytes (CD14++ CD16+), 

which is the population responsible for the production of the cytokines (Belge et al., 2002) 

from the PBMCs after LPS stimulation, and it is also considered to be an indicator for the 

chronic inflammation (Cottam, Schaefer, Shaftan, et al., 2002). The second approach is 

looking at the influence of CLA supplementation on the expression of HSPA1A and HSPB1 

in human PBMCs as potential markers for respiratory dysfunctions and insulin sensitivity 

(Aron et al., 1999; Dorion & Landry, 2002; Hacker et al., 2009; Merendino et al., 2002; 

Meriin et al., 1999; Nargesi et al., 2016; Zimmermann et al., 2012). 

5.1.1 General objective  

This trial investigated the effect of 12-week supplementation of 4.5gm/day CLA (50:50, C9, 

t11-CLA: t10c12-CLA) on obesity and lung functions parameters, adipokines and 

inflammation in overweight and obese women compared to placebo.  

5.1.2 Specific objectives  

To measure the effect of CLA supplementation on the obesity markers expressed by BW 

(kg), BMI (kg/m2), waist circumference (cm), hip circumferences (cm), %BF, TBF (kg), LBM 

(kg) and basal metabolic rate Kcal/day. 

To explore the effect of 12 weeks CLA supplementation on pulmonary functions markers 

were measured by spirometers, such as %FEV1 predicted, % FVC predicted, %PEF 

predicted, and %FEV1/ FVC predicted. 

To investigate the effect of 12-week supplementation with CLA on the level of adipokines 

both leptin (ng/ml) and adiponectin (µg/ml). 
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To measure the effect of 12-week CLA supplementation on the inflammatory markers 

using two new approaches  

To investigate the effect of CLA on the expression adhesion molecule CD11b and CD62L on 

pro-inflammatory monocytes (CD14++CD16+). 

To measure the effect of CLA on the expression of stress protein HSPA1A and HSPB1 in 

PBMCs. 

5.1.3 Hypotheses  

The detailed hypothesis is attached in appendix 6. The general hypotheses are stated 

below. 

H1: There is a significant change in body composition in the CLA supplemented group 

compared to the placebo group. 

H0: There is no significant change in body composition in the CLA supplemented group 

compared to the placebo group. 

H2: There is a significant change in lung functions in the CLA supplemented group 

compared to the placebo group. 

H0: There is no significant change in lung functions in the CLA supplemented group 

compared to the placebo group. 

H3: There is a significant change in adipokines in the CLA supplemented group compared 

to the placebo group. 

H0: There is no significant change in adipokines in the CLA supplemented group compared 

to the placebo group. 

H4: there is a significant change in the expression of adhesion molecules on pro-

inflammatory monocytes (CD14++CD16+) after LPS stimulation in the CLA group compared 

to the placebo group. 

H0: there is no significant change in the expression of adhesion molecules on pro-

inflammatory monocytes (CD14++CD16+) after LPS stimulation in the CLA group compared 

to the placebo group. 

H5: there is a significant change in the expression of HSPs on PBMCs in the CLA group 

compared to the placebo group. 
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H0: there is no significant change in the expression of HSPs on PBMCs in the CLA group 

compared to the placebo group. 

5.2  Results  

5.2.1 Study populations and baseline characteristics 

Initially, 66 overweight and obese women were screened for eligibility, and 10 subjects 

denied to participate, 56 participants were consented and randomised. Then, one 

participant dropped out after randomisation, the total number of participants attended 

the first clinic was 55 participants, 38 participants attended the second clinic and 33 

participants completed the whole trial 16 in the CLA group and 17 in the placebo group, 

(Figure 5.1). Approximately, all lung functions markers were normally distributed, while 

the rest of the collected data, such as body composition, adipokines and inflammatory 

markers did not meet the parametric assumptions. Therefore, only lung functions were 

treated as parametric data whilst, the other data were treated as nonparametric data. 

 

Figure 5-1. Study participants, randomisation, allocation and completion  
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9 participants (6 participants in CLA group, and 3 participants in the placebo group) did not 

respond to e-mails, as well as 5 participants who dropped out, 3 participants in CLA group 

and 2 participants in the placebo group. Additionally, one participant in CLA group was 

unable to give blood, and two participants did not complete the study due to side effects: 

one participant in the CLA group because of gastrointestinal discomfort, and another one 

experienced headache in the placebo group. 

 There was no significant association between receiving CLA or placebo and the prevalence 

of dropout upon applying Chi-square test at significant level p<0.05. (p= 0.66, Cramer’s V= 

0.06), in other words, neither receiving CLA nor placebo were related to the dropout of 

the participants. The compliance of participants was assessed from the returned capsules. 

However, 12 participants only brought the empty bottles in the last clinic, 8 in the placebo 

group and 4 in the CLA group. Generally, the average compliance was more than 80% and 

no participant was excluded due to lack of compliance, the average compliance was 85.4% 

in the CLA group, while it was 90.6 % in the placebo group. 

 The mean age of the participants was 43.4± 2.1 years old in CLA and 40.3± 2.4 years old 

in the placebo group, and 67.3 % aged from 20-50 years (perimenopause) while 35.7% 

were from 51-64 years (post menopause). 

 Generally, there was no significant differences in the baseline characteristics between the 

CLA group and the placebo groups, table 5.1. No significant difference was detected 

between the total energy intakes or between macronutrients intake in the CLA and 

placebo group. The plasma level of c9, t11-CLA, t10, c12-CLA and the total CLA did not 

differ significantly at the baseline between CLA and placebo. 

 The average BMI in the CLA group was 34.4± 1.6 kg/m2, while in the placebo it was 33.6± 

1.2 kg/m2. The percentage of recruited women with 25<BMI>30 was 36%; 25.5% was 

30<BMI>35; 21.8% was 35<BMI>40, and 16.4% was with BMI>40 (Figure 5.2). There was 

no difference between the obesity level in CLA and placebo group upon applying Chi-

square test at significant level p<0.05. (p= 0.87, Cramer’s V= 0.87). 
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Figure 5-2. The percentage of each BMI class in the recruited women 

The current study recruited women with %FEV1 predicted ≥70%. All the lung functions of 

the recruited participants were in the predicted normal range as per Consortium (2005), 

where % FEV1≥80 %, %FVC>80% predicted and FEV1/FVC were ≥70% in both CLA and 

placebo group. No significant differences were detected between the pulmonary function 

parameters in CLA group and the placebo group after analysing the homogeneity of 

variance and applying independent t-test at significant level P<0.05, as illustrated in table 

5.1. 

 No significant difference in the average plasma level of leptin between the CLA group 

(15.2± 1.2 ng/ml) and the placebo group (15.4± 1.3 ng/ml). The mean adiponectin in CLA 

(19.8± 1.5 µg/ml) is less than in the placebo (21.2± 1.2 µg/ml). However, the difference 

was not significant (P>0.05) when applying the Mann Whitney U test at significant level 

p<0.05 (Table 5.1). 

 At baseline, the expression of the CD11b and CD62L on the pro-inflammatory monocytes 

(CD14++and CD16+) did not differ significantly between the CLA and placebo group. 

Furthermore, this non- significant difference was kept after stimulating the monocytes 

with 100ng/ml LPS for both CD11b and CD62L. Additionally, there was no detected 

difference between CLA and Placebo group in the expression of both HSPA1A and HSPB1 

inside PBMCs, lymphocytes and monocytes after applying Mann Whitney U test at 

significant level p<0.05 (Table 5.1).  

36%, N= 20

26%, N=14

22%, N= 12

16%, N= 9 25<BMI>30

30<BMI>35

35<BMI>40

BMI>40
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Table 5-1. Baseline characteristic of the participants 

  CLA Placebo   

  N Mean± SEM N Mean± SEM P 

Age (years) 28 43.4± 2.1 27 40.8± 2.3 0.45 

Energy (Kcal/day) 25 1841.3± 170.2 26 1789.1± 98.8 0.78 

Carbohydrate (g/day) 25 137.8± 23.6 26 122.7± 13.6 0.69 

Protein (g/day) 25 80.7± 7.0 26 76.4± 3.4 0.79 

Fat (g) 25 102.9± 13.2 26 108.7± 13.6 0.83 

C9, t11-CLA (µg/ml) 26 1.3± 0.3 24 2.1± 0.5 0.39 

T10, c12-CLA (µg/ml) 26 0.4± 0.1 25 0.5± 0.1 0.60 

CLA (µg/ml) 26 1.7± 0.2 25 2.5± 0.5 0.58 

Body Weight (kg) 28 90.7±4.6 27 88.1± 3.6 0.90 

Body mass index (kg/m2) 28 34.4± 1.6 27 33.6± 1.2 0.94 

Waist Hip ratio  28 0.82± .02 26 0.81± 0.01 0.96 

Lean body mass (kg) 28 50.5± 1.5 27 48.2± 1.3 0.29 

% lean body mass  28 56.4± 1.1 27 55.7± 0.9 0.49 

Total body fat (kg) 28 37.8± 3.1 27 37.3± 2.3 0.82 

%Body fat  28 40.3± 1.1 27 41.5± 1.0 0.29 

Basal metabolic rate (Kcal/ day) 28 1571± 74 27 1582± 46 0.85 

%FEV1 28 98.9± 2.1 26 101.3± 3.1 0.15 

%FVC1 predicted  28 107.2± 1.9 26 106.8± 2.6 0.35 

%PEF predicted  28 102.0± 3.7 26 100.5± 3.4 0.64 

%FEV1/ FVC predicted  28 97.7± 1.5 26 99.5± 1.7 0.90 

Leptin (ng/ml) 26 15.2± 1.2 25 15.4± 1.3 0.94 

Adiponectin (µg/ml) 27 19.8± 1.5 26 21.2± 1.2 0.48 

CD11b (MFI) 10 25447± 5796 11 18195± 2591 0.29 

CD11b stimulated (MFI)  10 47012± 11920 11 31857± 3007 0.40 

CD11b difference (MFI)  10 -21565± 6386 11 -13662± 1485 0.32 

CD62L (MFI)  10 15545± 3465 11 10308± 2144 0.18 

CD62L stimulated (MFI)  10 7523± 1874 11 3088± 678 0.07 

CD62L difference (MFI)  10 8022± 2944 11 7219± 1641 0.94 

HSPA1A in PBMCs (MFI) 14 53854±14277 14 62780± 37104 0.29 

HSPA1A in Lymphocytes (MFI) 14 48869±17620 14 44403± 22634 0.70 

HSPA1A in Monocytes (MFI) 14 8815±1682 14 20935± 13328 0.59 
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HSPB1 in PBMCs (MFI)  14 13832±2410 14 17278± 2717 0.92 

HSPB1 in Lymphocytes (MFI)  14 6143±922 14 6247± 1216 0.26 

HSPB1 in Monocytes (MFI)  14 20250±3137 14 21187± 5385 0.11 

Forced expiratory volume in one second (FEV1), Forced vital capacity (FVC); Peak of flow (PEF); 
Mean fluorescence intensity (MFI), CD11b stimulated refers to the expression of CD11b on pro-
inflammatory monocytes after 100ng/ml LPS stimulation for one hour. CD62L stimulated refers to 
the expression of CD62L on pro-inflammatory monocytes after 100ng/ml LPS stimulation for one 
hour. CD11b difference indicated the difference between the expression of CD11b before and after 
LPS stimulation. CD62L difference indicated the difference between the expression of CD62L before 
and after LPS stimulation. Heat shock protein70 (HSPA1A); Heat shock protein 27 (HSPB1); 
Conjugated linoleic acid (CLA); Standard error of mean (SEM). The difference between CLA group 
and placebo was done for all the markers using Mann Whitney U for nonparametric data, but for 
pulmonary functions independent t-test was used to detect the difference between CLA at 
significant level P<0.05.  

 

5.2.2 The effect of CLA on dietary intakes in overweight and obese women  

The total energy intake in the current trial did not change significantly in the CLA compared 

to the placebo group. However, there was a significant time effect on the energy intake, 

where the energy intakes at week 6 (1797.5± 174 Kcal/day) were significantly higher than 

the energy intakes at week 12 (1449.3± 166 kcal/day) in the CLA group. Similarly, there 

was a significant reduction in the energy intake in the placebo group at week 12 (1465.9± 

118 Kcal/day) compared to week 6 (1908.9± 166 Kcal/day) in the placebo groups. The 

carbohydrate intake was significantly 28% lower at week 12 (145.3± 17 g/day) than in week 

6 (203.2± 18 g/day) in the CLA group but not in the placebo group. A significant effect of 

time on fats intake was also observed, and the close investigation of this effect revealed 

that the fat intake in the placebo group at week 12 (50.5 ± 8.2 g/day) was significantly less 

than that at week 6 (79 ± 8.7 g/day), (Figure 5.3 and Table 5.2). To ensure the validity of 

food analysis, one nutritionist in addition to the researcher analysed one food diary 

independently. and the CV% for total energy intakes, Carbohydrates, protein and fats 

intakes were 2.5%, 6.5%, 1.1% and 1.4%, respectively  
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Table 5-2. The effect of CLA on total energy intakes and macronutrients intakes  

 

 CLA (N=11) Placebo (N=7) Time* Treatment  Time 

 Mean SE Mean SE    

Energy Kcal/day       
Baseline 1509.5 172 1619.8 174.7  0.9 0.03* 

6 Weeks 1797.5a* 174.1 1908.9 b* 166.1    
12 Weeks 1449.3 a* 165.8 1465.9 b* 117.9    
Carbohydrate 
(g/day)      
Baseline 162.6 16.4 172.2 19.9  0.788 0.006** 

6 Weeks 203.2a* 18.1 206.1 20.1    
12 Weeks 145.3a* 17 167.6 18.2    
Protein (g/day)       
Baseline 73.3 8.4 81 8.8  0.508 0.074 

6 Weeks 77.9 7.3 86.9 3.8    
12 Weeks 71.2 8.4 69.5 5.1    
Fats (g/day)       
Baseline 56.9 7.4 61.8 11  0.143 0.038* 

6 Weeks 63.9 9.4 79.1a* 8.7    
12 Weeks 56.1 8.8 50.5a* 8.2    

 Conjugated linoleic acid (CLA). The difference explored using Mixed Design ANOVA test with post 
hock Tukey test with Bonferroni correction at significant level P<0.05. * indicates P<0.05. Similar 
letter indicates significant difference between groups.   
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Figure 5-3. The effect of CLA on energy intake, Carbohydrates and fats. Conjugated 
linoleic Acid (CLA). The difference was explored using mixed design ANOVA test with post 
hock Tukey test with Bonferroni correction at significant level P<0.05. * indicates P<0.05. 
A for total energy intake; B for carbohydrates and C for fats.  
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5.2.3 The effect of CLA on the plasma level of CLA.  

The total CLA concentration in plasma was calculated by adding the plasma concentration 

of c9, t11-CLA and t10, c12-CLA. The plasma level of c9, t11-CLA, t10, c12-CLA, total CLA 

showed no significant time or treatment* time interaction between CLA and placebo 

group.  

 CLA capsules caused a non-significant increase in the plasma level of c9, t11- CLA (1.40± 

0.45 µg/ml) in CLA group at week 6 compared to baseline (0.71± 0.30 µg/ml). By week 12 

the concentration of c9, t11-CLA was non-significantly decreased (1.05± 0.29 µg/ml) 

compared to week 6 but still non-significantly higher than the baseline. The plasma level 

of c9, t11-CLA non-significantly declined through the supplementation duration in the 

placebo group (Table 5.3, Figure 5.4, A). Similarly, total CLA follows the same pattern as 

c9, t11-CLA, where there was a non- significantly elevation of total CLA by week 6 CLA (1.74 

± 0.42 µg/ml) compared to baseline (1.12 ±0.42 µg/ml), followed by a decrease in the total 

CLA by week 12 (1.42± 0.38) (Table 5.3, Figure 5.4, B). Unlike c9, t11-CLA, CLA 

supplementation causes an initial non-significant reduction in t10-c11-CLA plasma level at 

week6 (0.36± 0.09 µg/ml) compared to baseline (0.38± 0.18 µg/ml) followed by a non-

significant increase at week 12 (0.39± 0.19 µg/ml). The level of t10, c12-CLA in the placebo 

was a non-significantly decline at week6 (0.36± 0.08 µg/ml) and week 12 (0.64 ± 

0.18µg/ml) compared to baseline (0.71 ± 0.17 µg/ml) (Table5.3, Figure 5.4, C). 

 The change in plasma level of c9, t11- CLA at week 6, ∆ 6 weeks, (0.69± 0.50 µg/ml) in CLA 

group was about to be significantly P=0.057 higher than in placebo (-0.40± 0.41 µg/ml), 

(Table 5.3). The change in the plasma level of T10, c12-CLA and total CLA at week 6 (∆ 6 

weeks), 12 weeks (∆ 12 weeks), or 12-6 weeks (∆12-6 weeks) were not significant in the 

CLA group compared to placebo (Table 5.3).  
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Table 5-3. The plasma level of CLA isomers and total CLA at different time points  

  N CLA N Placebo Time* treatment Time   CLA Placebo P 

 

 Mean± SEM  Mean± SEM    
Mean± 
SEM 

Mean± 
SEM 

 

C9, t11-CLA µg/ml 
    

     

Baseline 

13 

0.71± 0.30 

12 

1.09± 0.31 

0.179 0.313 

∆ 6 weeks 0.69± 0.50 -0.40± 0.41 0.057 

6 Weeks 1.40± 0.45 0.70± 0.46 ∆ 12 weeks 0.34± 0.29 -0.53± 0.33 0.135 

12 Weeks 1.05± 0.29 0.56± 0.31 ∆12-6 weeks -0.35± 0.24 -0.13± 0.27 0.605 

T10, c12-CLA µg/ml 
 

 
 

  
 

    

Baseline 

12 

0.38± 0.18 

14 

0.71± 0.17 

0.476 0.367 

∆ 6 weeks -0.02± 0.17 -0.36± 0.23 0.738 

6 Weeks 0.36± 0.09 0.36± 0.08 ∆ 12 weeks 0.02± 0.13 -0.07± 0.24 0.797 

12 Weeks  0.39± 0.19 0.64± 0.18 ∆12-6 weeks 0.04± 0.15 0.28± 0.21 0.643 

Total CLA µg/ml 
 

 
 

       

Baseline 

13 

1.12± 0.42 

14 

1.65± 0.40 

0.288 0.985 

∆ 6 weeks 0.62± 0.54 -0.64± 0.56 0.409 

6 Weeks 1.74± 0.42 1.01± 0.41 ∆ 12 weeks 0.29± 0.32 -0.38± 0.56 0.369 

12 Weeks 1.42± 0.38 1.27± 0.36 ∆12-6 weeks -0.32± 0.29 0.26± 0.40 0.174 

Conjugated linoleic acid (CLA).; Standard error of mean (SEM). The total CLA concentration in plasma was calculated by adding the plasma concentration of C9, 
t11-CLA and T10, c12-CLA. Mixed design ANOVA was applied to detect time and Time*treatment interaction at significant level p<0.05. For each marker, similar 
letters indicate a significant difference between the means at the specified time point. * P<0.05. ∆ 6 weeks indicates the difference between the plasma level of 
CLA isomers and total CLA after 6 weeks and baseline; ∆ 12 weeks showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the 
change week 12 and week 6.  The differences between the change in CLA group and placebo were checked using Mann Whitney U at significant level P<0.05. 
Standard error of means (SEM). * P<0.05. 
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Figure 5-4. The plasma level of total CLA and its isomers during 12 weeks CLA 

supplementation in both CLA and placebo groups. (A) C9, t11-CLA, (B) T10, c12-CLA, (C) 

is total Conjugated linoleic acid (CLA). The total CLA concentration in plasma was 

calculated by adding the plasma concentration of c9, t11-CLA and t10, c12-CLA. The 

difference explored using mixed design ANOVA test and post hock Tukey test with 

Bonferroni correction at significant level P<0.05. 

A 

B 
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5.2.4 The effect of CLA on body composition. 

The effect of 12 weeks CLA supplementation on body composition compared to placebo 

at each time points are illustrated in table 5.4. Additionally, the changes in the obesity 

markers from baseline to week 6 (∆6 weeks), from baseline to week 12 (∆ 6 weeks) and 

between week 6 and week 12 (∆ 12- 6weeks) are shown in the same table, table 5.4.  

 Considering within group difference, CLA supplementation for 12 weeks showed a small 

reduction in BW (-0.2± 0.4 kg), BMI (-0.1± 0.2 kg/m2), HC (-0.9± 1.1 cm) and WC (-1.3± 0.5 

cm) at week 12 compared to the baseline in the CLA group table 5.4. However, the decline 

in these markers was not significant P>0.05. Interestingly, there was a significant increase 

in the BW in the placebo group at week 12 (86.0± 15.8 kg) compared to week 6 (85.2± 15.2 

kg), p<0.05 (Figure5.5). 

 Both TBF and %BF showed a significant reduction within-subject in CLA group, where the 

TBF was significantly lower at week 12 (41.4± 3.8 kg) compared to week 6 (42.6± 3.8 kg) 

P<0.05 (Table5.4, Figure 5.6). Similarly, %BF was significantly lower at week 12 (40.0± 1.7) 

compared to %BF at baseline (41.8± 1.5) and at week6 (41.5± 1.6), P<0.05, (Figure 5.7, 

Table 5.4). Unlike, TBF and %BF, both CLA and placebo did not show any within subject 

effects on LBM or BMR as shown in table 5.4. 

 Considering between-subject effects, the LBM at week 12 in the CLA group (52.4± 1.9 kg) 

was significantly higher than that in the placebo (46.4± 2.0 kg), p< 0.05 (Table 5.4, Figure 

5.8). In addition, the BMR was significantly higher in the CLA group (1714.5± 72.3/ 

kcal/day) at week 12 compared to the placebo (1500.1± 72.3, kcal/day) (Table 5.4, Figure 

5.9).  
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Table 5-4. The effect of 12 weeks CLA supplementation on body composition in overweight and obese women over 3 different time points. 

 
CLA  

 
Placebo Time* Treatment Time 

 
CLA Placebo 

 

 
N Mean± SEM N Mean± SEM 

   
Mean± SEM Mean± SEM P 

Body weight (kg) 
          

Baseline 16 95.8± 30.2 17 85.2± 15.3 0.034* 0.61 ∆ 6 weeks -0.1± 0.3 -0.1± 0.3 0.84 

6 Weeks 
 

96.0± 30.3 
 

85.2± 15.2a* 
  

∆ 12 weeks -0.2± 0.4 0.5± 0.5 0.13 

12 weeks 
 

95.6± 29.7 
 

86.0± 15.8a* 
  

∆12-6 weeks -0.2± 0.3 0.6± 0.4 0.05* 

Body mass index (kg/m2) 
          

Baseline 16 36.5±2.0 17 32.5±1.9 0.279 0.27 ∆ 6 weeks 0.0± 0.1 -2.0± 1.3 0.37 

6 Weeks 
 

36.5±2.4 
 

30.5±2.3 
  

∆ 12 weeks -0.1± 0.2 -1.0± 1.3 0.25 

12 weeks 
 

36.4±2.1 
 

31.6±2.1 
  

∆12-6 weeks -0.1± 0.1 1.0± 1.9 0.07 

Hip circumference (cm) 
          

Baseline 14 124.2± 4.5 16 114.7± 4.2 0.677 0.33 ∆ 6 weeks -0.4± 0.6 -1.4± 1.7 0.41 

6 Weeks 
 

123.9± 4.7 
 

112.8± 4.4 
  

∆ 12 weeks -0.9± 1.1 -0.1± 0.5 0.07 

12 weeks 
 

123.4± 4.8 
 

114.3± 4.5 
  

∆12-6 weeks -0.5± 0.6 1.4± 2.0 0.35 

Waist circumference (cm) 
          

Baseline 14 98.8± 3.9 15 93.2± 3.8 0.035 0.58 ∆ 6 weeks -0.1± 0.5 -0.7± 0.6 0.63 

6 Weeks 
 

98.8± 4.0 
 

92.5± 3.9 
  

∆ 12 weeks -1.3± 0.5 -1.2± 0.7 0.68 

12 weeks 
 

97.8± 3.8 
 

92.1± 3.7 
  

∆12-6 weeks -1.2± 0.4 -0.4± 0.6 0.35 

Lean body mass (kg) 
          

Baseline 16 51.3± 2.0 15 46.0± 2.0 0.414 0.03* ∆ 6 weeks -0.1± 0.4 -0.1± 0.3 0.92 

6 Weeks 
 

51.2± 2.0 
 

46.0± 2.0 
  

∆ 12 weeks 1.1± 0.6 0.2± 0.5 0.64 
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12 weeks 
 

52.4± 1.9a* 
 

46.4± 2.0a* 
  

∆12-6 weeks 1.2± 0.6 0.3± 0.4 0.13 

% Lean body mass 
          

Baseline 16 55.3± 1.5 15 56.6± 1.5 0.83 0.52 ∆ 6 weeks -0.1± 0.3 0.0± 0.2 0.80 

6 Weeks 
 

55.1± 1.4 
 

56.6± 1.5 
  

∆ 12 weeks 0.3± 0.6 0.1± 0.3 0.53 

12 weeks 
 

55.6± 1.4 
 

56.9± 1.5 
  

∆12-6 weeks 0.4± 0.6 0.1± 0.3 0.29 

Total body fat (kg) 
          

Baseline 16 41.8± 3.9 16 34.4± 3.9 0.131 0.24 ∆ 6 weeks 0.6± 0.6 -0.1± 0.2 0.56 

6 Weeks 
 

42.6± 3.8a* 
 

34.3± 3.8 
  

∆ 12 weeks -0.4± 0.7 -0.1± 0.2 0.47 

12 weeks 
 

41.4± 3.8a* 
 

34.4± 3.8 
  

∆12-6 weeks -1.0± 0.5 0.1± 0.2 0.04* 

%Body fat 
          

Baseline 16 41.8± 1.5a* 16 40.5± 1.5 0.108 0.02* ∆ 6 weeks -0.4± 0.6 -0.1± 0.2 0.64 

6 Weeks 
 

41.5± 1.6b* 
 

40.5± 1.6 
  

∆ 12 weeks -1.7± 0.8 -0.2± 0.3 0.13 

12 weeks 
 

40.0± 1.7a*, b* 
 

40.2± 1.7 
  

∆12-6 weeks -1.4± 0.7 -0.2± 0.3 0.10 

Basal metabolic rate (Kcal/ 
day) 

          
Baseline 15 1701± 73 15 1501± 101 0.553 0.68 ∆ 6 weeks -1.9± 10.3 -0.8± 7.1 0.45 

6 Weeks 
 

1699± 73 
 

1502± 73 
  

∆ 12 weeks 15.3± 11.9 0.1± 18.2 0.56 

12 weeks 
 

1714± 72a* 
 

1500.1± 72a* 
  

∆12-6 weeks 7.3± 12.2 1.0± 17.6 0.24 

 All the values expressed in mean± SEM. Mixed design ANOVA applied was applied to detect time and Time*treatment interaction at significant level p<0.05. 
For each marker, similar letters indicate a significant difference between the means at the specified time point. * P<0.05. The change in body weight after the 6 
weeks of CLA supplementation compared to baseline (∆ 6w-Baseline); the difference in body weight after the 12weeks of CLA supplementation compared to 
baseline (∆ 12w-Baseline); the difference in body weight after 12 weeks and at 6 weeks of CLA supplementation (∆ 12w-6W). The differences between the 
change in CLA group and placebo were checked using Mann Whitney U at significant level P<0.05. Standard error of means (SEM). * P<0.05. 
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Figure 5-5. The effect of 12-week supplementation of CLA on the body weight in 
overweight and obese women. Conjugated linoleic acid (CLA). The difference was 
explored using Mixed Design ANOVA test with post hock Tukey test and Bonferroni 
correction at significant level P<0.05. * indicates P<0.05. 
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Figure 5-6. The effect of 12- week supplementation of CLA on Total Body Fats (TBF) in 
overweight and obese women. Conjugated linoleic acid (CLA). The difference was 
explored using Mixed Design ANOVA test with post hock Tukey test and Bonferroni 
correction at significant level P<0.05. * indicates P<0.05.  
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Figure 5-7. The effect of 12- week supplementation of CLA on %body fats (%BF) in 
overweight and obese women. Conjugated linoleic acid (CLA). The difference was 
explored using Mixed Design ANOVA test with post hock Tukey test and Bonferroni 
correction at significant level P<0.05. * indicates P<0.05. 
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Figure 5-8. The effect of 12-week supplementation of CLA on Lean body mass (LBM) in 
overweight and obese women. Conjugated linoleic acid (CLA). The difference was 
explored using Mixed Design ANOVA test with post hock Tukey test and Bonferroni 
correction at significant level P<0.05. * indicates P<0.05. 
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Figure 5-9. The effect of 12-week supplementation of CLA on the basal metabolic rate 
kcal/kg (BMR) in overweight and obese women. Conjugated linoleic acid (CLA). The 
difference was explored using Mixed Design ANOVA test with post hock Tukey test and 
Bonferroni correction at significant level P<0.05. * indicates P<0.05. 

 

The increase in the BW at week 12 compared week 6 (∆12-6 weeks) in the placebo group 

(0.6± 0.4 kg) was significantly higher than that in the CLA group (-0.2± 0.3 kg), p<0.047 

(Table 5.4, Figure 5.10, A). Similarly, the reduction in the TBF between week 6 and week 

12 in the CLA was (-1.0± 0.5 kg) significantly higher than the placebo (0.1± 0.2 kg, p=0.035) 

(Table 5.4 and Figure 5.10, B).  
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Figure 5-10. The change in (A) the Body weight and (B) total body fat at different time 
points. ∆ 6 weeks indicates the difference between 6 weeks and baseline; ∆ 12 weeks 
showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the 
change between the body weight between week 12 and week 12. The difference was 
explored using Mann Whitney U at significant level P<0.05. * indicates P<0.05.  
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5.2.5 The effect of CLA on the lung functions  

A significant interaction was detected between time and treatment for % FVC predicted, 

(Table 5.5). Most lung functions were not affected by CLA supplementation. The %PEF 

predicted was significantly (p<0.05) higher in the placebo group (109.1± 4.8) compared to 

CLA (93.2± 4.8) group, (Table 5.5 and Figure 5.11). There was no significant difference 

observed in subjects at different time points for all the lung functions as shown in table 

5.5. 

 CLA supplementation for 12 weeks did not affect the pulmonary functions. It has been 

observed that %FEV1/ FVC predicted in the placebo group (102.7± 1.8) was higher than in 

the CLA group (94.8± 1.8). These significant differences were extended throughout the 

trial at week 6 and at week 12 (Table 5.5). Therefore, it would be more relevant to look at 

the change in theses marker at different time points, week 6 and week 12 to investigate 

the effect of CLA on %PEF predicted, %FEV1predected, and %FEV1/ FVC predicted (Table 

5.5). However, CLA and placebo did not show a difference between the changes in any in 

the lung functions as shown in table-5.5 
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Figure 5-11. The effect of 12weeks supplementation of CLA on %peak of flow predicted 

(ml). Conjugated linoleic acid (CLA). The difference was explored using Mixed Design 

ANOVA test with post hock Tukey test with Bonferroni correction at significant level 

P<0.05. * indicates P<0.05. 
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Table 5-5. The effect of 12 weeks CLA supplementation on the lung functions 

    CLA   Placebo       CLA Placebo   

 
N Mean± SEM N Mean± SEM Time* treatment TIME 

 
Mean± SEM Mean± SEM P 

%FEV1 predicted 
          

BASELINE 15 94.9± 2.9 15 103.5± 2.9 0.09 0.66 ∆ 6 weeks -2.28± 2.53 0.27± 1.67 0.42 

6 WEEKS 
 

92.5± 3.3 
 

103.8± 3.3 
  

∆ 12 weeks 0.63± 5.09 -2.00± 2.10 0.65 

12 WEEKS 
 

95.5± 4.7 
 

101.5± 4.7 
  

∆12-6 weeks 2.91± 3.20 -2.27± 1.19 0.15 

%FVC predicted 
          

BASELINE 15 105.5± 3.1 15 105.7± 3.1 0.04* 0.80 ∆ 6 weeks -2.47± 2.94 -5.53± 7.00 0.688 

6 WEEKS 
 

102.9± 2.9 
 

106.8± 2.9 
  

∆ 12 weeks 1.44± 5.04 -1.87± 2.81 0.58 

12 WEEKS 
 

107.1± 4.1 
 

103.9± 4.1 
  

∆12-6 weeks 3.91± 3.11 3.67± 7.06 0.98 

%PEF predicted 
      

%PEF predicted  
   

BASELINE 15 93.1± 4.5 15 103.0± 4.5 0.44 0.13 ∆ 6 weeks 0.03± 3.51 6.07± 3.93 0.26 

6 WEEKS 
 

93.2± 4.8 a* 
 

109.1± 4.8 a* 
  

∆ 12 weeks 4.06± 3.44 5.47± 3.92 0.79 

12 WEEKS 
 

97.6± 4.1 
 

108.5± 4.1 
  

∆12-6 weeks 4.03± 2.84 -0.60± 2.42 0.23 

%FEV1/FVC predicted  
      

%FEV1/ FVC predicted  
   

BASELINE 14 94.8± 1.8 a** 15 102.7± 1.8 a** 0.54 0.58 ∆ 6 weeks -0.31± 0.85 -0.93± 1.00 0.64 

6 WEEKS 
 

94.4± 1.6 b** 
 

101.8± 1.5 b** 
  

∆ 12 weeks -1.25± 1.12 -0.13± 1.58 0.57 

12 WEEKS   93.4± 1.9 c**   102.6± 1.8 c**     ∆12-6 weeks -0.94± 0.72 0.80± 1.32 0.25 

Forced expiratory volume in one second (FEV1), Forced vital capacity (FVC); Peak of flow (PEF); Conjugated linoleic acid (CLA). All the values expressed in mean± 
SEM. Mixed design ANOVA was applied to detect time and Time*treatment interaction at significant level p<0.05. For each marker, similar letters indicate a 
significant difference between the means at the specified time point, or groups. * P<0.05, **P<0.01. ∆ 6 weeks indicates the difference between body weight 
after 6 weeks and baseline; ∆ 12 weeks showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the change between the body 
weight between week 12 and week 12. The difference explored using Independent t-test at significant level P<0.05.  
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5.2.6 The effect of CLA on adipokines  

CLA supplementation for 12 weeks showed a non-significant (p>0.05) decline in the plasma 

level of leptin after 12 weeks (14.8± 2.0 ng/ml) compared to the baseline (17.5± 1.5 ng/ml). 

However, in the placebo group, the leptin level in plasma at week 12 (16.0± 1.9ng/ml) was 

non-significantly higher than at baseline (15.6± 1.4 ng/ml), (Table5.6, Figure 5.12, A).  

 Upon applying Mixed design ANOVA, there were no significant time* treatment 

interaction or time effect between the plasma level of adiponectin in the CLA and the 

placebo group. There was an elevation in the level of adiponectin at week 6 (19.5± 1.9 

µg/ml) and week 12 (18.4± 1.7 µg/ml) compared to the baseline (21.7± 1.8 µg/ml) in the 

placebo group. However, this reduction was not significant, p>0.05. Unlike the placebo 

group, the adiponectin level in CLA group showed an initial increase in the adiponectin 

level after 6 weeks (24.0± 1.9 µg/ml) compared to the baseline (22.5± 1.8 µg/ml) placebo, 

then adiponectin started to reduce at week 12 (21.0± 1.7µg/ml). However, these changes 

were not significant P>0.05 (Table 5.6, Figure 5.12, B).  
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Table 5-6. The effect of 12 weeks of CLA supplementation adipokines  

  
CLA 

 
Placebo 

   
CLA Placebo 

 

 
N Mean± SEM N Mean± SEM Time* Treatment Time 

 
Mean± SEM Mean± SEM P 

Leptin (ng/m)  
          

Baseline  13 17.5± 1.5 14 15.6± 1.4 0.284 0.679 ∆ 6 weeks 0.3± 2.1 -0.9± 1.3 0.662 

6 Weeks 
 

17.8± 1.7 
 

14.8± 1.6 
  

∆ 12 weeks -2.7± 2.2 0.4± 2.0 0.308 

12 weeks  
 

14.8± 2.0 
 

16.0± 1.9 
  

∆12-6 weeks -3.0± 2.4 1.3± 1.6 0.145 

Adiponectin (µg/ml)  
          

Baseline  14 22.5± 1.8 14 21.7± 1.8 0.537 0.287 ∆ 6 weeks 1.5± 2.5 -2.1± 2.3 0.198 

6 Weeks 
 

24.0± 1.9 
 

19.5± 1.9 
  

∆ 12 weeks -1.6± 2.4 -3.2± 1.8 0.55 

12 weeks  
 

21.0± 1.7 
 

18.4± 1.7 
  

∆12-6 weeks -3.1± 2.5 -1.1± 2.2 0.646 

Conjugated linoleic acid (CLA). All the values expressed in mean± SEM. ∆ 6 weeks indicates the difference between body weight after 6 weeks and baseline; ∆ 
12 weeks showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the change between the body weight between week 12 and 
week 12. The differences between the change in CLA group and placebo were checked using Mann Whitney U at significant level P<0.05. Standard error of 
means (SEM). * P<0.05. The differences between CLA and placebo was checked using mixed design ANOVA with Post hock test and considering Bonferroni 
correction.  



 

153 
 

B
a se lin

e

6  w
e e k s

1 2  W
e e k s

0

1 0

2 0

3 0

L
e

p
ti

n
 c

o
n

c
 n

g
/

m
l

C L A  (1 3 )

P la c e b o  (1 4 )

 

B
a se lin

e

6  w
e e k s

1 2  W
e e k s

0

1 0

2 0

3 0

4 0

A
d

ip
o

n
e

c
ti

n
 c

o
n

c
e

n
tr

a
ti

o
n


g
/

m
l

C L A  (1 4 )

P la c e b o  (1 4 )

 

Figure 5-12. The effect of CLA supplementation on the plasma level of (A) leptin and (B) 
adiponectin after 12 weeks. Conjugated linoleic acid (CLA). The difference was explored 
using Mixed Design ANOVA test with post hock Tukey test with Bonferroni correction at 
significant level P<0.05. 

 

 The increase in the leptin level at week 6 (∆ 6 weeks) in CLA (0.3± 2.1 ng/ml) was non- 

significantly higher than that in placebo (-0.9± 1.3 ng/ml). This was followed by a non-

significant reduction of leptin level between 6 and 12 in CLA group (-2.7± 2.2 ng/ml) and 

an increase in leptin level in the placebo group (0.4± 2.0 ng/ml) (Table5.6, Figure5.13, A). 

Similar to leptin, the change at week 6 was higher in CLA group than in the placebo group.  

Then, the adiponectin level started declining between week 6 and week 12(∆12-6 weeks) 

in both CLA (-3.1± 2.5 µg/ml) group, and Placebo (-1.1± 2.2 µg/ml). All the previous changes 

between CLA and placebo group were non-significant, (Table 5.7, Figure5.13, B). 

A 
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Figure 5-13. The change in(A) leptin and (B) adiponectin level at different time points. ∆ 
6 weeks indicates the difference between 6 weeks and baseline; ∆ 12 weeks showed the 
difference between the baseline and week 12 while ∆12-6 weeks refers to the change 
between plasma level of leptin between week 12 and week 6. The difference between CLA 
and placebo were detected using Mann Whitney U at significant level P<0.05.  
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5.2.7 The effect of CLA on the expression of adhesion molecules on pro-

inflammatory monocytes  

Mixed design ANOVA, for CD11b did not show a significant time*group interaction or time 

effect between CLA and placebo, P>0.05 (Table 5.7). In addition, there was no significant 

difference between CLA and placebo P>0.05 or within subjects of the same group in the 

expression of CD11b on pro-inflammatory monocytes (CD14++, CD16+) (Belge et al., 2002), 

both before and after 100ng/ml LPS stimulation. Additionally, the difference in CD11b 

expression before and after stimulation, which reflected the immune response did not 

show a significant difference at a different time point in the same group P>0.05, or 

between groups. Time *group interaction and time effect of CLA on the expression of 

CD62L on pro-inflammatory monocytes before and after LPS stimulation compared to 

placebo were non-significant. Similarly, the difference in the expression before and after 

stimulation was non-significant >0.05. Between subjects’ effect showed a significantly 

higher level of CD62L expression after LPS stimulation at baseline in CLA group than in 

placebo group, P<0.01 (Table 5.7), which makes looking at the change will be more 

relevant. 

 The change in the expression of CD11b,s after the stimulation at week 12 compared to 

the baseline (∆ 12 weeks) was significantly lower in CLA (-18482± 12711) than in placebo 

(20518± 13771), p <0.05 (Table 5.8, figure 5.14). At week 6 (∆ 6 weeks), there was a 

significant increase in the difference between the CD11b expression before and after LPS 

in CLA group (50623± 37525) compared to placebo (-7262± 6248), p<0.05, (Table 5.8, 

Figure 5.15). There was an observed significant increase in the expression of CD62L after 

stimulated with LPS in the placebo (38905± 37670) group compared to CLA (36143± 

43769) group, P< 0.05, after 6 weeks compared to the baseline (∆ 6 weeks) (Table 5.7, 

Figure 5.15). 
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Table 5-7. The effect of 12 weeks CLA supplementation on the expression of CD11b and CD62L on the pro-inflammatory monocytes before 
and after 100ng/ml LPS stimulation for one hour at 37 °C 

 
CLA(N=7) (Placebo N=8) 

   
CLA(N=7) (Placebo N=8) 

 

 
Mean± SEM Mean± SEM Time* Treatment Time 

 
Mean± SEM Mean± SEM P 

CD11b (MFI) 
        

Baseline 29593± 5843 19759± 5466 0.167 0.627 ∆ 6 weeks 28329± 46778 1675± 7340 0.247 

6 Weeks 57921± 29182 21434± 27297 
  

∆ 12 weeks -6429± 7615 20452± 12397 0.083 

12 Weeks 23164± 9448 40211± 8838 
  

∆12-6 weeks -34757± 43094 18777± 13049 0.355 

CD11b stimulated (MFI) 
        

Baseline 4616± 11409 34026± 10673 0.139 0.708 ∆ 6 weeks -22294± 17234 8936± 12439 0.165 

6 Weeks 32322± 8767 42962± 8201 
  

∆ 12 weeks -18482± 12711a* 20518± 13771a* 0.049 

12 weeks 36134± 12426 54544± 11624 
  

∆12-6 weeks 3812± 9175 11582± 17021 0.563 

CD11b change (MFI) 
   

  
   

Baseline 25023± 6223 -14267± 5821 0.111 0.198 ∆ 6 weeks 50623± 37525a* -7262± 6248a* 0.028 

6 Weeks 25600± 27930 -21529± 26127 
  

∆ 12 weeks 12053± 7721 -66± 8423 0.247 

12 weeks -12970± 7678 -14333± 7182 
  

∆12-6 weeks -38570± 42905 7196± 9470 0.563 

CD62L (MFI) 
        

Baseline 17712± 3828 10120± 3581 0.331 0.417 ∆ 6 weeks 50912± 57743 93587± 88151 0.105 

6 Weeks 68624± 80284 103707± 75098 
  

∆ 12 weeks -4124± 4092 5530± 5117 0.203 

12 weeks 13588± 3894 15650± 3642 
  

∆12-6 weeks -55036± 55161 -88058± 91182 0.728 

CD62L stimulated (MFI) 
        

Baseline 9901± 1566a** 3294± 1465a** 0.577 0.233 ∆ 6 weeks 36143± 43769a* 38905± 37670a* 0.049 
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6 Weeks 46044± 41821 42199± 39120 
  

∆ 12 weeks 8± 3589 4367± 1804 0.064 

12 weeks 9910± 3161 7661± 2957 
  

∆12-6 weeks -36135± 44290 -34538± 38218 0.563 

CD62l Change (MFI) 
        

Baseline 7811± 3292 6825± 3079 0.484 0.507 ∆ 6 weeks 14769± 14333 54683± 50508 0.908 

6 Weeks 22580± 41803 61508± 39103 
  

∆ 12 weeks -4132± 3771 1163± 4993 0.563 

12 weeks 3678± 4399 7988± 4115 
  

∆12-6 weeks -18901± 11548 -53520± 53095 0.355 

Mean fluorescence intensity (MFI), CD11b stimulated refers to an expression of CD11b on pro-inflammatory monocytes after 100ng/ml LPS stimulation for one 
hour. CD62L stimulated refers to an expression of CD62L on pro-inflammatory monocytes after 100ng/ml LPS stimulation for one hour. CD11b difference 
indicated the difference between the expression of CD11b before and after LPS stimulation. CD62L difference indicated the difference between the expression 
of CD62L before and after LPS stimulation. All the values expressed in mean± SEM. ∆ 6 weeks indicates the difference between body weight after 6 weeks and 
baseline; ∆ 12 weeks showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the change between the body weight between week 
12 and week 12. The differences between the change in CLA group and placebo were checked using Mann Whitney U at significant level P<0.05. Standard error 
of means (SEM). The differences between CL and placebo was checked using mixed design ANOVA with Post hock test and considering Bonferroni correction.  * 
P<0.05, **P<0.01. Similar letters indicate significant differences between groups. 
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Figure 5-14. The change in the expression of CD11b when stimulated with 100ng/ml 

LPS on the pro-inflammatory monocytes. ∆ 6 weeks indicates the difference between 

the plasma level of after 6 weeks and baseline; ∆ 12 weeks showed the difference 

between the baseline and week 12 while ∆12-6 weeks refers to the change between 

plasma level of leptin between week 12 and week 6. The difference between CLA and 

placebo were detected using Mann Whitney U at significant level P<0.05. *P<0.05. 
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Figure 5-15. The change in the difference of CD11b before and after stimulated with 
100ng/ml LPS on the pro-inflammatory monocytes. ∆ 6 weeks indicates the difference 
between the change in CD11b expression before and after expression after 6 weeks and 
baseline; ∆ 12 weeks showed the difference between the baseline and week 12 while ∆12-
6 weeks refers to the change between week 12 and week 6. The difference between CLA 
and placebo were detected using Mann Whitney U at significant level P<0.05. *P<0.05. 
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Figure 5-16. The change in the expression of CD62L when stimulated with 100ng/ml LPS 
on the pro-inflammatory monocytes. ∆ 6 weeks indicates the difference between the 
plasma level of CD62L after 6 weeks and baseline; ∆ 12 weeks showed the difference 
between the baseline and week 12 while ∆12-6 weeks refers to the change between 
plasma level of leptin between week 12 and week 6. The difference between CLA and 
placebo were detected using Mann Whitney U at significant level P<0.05. *P<0.05. 

 

5.2.8 The effect of CLA on the expression of HSPA1A and HSPB1 on PBMCs 

Applying mixed design ANOVA showed a non-significant effect of time (Table 5.9). There 

was no significant interaction between time* treatment group in the expression of 

HSPA1A in PBMCs, monocytes and lymphocytes. However, upon excluding a result of one 

participant results as it was very high on both clinics in the placebo group, there was a 

significant reduction in the expression of HSPA1A in PBMCs at week 12 (10300±2027) 

compared to the baseline (55801± 19437), P=0.02, (Figure 5.17). Similar reduction pattern 

was detected in the expression of HSPA1A in the lymphocytes between week 12 (4266± 

690) compared to baseline (8954± 2292), however, it was not significant (Figure 5.18, 

Table 5.8). Twelve weeks CLA supplementation did not demonstrate any significant 

change in the level of HSPA1A expression in monocytes, P>0.05, (Table 5.8). In addition, 

there were no detected difference between or within-subject effect of CLA on the 

expression of HSPB1 inside the PBMCs. The changes in the expression of both HSPA1A and 

HSPB1 inside the PBMCs in both CLA and placebo at each time point were not significant 

P>0.05, (Table5.8). 
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Table 5-8. The Change in the expression of HSPA1A and HSPB1 inside PBMCs after 12 weeks of CLA supplementation 

  CLA(N=10) Placebo(N=10)       CLA(N=10) Placebo(N=10)   
 

Mean± SEM Mean± SEM Time* Treatment Time 
 

Mean± SEM Mean± SEM P values 

HSPA1A in PBMCs  
        

Baseline 55801± 19437a* 66162± 51461 0.467 0.128 ∆ 6 weeks -35445± 21087 4646± 4360 0.265 

6 Weeks 20356± 4609 70808± 51305 
 

∆ 12 weeks -45501± 19426 -53783± 52523 0.899 

12 Weeks 10300± 2027a* 12379± 3256 
 

∆12-6 weeks -10056± 4711 -58429± 52304 0.971 

HSPA1A in Lymphocytes 
        

Baseline 8954± 2292 26631± 18598 0.478 0.192 ∆ 6 weeks -3612± 2333 -11510± 12546 0.701 

6 Weeks 5342± 553 15121± 6708 
 

∆ 12 weeks -4689± 2004 -21593± 18775 0.860 

12 weeks 4266± 690 5038± 1086 
 

∆12-6 weeks -1077± 892 -10083± 7009 0.529 

HSPA1A in Monocytes 
        

Baseline 44738± 22051 54835± 31480 0.834 0.154 ∆ 6 weeks -21007± 24005 -31694± 35217 0.427 

6 Weeks 23730± 5862 23141± 9237 
 

∆ 12 weeks -29581± 21766 -38023± 32733 0.297 

12 weeks 15157± 2987 16812± 4175 
 

∆12-6 weeks -8573± 6810 -6329± 6997 0.971 

HSPB1in Lymphocytes 
        

Baseline 12463± 1873 17618± 3704 0.75 0.103 ∆ 6 weeks 6821± 4584 3125± 6580 0.210 

6 Weeks 19284± 4035 20743± 5057 
 

∆ 12 weeks -40± 1992 -4817± 4008 0.494 

12 weeks 12423± 2369 12801± 1231 
 

∆12-6 weeks -6861± 5133 -7941± 4344 0.631 

HSPB1 in PBMCs 
        

Baseline 6267± 1210 7099± 1632 0.284 0.489 ∆ 6 weeks -302± 1688 7836± 9218 0.667 
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6 Weeks 5966± 1157 14935± 8703 
 

∆ 12 weeks 2449± 2467 -1214± 1872 0.145 

12 weeks 8717± 2462 5885± 623 
  

∆12-6 weeks 2751± 2593 -9050± 8415 1.000 

HSPB1 in Monocytes 
        

Baseline 18434± 3466 24820± 7151 0.318 0.261 ∆ 6 weeks 2926± 5794 63683± 61687 0.541 

6 Weeks 21360± 5782 88503± 60815 
 

∆ 12 weeks -1980± 2642 -5899± 7498 0.432 

12 weeks 16455± 3792 18921± 2545     ∆12-6 weeks -4905± 7061 -69582± 59103 0.393 

Heat shock protein70 (HSPA1A); Heat shock protein 27 (HSPB1); Conjugated linoleic acid (CLA); Standard error of the mean (SEM). Mixed design 
ANOVA was applied to detect time and Time*treatment interaction at significant level p<0.05. For each marker, similar letters indicate a significant 
difference between the means at the specified time point. * P<0.05. ∆ 6 weeks indicates the difference between the plasma level of HSP after 6 
weeks and baseline; ∆ 12 weeks showed the difference between the baseline and week 12 while ∆12-6 weeks refers to the change week 12 and 
week 6.  The differences between the change in CLA group and placebo were checked using Mann Whitney U at significant level P<0.05. Standard 
error of means (SEM). * P<0.05. Similar letters indicate statistical difference between groups.
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Figure 5-17. The effect of CLA supplementation on expression of HSPA1A on PBMCs after 
12 weeks. Conjugated linoleic acid (CLA). The difference was explored using Mixed Design 
ANOVA test with post hock Tukey test and Bonferroni correction at significant level P<0.05. 
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Figure 5-18. The effect of CLA supplementation on the expression of intercellular 
HSPA1A on Lymphocytes. Conjugated linoleic acid (CLA). The difference was explored 
using Mixed Design ANOVA test with post hock Tukey test and Bonferroni correction at 
significant level P<0.05.  
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5.3 Discussion  

This trial was investigating the influence of 12 weeks CLA supplementation on body 

composition, lung functions, adipokines and inflammation in overweight an obese woman. 

This is the first CLA supplementation trial looked at the effect of 12-week oral CLA 

supplementation on lung function in overweight and obese women. Also, this is the first 

trial looked at the influence of CLA on the intracellular expression of HSPA1A, HSPB1 in 

PBMCs, as well as the expression of adhesion molecule CD11b and CD62L on the surface 

of pro-inflammatory monocytes (CD14 ++, CD16+). 

5.3.1 The effect of CLA on energy intake  

The dietary intake in CLA at baseline is not varied between the CLA and the placebo group. 

However, the average energy intake in the CLA group was 25% lower than the 

recommended total energy intake per day for adults (2000 Kcal/day) (NHS, 2017). 

Similarly, the average energy intake in the placebo was 19% lower than the average energy 

intake per day for adults (NHS, 2017). One potential reason for this is the possibility of 

under-reporting of food intake by the participants which has been previously reported in 

in women (Taren et al., 1999). This perhaps due to miss reporting the carbohydrate intake 

from between the meals snakes and inaccurate reporting of alcoholic intakes (Poppitt, 

Swann, Black, & Prentice, 1998).  

 This study demonstrated a significant reduction in the energy intake at week 12 (1449± 

166 Kcal/day) compared to week 6 (1798± 172Kcal/day) in CLA group, Figure 5.3, as well 

as there was a significant high BMR at week 12 in CLA compared to placebo (Figure 5.9). 

This, in turn, might support the proposed anti-obesity mechanisms of CLA, that suggest 

that CLA modulate energy balance by increasing the basal metabolic rate and reducing the 

energy intakes (Kennedy et al., 2010). However, because the reduction in the food intake 

was demonstrated in the placebo in the current trial, this might suggest that this effect on 

energy intakes is not exclusive for CLA. The opposite effect of CLA on energy intakes was 

demonstrated in a human study, where 3.2g/day CLA supplementation increased the 

energy intakes and appetite when CLA supplemented for 6 weeks in patients with COPD 

(Ghobadi et al., 2016). The variation in the supplemented population, and 

supplementation duration might be the cause of the variation between the current study 

and the later study. The prior study used a self-reporting questionnaire Council of Nutrition 

Appetite Questionnaire, which was a self-reporting questionnaire which was not related 

to satiety or hunger hormones in the blood. Notably, in the current study, the energy 
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intakes increased at week 6 then reduced by week 12, and Ghobadi et al. (2016) found 

that increase in the energy intakes achieved after 6 weeks of CLA supplementation. This 

might suggest that supplementation duration influences the effect of CLA on energy 

intake. Therefore, a long- and short-term effect of CLA on appetite regulation is needed in 

the future studies.  

5.3.2 The effect of CLA supplementation on the plasma level of CLA 

The present study showed that 12 weeks CLA supplementation of overweight and obese 

women caused 48.57% (0.34± 0.29 µg/ml) and 5.26%, (0.02± 0.13 µg/ml) increase of c9, 

t11-CLA and t10, c12-CLA, respectively, compared to the baseline in the plasma, but this 

increase was not significant. Apparently, the maximum level of c9, t11-CLA elevation in the 

present study was achieved after 6 weeks where the plasma level of c9, t11-CLA increased 

by 97%. This result agreed with a study that found a significant 54% increase in the serum 

level of c9, t11-CLA after 2.1 gm/ day supplementing CLA mixture to German population 

for 45 days (6 weeks). Despite, the supplemented CLA dose in the current trial (4.2gm/day) 

is higher than in Petridou et al. (2003) 2.1gm/day trials, the baseline level in Petridou et al. 

(2003) study was two times higher than the plasma level in the present trial. This, in turn, 

could be explained by the fact that the CLA intakes in German populations are higher (0.35-

0.43 g/day) than in the UK population, which quantified to be 0.79 mg/day (Mushtaq et 

al., 2010). This is because CLA in food might influences the level of CLA in the plasma.  

 Interestingly, despite the CLA mixture has 50:50; c9, t11-CLA: t10, c12-CA), the change of 

the circulating level of both isomers followed a different pattern. This can be clearly seen 

in the plasma level of t10, c12-CLA in the current trial, where it was reduced by 5% at week 

6 then it increased again by 7.9% between week 6 and week 12. However, c9, t110 CLA 

increased at week 6 and then reduced (Figure 5.4), this difference might be due to the 

variation in the kinetics of both isomers, where c9, t11-CLA was found to be absorbed 

rapidly and distributed slowly in body compared to t10,c12-CLA (Rodríguez-Alcalá et al., 

2017). Another reason to explain this is the variation in the dietary intakes, as previously 

discussed in the prior paragraph. 

 Although the compliance (based on the returned capsules) was more than 80%, the poor 

compliance is a potential reason that could explain why the plasma level of both isomers 

was not significantly increased compared to the baseline, from week 6-week 12 (Figure 

5.4). The large size of CLA capsules together with the multiple numbers of capsules that 

the participants had to receive (6 capsules/day) might contribute in poor compliance in 
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the current trial. Another explanation of this insignificant change is that plasma CLA 

intakes were significantly associated with plasma level of c9, t11-CLA only in males 

(R=0.47) and not in females (Ritzenthaler et al., 2012). One reason for that is that the level 

of CLA in the plasma was found to be influenced by gender, using contraceptives in females 

and the genetic difference of SCD1 Abdelmagid et al. (2013). This made studying the 

pharmacokinetics of both isomers separately while considering the confounding effect of 

contraceptive is essential to clarify the best biological samples to monitor the CLA 

supplementation. Additionally, looking at the association between the circulating level of 

CLA and its level in different tissue such as the adipose and muscles tissue could give 

important information about CLA regulation of obesity and energy balance. Furthermore, 

as diet is an essential factor that influences the CLA level in the body, there is an urgent 

need for to develop and validate a semi-quantitative questionnaire that enables to assess 

the levels of CLA in diet as previously done with omega 3 fatty acids (Laviolle et al., 2005). 

5.3.3 The effect of 12-week supplementation of CLA on the body composition  

This trial showed that the change in the body weight at week 12 in the CLA group 0.2% (-

0.2± 0.3kg) was significant, p=0.047, lower than in the placebo (0.6± 0.4kg). These results 

were similar to the results observed after 6 months supplementation of 3.2 g/day CLA on 

obese and overweight healthy subjects (Gaullier et al., 2007), where there is non-

significant 1.02% (-0.9 kg) reduction in the BW after CLA supplementation in overweight 

subjects. The BW reduction in the current trials was less than the BW reduction (2.5%) 

achieved after supplementing the same dose for the same duration(MacRedmond et al., 

2010). This could be explained by the lower compliance in the current study of 80% 

compared to the later study 94%. (MacRedmond et al., 2010). The compliance in the in the 

current study was checked  by the CLA level in the circulation as well as the returned 

capsules, while MacRedmond et al. (2010) confirmed the compliance by the returned 

capsules only. This in turn one advantage of the current study. The second reason could 

be that MacRedmond et al. (2010) did not control for the effect of energy intake change 

BW, as there was no quantification for the food intake. However, there is a need for a 

quantitative method to control for the CLA in diet. 

 Other studies demonstrated a significant reduction in BW (2.2% and 3.3%) ,BMI (2.1% and  

3.1%) and TBF (7.5% and 8.5%) when CLA as supplemented for 12 and 24 months (Gaullier 

et al., 2004, 2005). However, the meta-analysis on chapter 2 showed a small significant 

reduction in the body weight for less than 6 months, which might suggest that increasing 

the supplementation duration, might improve the anti-obesity effect. Also, this confirmed 



 

166 
 

by the significant positive association between the supplementation duration and BMI in 

that was detected in the second chapter, figure 2.16(B).  

 CLA seemed to influence obesity via increasing the LBM and reduce the %BF. This can be 

clearly seen in the current study where 12 weeks CLA supplementation of overweight 

and obese women caused a significant 1.8% reduction in the %BF compared to baseline 

after 12weeks, (Figure 5.7). Additionally, there was 1.5% significant reduction in %BF at 

week 12 compared to week 6, and 1.2kg, 2.8%, reduction in the total body fat at week 12 

compared to week 6 in CLA group (Figure 5.6). These results agreed with the results of 

the previously done meta-analysis in chapter 2 of this thesis, as well as, it is on the same 

line with meta-analysis conducted by (Onakpoya et al., 2012) who found that CLA 

supplementation cause a 1.3kg reduction in the TBF. Moreover, the current  study finds 

the LBM at week 12 in the CLA group (52.4± 1.9 kg) was higher than in the placebo group 

(46.4± 2.0 kg), This finding goes in the same line with the finding of the meta-analysis 

done by Schoeller et al. (2009) who concluded that CLA mixture supplementation causes 

(0.3 ± 0.7 kg) increase in the LBM. 

 There are several potential mechanisms by which CLA reduce the body fats; the first one 

by inhibiting the maturation of preadipocytes to mature adipocytes, the second one by 

promoting the apoptotic pathway of adipocytes (Kennedy et al., 2010), the anti-obesity 

mechanism will be discussed in details in chapter 6. Another mechanism by which CLA 

reduced the body fats is by increasing the level of adiponectin that is responsible for the 

lipogenesis. However, that was not confirmed in the current study (refer to adipokines 

section). Perhaps supplementing CLA with other weight reduction supplement and diet 

might influence the effect of CLA supplementation. However, more trials that control for 

the confounding factors and assess the compliance of participants with diet and exercise, 

as well as CLA, are needed to confirm this effect. 

5.3.4 The effect of CLA on lung functions  

This trial confirmed that CLA did not significantly change the pulmonary functions of obese 

and overweight women and this finding matches the finding by Stickford et al. (2011) 

where CLA supplementation did not change the FEV1 compared to placebo. However, it 

contradicts the results obtained by MacRedmond et al. (2010) who found a significant 

improvement in PCO2 after performing methacholine challenge upon supplementing 

overweight subjects with asthma for 8 weeks with 4.5 g/day of CLA. Also, Jaudszus et al. 

(2016) found an improvement in FEV1 in both CLA and placebo group. One reason of this 
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contradiction is the variation among the examined population where MacRedmond et al. 

(2010) tested mild to moderate overweight subjects with asthma while Stickford et al. 

(2011) examined subjects with exercise-induced asthma, and Jaudszus et al. (2016) 

investigated the effect of c9, t11-CLA supplementation on children and adolescents with 

asthma. 

 Additionally, the majority of recruited women in the current trial were with FEV1≥70% so 

failing in normal lung functions category (CARE, 2005). So perhaps recruiting adult obese 

and overweight women with medically diagnosed asthma will help to confirm the actual 

effect of CLA on obesity-associated lung functions complications. 

 The disagreement between the results of these trials is the variation in the method used 

to test the pulmonary functions. For example, MacRedmond et al. (2010) used 

methacholine challenge and assessed the effect of CLA on the change on FEV1 before and 

after inhalation of methacholine at baseline and after 8 weeks of supplementation. 

However, Stickford et al. (2011) tested the change in the FEV1 before and after EVH after 

6 weeks of CLA supplementation, and in the current trial test the change in the FEV1 at 

baseline and after 12 weeks without respiratory challenges. Hence, a more challenging 

method to assess the lung function might be required to observe a direct effect of CLA on 

lung functions. However, this needs to be done in a primary care unit and not in University 

laboratory to ensure the safety of patients or participants. 

 Another reason of the results’ variation between these trials is the difference in 

supplementation duration among the studies where Jaudszus et al. (2016) supplemented 

CLA for 12 weeks which is the same supplementation duration as in the current trial, while 

MacRedmond et al. (2010) supplement 4.5g/day for 8 weeks, and Stickford et al. (2011) 

supplemented CLA for 6 weeks. However, to the best of our information, no trial showed 

an evidence of the effect of supplementation duration effect of CLA on lung functions. 

 The supplementation methods also varied between studies where, unlike Jaudszus et al. 

(2016) who enriched yoghurt with CLA, supplementation method in the current trial and 

the rest of the trials was via oral capsules supplementation. Capsule supplementation 

might be superior to enriched food as it guarantees that the patients received the full dose, 

however, food enrich could have a better overall compliance. 

 On the cellular level, CLA has been found to reduce the level of ex vivo production of INF-

γ, IL-5 and IL-4 produced by the stimulated PBMCs (Jaudszus et al., 2016; Turpeinen et al., 

2008), which might suggest a potential beneficial effect of CLA on respiratory-related 
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disease. This is because INF-γ was associated with deterioration of the pulmonary 

functions and IL-5 and IL-4 are key players in asthma pathophysiology (Turpeinen et al., 

2008). However, this finding was demonstrated only in the trial that supplemented c9, t11-

CLA isomer (Jaudszus et al., 2016; Turpeinen et al., 2008) and not CLA mixture 

(MacRedmond et al., 2010; Stickford et al., 2011). This suggests that c9, t11-CLA could be 

useful to improve the systematic inflammation in subjects with asthma or pulmonary 

disorder, due to its anti-inflammatory properties (Jaudszus et al., 2005), meanwhile anti-

obesity effect of t10,c12-CLA (Risérus, Arner, et al., 2002) might reduce the mechanical 

effect of obesity on lung functions. Therefore, CLA mixture could be beneficial to target 

and improve both systematic and mechanical effect of obesity on lung functions. In other 

words c9, t11-CLA might act as an anti-inflammatory while t10, c12 might act as anti-

obesity , and combining the two effect when supplementing CLA mixture could lead to 

weight loss, which  has been found to cause 58% improvement in asthma control, as well 

as reducing airway neutrophilic inflammation in women (Scott et al., 2013). A RCT that 

recruited obese and overweight women with respiratory disorders, such as asthma or 

COPD might clarify the direct effect of CLA on the lung function. 

5.3.5 The influence of CLA supplementation on adipokines  

In the current trial, CLA did not show any significant effect on the plasma level of leptin or 

adiponectin, (Figure 5.13). This results agreed with other trials found the insignificant 

change in the level of CLA after CLA supplementation of obese subjects with asthma for 8 

weeks (MacRedmond et al., 2010) or after supplementing postmenopausal obese women 

with type 2 diabetes for 16 weeks (Norris et al., 2009). On the other hand, another study 

supplemented Chinese subjects with obesity-related hypertension for 8 weeks with CLA 

and found a significant increase in leptin level compared to placebo (Zhao et al., 2009). 

This variation could be due to the difference in the epigenetics between Asian and 

European (López-Jaramillo et al., 2008). 

 As previously discussed, one of the proposed anti-obesity mechanisms of CLA is elevating 

leptin level, which subsequently increases satiety, (Figure 1.6). The results of the current 

trial as well as other trials  (Gaullier et al., 2005) seems to contradict this hypothesis. For 

example, a human study reported a significant direct association (R=0.43, p=0.0001) 

between leptin and body fat mass reduction by CLA (Gaullier et al., 2005), without a 

significant reduction in leptin level after CLA supplementation. Additionally, non-

significant change in leptin was reported by Colakoglu et al. (2006b) after supplementing 

12 Caucasian females with 3.6g/d CLA mixture plus 30 min exercise programme for 6 
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weeks, although this study demonstrated a significant reduction in body weight (1.6 kg), 

body fat ratio (9.23%), fat free mass (1.56kg), fat mass (10.9kg) and other obesity 

parameters. The reason for this reduction in obesity parameters in the prior study could 

be explained by exercise exposure and increasing energy of expenditure rather than the 

energy intakes. This is because the same study did not demonstrate a reduction in BMI or 

BW in the CLA without exercise group (Colakoglu et al., 2006b). Eventually, testing this 

satiety-related hypothesis needs more specific satiety tests to investigate the effect of CLA 

on short-term satiety, meal to meal, as well as long-term satiety, weeks and months’ 

satiety. Thus, still confirmation of the effect of CLA on satiety and fullness in human 

requires more controlled trial while looking to other satiety and hunger regulators such as 

Ghrelin and insulin (Badman & Flier, 2005). Furthermore, excluding the effect of adipose 

tissue mass and distribution as a great influencer of leptin and adiponectin release, where 

leptin is more likely to be associated with the reduction in the subcutaneous fats rather 

than visceral fats (Cnop et al., 2002), whilst adiponectin which is associated with adipose 

tissue mass (Cnop et al., 2002).  

 On the other side, the reducing effect of CLA on leptin level in  obese subjects detected in 

a recent meta-analysis (Haghighatdoost & Hariri, 2018) could be an advantage for subjects 

with respiratory disorders, due to the pro-inflammatory effects on respiratory functions 

that was associated with leptin in obese subjects (Assad & Sood, 2012; Shore & Fredberg, 

2005), discussed in 1.8.1 section. 

Increasing the level of adiponectin showed a positive effect on obesity-induced insulin 

resistance, as well as airway hyperresponsiveness (Shore et al., 2006). This is because 

adiponectin inhibits LPS induced TNF-α and IL-6 in macrophage (Masaki et al., 2004), via 

inhibiting the activation of NF-Kβ which resulted from toll-like receptor activation in the 

macrophage. (Yamaguchi et al., 2005). The current trial did not demonstrate a significant 

effect of CLA supplementation on the plasma level of adiponectin which agree with the 

results of a recent meta-analysis that found CLA supplementation did not influence plasma 

adiponectin (von Frankenberg et al., 2014). This result contradicts the finding of a trial 

reported a 2.5% increase in adiponectin after 8-week of 4.5 CLA supplementation (Zhao et 

al., 2009). This variation might be because the later study supplemented CLA with Ramipril 

(anti-hypertension medication) and the control group in this study was subjects receiving 

Ramipril, so there was no control for the individual effect of CLA. Indeed, blood pressure 

has been found to be negatively influenced by the adiponectin (Delles et al., 2008). 
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Furthermore, the population were obese and from different ethnic group (Chinese) 

compared to the current study population which was European. 

5.3.6 The effect of CLA on adhesion molecule  

This study demonstrated a significant (p= 0.049) reduction in the expression of CD11b,s on 

pro-inflammatory monocytes (CD14++, CD16+) between week12 and base (-18482± 12711) 

line in CLA group compared to placebo (20518± 13771). Furthermore, the change between 

week 6 and baseline in the expression of CD11b between the stimulated and non-

stimulated monocytes was significantly (p=0.028) low in CLA group (50912± 57743) 

compared to placebo (-7762± 6248). This finding complements the finding of another 

study where treating human monocytes with CLA caused inhibition of cytokines induced 

intracellular adhesion molecules and intravascular adhesion molecules in human 

endothelial smooth muscles cells (Goua et al., 2008). Additionally, this finding 

acknowledges the inverse association between CLA level and the expression of CD11b,s 

that was detected in Chapter 4 of this thesis, (Figure 4.15). This reduction in the expression 

of adhesion molecules on the stimulated monocytes by CLA has been found to be 

associated with a reduction of pro-inflammatory cytokines such as IL-1β and TNF-α 

(Sneddon et al., 2006). Apparently, this effect could be owed to the inhibition of the main 

orchestrator of the pro-inflammatory pathway NF-Kβ by CLA. This is because CLA, mainly 

t10,c12-CLA, has been found to stimulate the reduction of cytokines induced induction NF-

Kβ activation in prostate cancer cells via stimulation of inhibitory-inhibitor kappa B (Iκβ)κβ 

to the nucleus (Song et al., 2002). 

 Typically, LPS stimulation cause a significant increase in the expression of CD 11b on pro-

inflammatory monocytes (CD14++, CD16+) (Belge et al., 2002; Gomes et al., 2010) and as 

shown in chapter 4, (Figure 4.11). Inhibition of CD11b was associated with a reduction of 

obesity-induced insulin resistance (Zheng et al., 2015). This makes the current reduction 

in the CD11b expression on the pro-inflammatory monocytes (CD14++CD16+) after CLA 

supplementation a potential therapeutic strategy to control obesity-induced insulin 

resistance (Hotamisligil, Shargill, & Spiegelman, 1993; Xu et al., 2003). However, this action 

might be varied according to the structure and the dose of the supplemented CLA (Goua 

et al., 2008), i.e. CLA mixture 50:50 versus individual isomer of CLA. This is because 

individual isomers seem to have a negative effect on insulin sensitivity, where individual 

isomer caused 15% reduction in insulin sensitivity upon supplementing obese men with 

3g/day c9, t11-CLA for 12 weeks Risérus, Vessby, et al. (2004). Similarly, 3.2 g/day of t10, 

c12-CLA supplementation of obese men caused an increase in the insulin resistance after 



 

171 
 

12 weeks (Risérus, Vessby, et al., 2004). On the other hand, in case of CLA mixture two 

results were obtained. The first one had no significant effect on insulin resistance upon 

supplementing overweight subjects with type 2 diabetes (Shadman, Taleban, Saadat, & 

Hedayati, 2013), and the second results was a significant increase in insulin sensitivity 

when CLA mixture supplemented to Children compared to metformin (Garibay-Nieto, 

Queipo-García, Alvarez, Bustos, Villanueva, Ramírez, León, Laresgoiti-Servitje, Duggirala, 

& Macías, 2016), and to obese young men (Eyjolfson et al., 2004a). However, interestingly, 

both later trials were conducted in either growing stage children or young humans who 

might have  different metabolic status (Johnstone, Murison, Duncan, Rance, & Speakman, 

2005) 

 In the current study, the expression of CD62L on the pro-inflammatory monocytes showed 

a favourable effect of placebo over the CLA, because the increase in the expression of 

CD62L on the pro-inflammatory monocytes was significantly higher in the placebo group 

compared to CLA. However, that was only between week 6 and baseline, and interestingly, 

both the CLA and placebo caused an increase in the level of expression of CD62L after 

stimulation compared to the base. This alteration in CD62L expression might be beneficial 

because, the depression in the expression of CD62L has been found to be a sign of chronic 

inflammation in morbidly obese, and increases the risk of developing an infection (Cottam, 

Schaefer, Fahmy, et al., 2002). Moreover, the deficiency of the CD62L has been found to 

impair the leukocytes recruitment to cite of inflammation in CD62L deficient mice (Tedder, 

Steeber, & Pizcueta, 1995). Furthermore, the low expression of CD62L involved in the 

development of atherosclerosis. Therefore, the increase in the CD62L might be desirable 

for the correct functioning of the innate immune system. However, this effect appeared 

to be nonspecific for CLA, because this increase was detected in both CLA and placebo. 

5.3.7 The effect of CLA on the expression of HSPA1A and HSPB1 on PBMCs 

This study is the first that has looked at the influence of CLA supplementation on the 

intracellular expression of HSPA1A and HSPB1 on PBMCs. The current study found that 

CLA supplementation caused a significant reduction in the expression of HSPA1A in 

PBMCs. This contradicts the results of another study found that both c9, t11-CLA and t10, 

c12-CLA were able to increase the expression of HSP78 (GRP78) mRNA in liver cells and did 

not cause endoplasmic reticulum stress or apoptosis (Wei, Wang, & Pagliassotti, 2007). 

HSPGRP78 is another member of HSPs that are responsible for glucose regulation and 

expressed by endoplasmic reticulum stress (Endo et al., 2007; Wei et al., 2007) to protect 

the cells from lipid toxicity resulted from lipid accumulation and subsequent apoptosis 
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(Unger & Orci, 2002; Wei et al., 2007). Unlike HSPGRP78, HSPA1A induction has been 

found to protect against oxidative stress (Evans, Goldfine, Maddux, & Grodsky, 2002) 

which subsequently is involved in insulin resistance pathology (Houstis, Rosen, & Lander, 

2006). Oxidative stress could be caused by obesity (Vincent, Innes, & Vincent, 2007), as 

well as because of t10, c12- CLA supplementation, where t10, c12-CLA caused 87% 

increase in the 8-iso-PGF2α, an oxidative stress marker, in obese men for 3 months 

(Risérus, Basu, et al., 2002). The authors of the previous study used this finding to explain 

the observed t10,c12-CLA-induced-insulin-resistance (Risérus, Arner, et al., 2002). Hence, 

the reduction in HSPA1A in the current trial could explain the mechanism of CLA-induced 

insulin-resistance because of: (1) The positive association between the lack of intracellular 

expression of HSPA1A and the insulin resistance that was detected in the skeletal muscle 

cells of patients with type 2 diabetes (Kurucz et al., 2002). (2) the demonstrated basal 

reduction in the expression of the genes involved in the oxidative defence, such as HSPA1A 

in the skeletal muscles cells of subjects with type 2 diabetes (Bruce, Carey, Hawley, & 

Febbraio, 2003). 

 HSPA1A is not only playing a role in insulin resistance and oxidative stress but also it 

involves lung disease. There is an evidence that increasing the expression of HSPA1A on 

airway cells was associated with asthma and chronic bronchitis (Vignola et al., 1995). 

Additionally, anti-HSPA1A was associated with asthma severity (Yang et al., 2005), as well 

as increasing the level of HSPA1A in plasma and induced sputum was associated with the 

severity of asthma (Changchun et al., 2011) in the Chinese population. This also was 

observed in subject with allergic rhinitis, because a study showed that induction of HSPA1A 

was promoted by Th2 (IL-4, IL13) cytokines, as well as the level of HSPA1A in nasal lavage 

fluid were significantly higher in patients with allergic rhinitis compared to control (Min, 

Kim, Yoon, Kim, & Cho, 2017). However, the previous three studies were conducted in 

Asian population which might limit the generalisation of  this results, particularly, that lung 

functions was found to be influenced by ethnicity of the subjects (Oelsner et al., 2018). 

Recently anti-HSPA1A was used as a novel risk factor for asthma (Hosseini, Zilaee, & 

Shoushtari, 2018), which made HSPA1A a novel interesting marker for asthma and lung 

function. This, in turn, suggested that targeting HSPA1A could be a potential therapeutic a 

strategy for respiratory disease. Similar to HSPA1A, expression of HSPB1 was found to 

protect against oxidative stress, which plays a significant role in asthma pathophysiology 

(Merendino et al., 2002). Although the current RCT failed to demonstrate an improvement 

in lung functions perhaps, because the recruited participants in the current trial had a 
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normal lung function, another recruited mild to moderate asthmatic with asthma showed 

a reduction in airway hyperresponsiveness (MacRedmond et al., 2010). This could be 

explained by the reduction in HSPA1A. However, this assumption needs to be investigated 

in other trials that included participants with a respiratory disorder. 

5.3.8 Limitations  

This study is limited by the inability to collect data regarding the smoking status of the 

participants. CLA supplementation did not significantly increase the plasma level of both 

c9, t11-CLA and t10, c12 CLA. The lack of statistical difference between the plasma level of 

c9, t11- CLA, t11-c12-CLA before and after supplementation at each time points. The wide 

range of BMI of participants. The inflammatory markers were done only for a limited 

number of participants because of the high cost of antibodies. The level of CLA in plasma 

did not account for the potential risk of fatty acid oxidation during CLA analysis. Some data 

were missing during technical issue in the measuring devices. The assessment of lung 

functions was done used very primitive method perhaps involving some respiratory 

challenges will be useful. However, for participant safety that needs to be done in a 

primary care clinic. 

 The placebo high oleic acid safflower oil might cause an increase in the body weight and 

that was observed previously by the trials that used Oleic acid as a placebo (Kamphuis, 

Lejeune, Saris, & Westerterp-Plantenga, 2003) where the body weight of the placebo 

group has been increased by 1.4 kg in males and to 1.3kg in females mean. Also, (Zambell 

et al., 2000) found a 0.4 kg increase in the placebo group. This raises a debate regarding 

the best placebo, which can be used in CLA trial. 

 In the future, there is a need to validate a semi-quantitative questionnaire to assess the 

CLA intakes accurately in UK population. Despite there were no major side effects reported 

by the participant in the RCT, work on setting a recommended daily intake and a normal 

range for CLA is essential. This is to determine when we can start supplementation, and 

what could be the optimum dose of CLA. Moreover, more research needs to be done about 

the pharmacokinetics and pharmacodynamics of CLA in the human bodies. More studies 

are needed regarding the bioavailability of CLA and what could be the best method of 

supplementation as currently poor compliance seems to be one of the challenges in the 

CLA trials. Perhaps starting supplementing patients with obesity and asthma or other 

respiratory disorder in a well-designed randomised double-blind control trial could give a 
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better idea about the effect of CLA on pulmonary function. This is because currently there 

is one RCT explored that in adult (MacRedmond et al., 2010) 

 

5.4 Conclusion  

CLA did not show a significant effect of 12-week CLA supplementation on BW or BMI 

However, CLA appeared to work more efficiently on reducing %BF. The significant increase 

in the lean body mass at week12 in CLA compared to placebo might suggest a beneficial 

effect of CLA on body composition. However, that need to be confirmed in a trial with 

better compliance and a significant increase in the plasma level at each time point. There 

was no direct effect of CLA on lung function. However, CLA might indirectly modulate the 

systematic inflammation that influence lung function. Hence, further study is needed on 

obese subjects with a respiratory disorder such as asthma or COPD. The current trial did 

not demonstrate an effect of CLA on leptin or adiponectin. However, there was a 

significant effect on reducing the deterioration immune response after CLA 

supplementation. This reduction was clear by the significant decline in the expression of 

CD11b on the pro-inflammatory monocytes (CD14++, CD16+). This suggests a protective 

effect against obesity induced complications. However, this needs to be confirmed in 

further trials. 

 The novel finding of this trial is that CLA significantly reduced the expression of HSPA1A 

in PBMCs which might explain the previously demonstrated insulin resistance associated 

with the CLA. However, in the future, this needs to be related to the effect of CLA on fasting 

insulin and blood sugar glucose level. Additionally, the mechanism of this action needs 

further investigation in cell culture model and animal modules.   
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Chapter 6 General discussion and 

conclusion  
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6 Chapter 6 

6.1 Discussion Overview  

The relationship between obesity, inflammation and lung function is very complicated and 

not easy to understand. As previously discussed in figure 1.7, obesity can cause direct 

negative effect on respiratory function by reducing the chest volumes (FRC and TV) which 

is known as the mechanical effect of obesity (Shore et al., 2006). In addition, obesity 

induced chronic inflammation (Dou et al., 1998) has been found to be the main link 

between obesity and airway hyper responsiveness in women(Ofir et al., 2017; Sideleva et 

al., 2012; Wenzel, 2012). 

 The medications such as β2 agonists and corticosteroids, which are used to treat 

respiratory disorders, such as asthma and COPD have several limitations, for instance, 

corticosteroid can cause hyperglycaemia, boneless and water retention and further weight 

gain(Rossi, Cerasoli, & Cazzola, 2007). Therefore, having an adjuvant supplement that 

might improve obesity, inflammation and lung function was of our interest. There are very 

limited number of human trials investigated the effect of CLA on lung function in a 

different population with a respiratory problem. 

The aim of this PhD thesis was to look at the effect of CLA on obesity, lung function and 

inflammation, where inflammation is considered an important link between obesity and 

lung function. This was done via three main projects. 

• A meta-analysis that looked at the effect of CLA on the body composition in 

women, when it is supplemented for less than 6 months. 

• A cross sectional study that investigated the direct association between the 

circulating CLA and its individual isomer in plasma and obesity, lung functions, 

adipokines (leptin and adiponectin) and inflammation, in women. 

• A double-blind randomised control study that explored the effect of 12 weeks CLA 

supplementation on obesity, lung functions, adipokines and inflammation, in 

overweight and obese women.  
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6.2 The effect of CLA on body composition  

The current thesis demonstrates a potential mild positive effect of short-term CLA 

supplementation on obesity markers. This is clearly seen from the results of the meta- 

analysis (Table 6.1) where a significant reduction was found in BW (1.2 kg), BMI (0.6 kg/m²) 

and TBF (0.76 kg) in CLA compared to placebo. Additionally, the RCT in chapter 5 showed 

positive effects on obesity, particularly the effect on body fats (Table 6.1), where CLA 

supplementation showed 1.8% significant reduction in the % BF at week 12 compared to 

base line and 3.6% of %BF reduction from week 6 to week 12. However, the cross-sectional 

study in Chapter 4 did not provide evidence about the association between the level of 

CLA in the plasma and the reduction in obesity marker, but the RCT and the meta-analysis 

gave stronger evidence on the mild anti- obesity effect of CLA. The evidence from other 

meta-analyses supports the anti-obesity effects of CLA (Onakpoya et al., 2012; Schoeller 

et al., 2009; Whigham et al., 2007). Moreover, the meta-analysis showed that the anti-

obesity effect of CLA might be influenced by the menopausal age and the initial obesity 

state (BMI) of the participants. One reason for this is that the  subgroup meta-analysis 

based on the age of the participant, revealed 1.1 kg of TBF reduction in postmenopausal 

women, who are more liable to gain more fats and loss muscles compared to 

premenopausal women (Pasquali et al., 1994; Zamboni et al., 1992). Interestingly, the 

meta-analysis did not find an extra advantage of combing life style intervention with CLA. 

However, this should be interpreted carefully as different studies in this meta-analysis had 

different life style interventions, such as different exercise programmes and there was a 

variation in activity levels of the participants (Kim et al., 2008; Lambert et al., 2007; Norris 

et al., 2009; Ribeiro et al., 2016; Zambell et al., 2000). 

 Ultimately, body fats seem to be the main obesity marker that was reduced consistently 

by the CLA in the RCTs. Despite the statistical significance of this result, it remains clinically 

and economically questionable, as it is associated with the extra cost of consuming the 

CLA capsules and it yielded less than 5% of body weight reduction, which is recommended 

as  minimum clinical significance weight loss interventions (Christian et al., 2010)
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Table 6-1. The key results of studying the effect of CLA on body composition in this thesis.  
 

Overall  perimenopause Post menopause overweight obese Morbidly 

obese 

LFC WLFC 

Meta-analysis  

Body weight (kg) (1.2) ↓*** (1.3) ↓*** (1.1) ↓** (1.3) ↓*** (1.0) ↓** (1.3) ↓** 

BMI (kg/m2) (0.6) ↓*** (0.5) ↓** (0.8) ↓*** (0.6) ↓***  (0.5) ↓** (0.7) ↓*** 

Total body fat (kg) (0.8) ↓** ↔ (1.2) ↓** (0.8) ↓** ↔ (1.1) ↓** 

Cross-sectional trials  

Body weight (kg) +vec9**, CLA** +vec9**, CLA** ↔ +vec9**, CLA**     

BMI (kg/m2) +vec9**, CLA** +vec9**, CLA** ↔ ↔ ↔ ↔   

Total body fat (kg) +vec9**, CLA** +vec9**, CLA* ↔ -veT10* ↔ ↔   

%Body fat +vec9**, CLA** +vec9*, CLA** ↔ ↔ ↔ ↔   

Lean body mass (kg) -vec9**, CLA** -vec9**, CLA** ↔ ↔ ↔ ↔   

Resting metabolic rate +vec9**, CLA** +vec9**, CLA** ↔ ↔ ↔ ↔   

Randomised double blind trial  

Total body fat (kg) ↓6-12*        

∆ Total body fat (kg) ↓6-12#        

%Body fat ↓0-12*,6-12*        
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Lean body mass (kg) ↑12#        

Resting metabolic rate (Kcal/day) ↑12#        

Sub group included life style changes (LFC), subgroups without life style changes (NLFC); positive association (+ve), negative association (-ve); ↓reduction; ↑ increase; ↔ 
non-significant results ↔* significant at p<0.05, ** significant at p<0.01; ***significant at P<0.00; *indicates significance compared to baseline in CAL group. # indicates 

significant change compared to placebo. 0 at baseline, 6 at week 6, 12 at week 12. ∆ is the changes. 
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Figure 6-1.The potential mechanisms of how CLA might influences obesity, inflammation and lung functions. Adopted from (Changchun et al., 2011; 

Huang et al., 2016; Jäättelä, Wissing, Kokholm, Kallunki, & Egeblad, 1998; Kennedy et al., 2010; Park et al., 2002; Xu et al., 2007; Yang et al., 2015). The red 

dotted line shows the results demonstrated in the current trial. Red and black dotted lines need further investigations. ( ) indicated stimulation, (

) indicates inhibition.
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6.2.1 The proposed anti- obesity mechanism for CLA  

There are several suggested mechanisms which explained the anti-obesity effect of CLA 

which are discussed in detail by (Kennedy et al., 2010; Yang et al., 2015) (Figure 6.1). The 

first mechanism includes influencing the energy balance, which is a function of energy 

expenditure and energy intakes (food intakes). 

6.2.2 The effect of CLA on energy balance  

CLA was assumed to increase the energy of expenditure which is influenced by physical 

activity, BMR, and adaptive thermogenesis (Shen et al., 2013). 

6.2.2.1 CLA increasing the thermogenesis  

There are  two main types of adipose tissues: the first type is white adipose tissue (WAT) 

that is responsible for storing extra fats and brown adipose tissue (BAT), which is 

responsible for turning extra fat into heats (Madsen et al., 2010). Transforming the WAT 

to BAT has been suggested to be a promising strategy to control obesity by noradrenergic 

receptors stimulation (cold exposure) (Frontini & Cinti, 2010; Langin, 2010). Recently, it 

has been found that there is a classical BAT which originated from a myf-5 cellular+ lineage 

and a beige adipose which either originated from mesenchymal stem cells expressing 

PRDM16 (Seale et al., 2011) or alternatively from mature WAT by transcriptional 

coactivator (PPAR-γ coactivator 1-α) PGC1-α (Langin, 2010). 

 CLA has been suggested to increase the brownness of the white adipose tissue in the 

adipose tissue of mice  thereby increasing fatty acid oxidation (Shen et al., 2013) .This took 

place via up-regulation of uncoupling protein -1 (UPC-1) in the white adipocytes, and 

increasing the mRNA of white tissue browning proteins, such as UCP1 and CPT-1b (Shen et 

al., 2013). UCP1 is primarily released in the brown adipocytes  and it facilitates the electron 

transfer through the inner membrane of the mitochondria leading to thermogenesis 

instead of ATP production (Shen et al., 2013). Furthermore, UPC1 has been found to be 

produced in white adipocytes during the recruitment of brown adipocytes (Madsen et al., 

2010). Hence, increasing the brownness of WAT and the subsequent thermogenesis by 

CLA could cause an increment of the lipid oxidation and reduce adiposity. In the current 

RCT, this mechanism might explain the significant higher BMR in CLA group (1714± 

72Kcal/day) compared to placebo (1500±1.72 Kcal/day) at week 12,  as well as in the 

previous trials (Close, Schoeller, Watras, & Nora, 2007; Nazare, De La Perriere, et al., 2007). 

However, the increase in the BMR was not usually associated with the reduction of fat 
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mass or body weight; this is might be due to the variation in participants’ characteristics 

(gender and life styles), as well as supplementation method and duration in these studies. 

6.2.2.2 CLA Effect on energy intake  

As previously mentioned, one of the suggested weight reduction mechanism of CLA is 

assuming that CLA causes a reduction in the total energy intake, where injecting CLA intra-

cerebroventricularly caused inhibition of hunger stimuli via increasing leptin level which 

consequentially  inhibiting the orexigenic neuropeptides NPY and AgRP gene expression in 

the hypothalamus (Cao et al., 2007), (Figure 1.6). Maher and Clegg (2018) suggested that 

an increased leptin in absence of leptin resistance might help to reduce the food intakes. 

Although, the RCT in chapter 5 showed a significant reduction in the energy intakes in both 

CLA and placebo groups and it was associated with a reduction in body fats, but this was 

not associated with a significant increase in leptin level except at week 6 (0.3±2.1ng/ml). 

Interestingly, the RCT detected an exclusive significant reduction in the carbohydrate 

intakes between week 6 and weeks 12 in CLA group. The previous results could be 

explained by the reduction in leptin level demonstrate between week 6 and week 12 

because a recent evidence suggested  leptin level was inversely related of sweet craving 

in women (Macedo & Diez-Garcia, 2014). This could suggest a potential role of leptin in 

reducing the carbohydrates intakes, rather than the whole energy intakes. However, a 

recent review found that the evidence supporting this hypothesis is very weak as the 

change in leptin was not consistently associated with energy intake reduction or 

percentage body fat reductions (Maher & Clegg, 2018). 

 The effect of CLA on meal-to-meal food intakes was investigated and a significant increase 

in time until next meal was detected in CLA group compared to control and medium chain 

fatty acids (Coleman et al., 2016). Also, the same study has found a reduction in the rest 

day energy intakes and whole day intakes in participants receiving CLA enriched smoothie 

compared to control (Coleman et al., 2016). Ultimately, more evidence about the influence 

of CLA on both long term  and meal-to meal satiety and specific macronutrient intakes are 

required while analysing other satiety and hunger hormones, such as Ghrelin, Peptide YY, 

AgRP (Austin & Marks, 2008),in order to confirm the exact anorexic pathway for CLA. 

6.2.3 The effect of CLA on lipogenesis  

The main function of the adipocytes is to store fats in forms of triacylglycerol, and CLA has 

been found to influences the synthesis, storage and desaturation of triacylglycerol in the 

adipocytes (Evans et al., 2000; LaRosa et al., 2006). These effects were promoted by CLA 



 

183 
 

via two main strategies: the first strategy is the ability of t10,c12-CLA to inhibit of mRNA 

of multiple proteins which are responsible for lipogeneses, such as LPL, acetyl-CoA 

carboxylase (ACC), SCD1, fatty acid synthase (FAS) (Brown et al., 2003; LaRosa et al., 2006). 

The second strategy involves alteration of several genes that are responsible for 

lipogenesis , where t10, c12-CLA interfered with lipogenesis by promoting degradation of 

PPAR-γ, CAAT/ enhancer binding proteins alpha (C/EBPα) via phosphorylation, 

ubiquitination which are a key process in the lipogenesis and energy haemostasis 

(Kennedy et al., 2010). CLA down-regulated PPAR-γ and its target genes, such as fatty acid 

binding protein, (ap2), expressed in adipocytes and macrophage, Glucose transporter type 

4 (GLUT-4), FAS, acetyl choline binding protein (ACBP), Lipoprotein and Liver X receptor 

(LXR), (Figure6.1) (Brown et al., 2003; Kennedy et al., 2010; Nielsen et al., 2008; Yang et 

al., 2015). Moreover, CLA impaired the storage of triacylglycerol in adipocytes by 

increasing lipolysis and reactive oxygen species in the mitochondria and fatty acid 

oxidation (Brown, Halvorsen, Lea-Currie, Geigerman, & McIntosh, 2001; Yang et al., 2015). 

The reduction of the TBF in the meta- analysis and the RCT in this thesis might support this 

evidence (Table 6.1). Ideally, in the future to confirm such mechanisms there is a need to 

test the effect of CLA supplementation on gene expression of PPAR-γ and its genes in a 

different adipose tissue. For example, samples from both visceral fats and buttocks, in 

order to clarify the best samples to monitor CLA level in the body and to explore if CLA can 

act selectively on the central obesity. 

6.2.4 The effect of CLA on lipolysis 

T10, c12-CLA supplementation has been found to increase the mRNA expression of 

hormone-sensitive lipase (HSL)) after three days of feeding mice t10, c12 CLA(LaRosa et 

al., 2006), HSL is responsible for  releasing free fatty acids from the stored triglycerides 

when energy is needed, and it is stimulated by cAMP-mediated signalling (Kennedy et al., 

2010). However, long-term supplementation of CLA did not demonstrate an effect on 

lipolysis. This was explained by  the accumulation of the lipid outside the adipose tissue 

which was similar to what was happening in the liver tissue causing hepatomegaly, despite 

of the demonstrated useful hypotriglyceridaemia and anti-oxidant effect of CLA in the 

same study (Andreoli, Gonzalez, Martinelli, Mocchiutti, & Bernal, 2009). The previous 

action took place due to the depletion of the triglycerides stored in the WAT due to the 

chronic CLA supplementation. To ensure this mechanism, designing an in vivo experiment 

from human adipose tissue after CLA supplementation to explore the effect of CLA on the 

lipolysis marker could be useful. This approach has been previously used to test the effect 
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of two intestinal peptides, Guanylin and uroguanylin, on lipolysis of visceral fats (Rodriguez 

et al., 2016). 

6.2.5 The effect of CLA on adipogenesis  

The reduction in the transcription factors like PPAR γ and C/EBP α activity by t10, c12-CLA 

might not only influence lipolysis, but also it might influence the maturation of pre-

adipocytes to mature adipocytes. This was demonstrated in 3T3-L1 adipocytes (Kang, Liu, 

Albright, Park, & Pariza, 2003), and in human pre-adipocytes (Brown et al., 2003). Also, 

t10, c12-CLA was found to prevent the maturation of preadipocytes to adipocytes 

(Yeganeh et al., 2016). 

 Two main signs indicate the maturation of adipocytes: increasing the size of fat droplets 

and the release of adipokines, especially adiponectin, both CLA isomers found to influence 

the initial stage of adipocytes differentiation. However, upon the progression of 

differentiation t10, c12-CLA has been found to block the maturation of adipocytes by 

reducing adipokines, particularly adiponectin, and reduce the accumulation of lipid droplet 

in T3TL-1 adipocytes (Yeganeh et al., 2016). Also, the same study showed that short term 

CLA supplementation caused a reduction in the number, as well as the size of the 

adipocytes, which was also demonstrated by previous literature (DeClercq, Zahradka, & 

Taylor, 2010). However, the current RCT demonstrated an initial increase in the circulating 

level of adiponectin at baseline compared to week six, followed by a reduction in the level 

of adiponectin from week 6 to week 12. This could be due to the fact that the level of the 

circulating level of adiponectin is influenced by other factors, such as age and gender  

(Isobe et al., 2005). 

 CLA has been found to suppress adipogenesis pathway by reducing the activity of PPAR-γ 

via phosphorylation process which is normally mediated by one of the mitogen-activated 

protein kinase (MAPK) pathway called ERK (Adams, Reginato, Shao, Lazar, & Chatterjee, 

1997). To confirm this, a study treated human adipocytes with t10, c12-CLA showed 

inhibition of PPAR-γ activity by phosphorylation, meanwhile, the protein level hours did 

not change. This, in turn, suggests a presence of an indirect protein that causes the 

phosphorylation of PPAR-γ (Kennedy et al., 2008). This indirect link is ERK, because treating 

human adipocytes for 24 hours of t10, CLA showed phosphorylation of ERK (Brown et al., 

2004). 
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6.2.6 CLA promotes apoptosis of adipocytes 

CLA was suggested to reduce the %BF by promoting apoptosis in the adipocytes (Kennedy 

et al., 2010; Tsuboyama-Kasaoka et al., 2000). This was demonstrated by increasing the 

ratio between the apoptosis inducer BAX and apoptosis inhibitors BCL2 after feeding mice 

1.5 W/W CLA mixture (Liu, Purushotham, Wendel, & Belury, 2007). Additionally, CLA might 

cause apoptosis via promoting inflammation (Poirier, Shapiro, Kim, & Lazar, 2006), where 

CLA elevated the expression of TNF-α in the WAT of mice fed 1% W/W CLA mixture 

(Tsuboyama-Kasaoka et al., 2000). TNF-α has been found to promote apoptosis. 

Furthermore, T10, c12-CLA caused apoptosis in neoplastic mammary epithelial cells via 

stimulating endoplasmic reticulum stress by inhibition of caspase-12 stress which 

demonstrated by dilatation of the endoplasmic reticulum lumen under the electronic 

microscope, causing cell death (Ou et al., 2008). 

 T10, c12-CLA stimulate the Junk and MAPK causing apoptosis of the adipocytes (Kennedy 

et al., 2010; Yang et al., 2015). Additionally, t10, CLA caused stimulation of NF-Kβ leading 

to the release of pro-inflammatory markers, which caused apoptosis of adipocytes. The 

final mechanism is the fact that t10, c12-CLA might affect the maturation of pre-adipocytes 

to mature adipocytes. This because T10, c12-CLA has been found to inhibit the growth of 

human 3T3 adipose tissue by stimulating the production of several reactive oxygen species 

(ROX) , which consequentially lead to the release of several apoptosis and detoxification 

pathways to limit the damage caused by ROX (Meadus et al., 2017). 

 HSPA1A is one of the stress proteins that has been associated with cell survival and 

blocking of apoptotic pathway (Daugaard, Jäättelä, & Rohde, 2005; Sherman & Multhoff, 

2007). In the current study, the observed reduction in intra-cellar expression of HSPA1A in 

the PBMCs by CLA could be proposed as another anti-apoptotic mechanism for CLA. One 

reason for this is that CLA seems to activate the apoptosis via several mechanism including 

stimulation of c-JNK, caspase 9 and capase3 reviewed in (Yang et al., 2015). In contrast, 

HSPA1A interfere with multiple apoptotic pathways, by modulating the action of several 

apoptotic proteins, such as c-JNK (Park et al., 2002), caspase 3 (Jäättelä et al., 1998), 

Caspase9 (Xu et al., 2007) (Figure 6.2). Therefore, CLA could cause apoptosis of the adipose 

tissue via the same mechanism. In addition, this could be a potential mechanism to explain 

the anti-cancer effect of the CLA. 
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6.3 The effect of CLA on lung functions 

The effect of CLA on lung functions appeared to be indirect, as this study did not 

demonstrate any direct effect of CLA on lung function apart from the positive association 

(R=0.45, p= 0.04) between PEF and c9, t11-CLA in perimenopause women, (Figure 4-5, A) 

and (Table 6.2). This indirect effect might be explained by two hypotheses:  the mild anti-

obesity effect of CLA, and the potential inflammation modulation effect of CLA 

demonstrated from looking at the expression of adhesion molecules and intracellular 

HSPA1A (Table 6.2), which will be discussed in more details in the following sections. 

 The first hypothesis assumed that the demonstrated CLA-induced %BF reduction might 

lead to a subsequent reduction in the released pro-inflammatory cytokines such as IL-1β, 

and TNF-α that mediate the release of leptin (Faggioni et al., 1998; Zumbach et al., 1997) 

from the adipose tissue. Obesity not only caused the release of pro-inflammatory 

adipokines, leptin, which negatively influence airway functions (Kramer, Hirota, Sood, 

Teschke, & Carlsten, 2017), but also it reduced the release of anti-inflammatory 

adipokines, adiponectin. Hence, this mild reduction in the %BF might improve lung 

function, by reducing the secreted leptin and increasing adiponectin. This is because 

adiponectin was associated with respiratory functions improvements. The positive 

association between adiponectin and CLA in obese and overweight women (Table 6.2) 

could support this assumption. However, this assumption was not supported by the RCT, 

as despite the reduction in %BF by CLA, there is no reduction in leptin or an increase in 

adiponectin. Similarly, several meta-analyses did not support that CLA supplementation 

did not mediate the level of leptin or adiponectin (Mohammadi-Sartang et al., 2018; von 

Frankenberg et al., 2014). However, the lack of CLA effect on leptin could be explained by 

the fact that increasing the level of leptin was found to be associated with increasing the 

level of fasting insulin level, and this action was independent of the TBF (Mohammadi-

Sartang et al., 2018; West et al., 1998). Therefore, perhaps increasing the insulin level due 

to the previously demonstrated CLA-induced-insulin resistance (Risérus, Vessby, et al., 

2004) might prevent the reduction in the leptin level. 

 The RCT showed a reduction in the aggressiveness of immune response in the CLA 

supplemented group which was can be clearly seen by reversing the obesity induced 

chronic inflammation, i.e. the increase of CD11b and reductions of CD62L (Cottam, 

Schaefer, Shaftan, et al., 2002). Therefore, the significant reduction in the expression of 

CD11b, and the increase in the expression of CD62L on the stimulated pro-inflammatory 
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monocytes. These results suggest a possible beneficial effect of CLA on lung function. This 

could be supported by a recent study which showed that treating human epithelial cells 

(BEAS-2B) with c9, t11-CLA caused suppression of the adhesion molecules in stimulated 

monocytes via alteration of phosphorylation of mitogen protein kinase (MAPK) and down-

regulation of NF-Kβ which has been found to be associated with respiratory diseases   

(Huang et al., 2016), (Figure6.1). 

Table 6-2. The main significant results about CLA and its effects on lung functions, 

adipokines and inflammation.  

 
Overall Age<51 Age≥51 BMI30-35 BMI≥35 

%PEF ↔ ↔ +veC9* 

-veT10* 

↔ ↔ 

leptin ng/ml ↔ -vet10* ↔ ↔ ↔ 

Adiponectin µg/ml ↔ ↔ ↔ +veCLA* +veC9*, 

CLA* 

Cross sectional study overall Age<51 Age≥51 

HSPA1A (MFI), Lymphocytes  ↔ +vec9* 

HSPB1 (MFI), PBMCs +vec9** +vec9** ↔ 

HSPB1 (MFI), Monocytes +vec9**, CLA** +vec9**, CLA** ↔ 

CD11b (MFI) -veCLA*  ↔ 

Randomised control trial     

∆ CD11b, s (MFI) ↓0-12#   

∆ CD62L, s (MFI) ↑0-6, #   

HSPA1A (MFI), PBMCs ↓0-12*   

%PEF ↑6#     

Positive association (+ve), negative association (-ve); ↓reduction; ↑ increase; ↔ non-significant 
result* significant at p<0.05, ** significant at p<0.01; ***significant at P<0.00; *indicates 
significance compared to base line in CAL group. # indicates significant change compared in placebo. 
0 at baseline, 6 at week 6, 12 at week 12. ∆ is the changes. 

 

 The second hypothesis assumes that, the effect of CLA on NF-Kβ could be associated with 

the respiratory disorder (Huang et al., 2016). This is because activation of NF-Kβ has been 

detected in several animal models with lung injuries (Alvira, Abate, Yang, Dennery, & 

Rabinovitch, 2007; Ko, Yang, Huang, Hsu, & Chen, 2013). In humans,  lower cytoplasmic 

levels of NF-Kβ in the alveolar macrophage have been found in patients with acute 
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respiratory distress syndrome compared to control (Moine et al., 2000). Similarly, the level 

of NF-Kβ in the induced sputum and bronchial biopsies of asthma patients was higher 

compared to control (Hart, Krishnan, Adcock, Barnes, & Chung, 1998). Since, c9, t11-CLA 

induced an anti-inflammatory effect via inhibiting MAPK and subsequently NF-Kβ which 

suggests a beneficial effect on lung functions (Huang et al., 2016), (Figure 6.1). This could 

be confirmed by the result of a study which found  that c9, t11-CLA reduced allergic 

sensitization and airway inflammation (Jaudszus, Krokowski, Möckel, et al., 2008). 

However, t10,c12-CLA did not demonstrated the same anti-inflammatory effect as c9, t11-

CLA on human bronchial epithelial cells and eosinophils (Jaudszus et al., 2005), which 

suggest that c9, t11-CLA might be the main controller for the anti-inflammatory effect of 

CLA on the respiratory system. Particularly that the CLA supplementation in this thesis did 

not demonstrate a significant change in the pulmonary functions. 

 Although, there is lack of direct effect of CLA on the pulmonary function in the current 

trial, CLA might be indirectly improve the lung function. This is because the significant 

reduction in HSPA1A which was demonstrated in the current study could be beneficial for 

subject with allergy and asthma, as there is evidence that the high level of HSPA1A in 

plasma and sputum was associated with severe asthma (Changchun et al., 2011). 

Additionally, HSPA1A was high in the nasal fluid of subjects with allergic rhinitis compared 

to control (Min et al., 2017). However, the HSPA1A in the previous two study was the 

extracellular HSPA1A which has pro-inflammatory properties, while the demonstrated 

HSPA1A in this study is an intracellular HSPA1A which tend to have more anti-

inflammatory properties. As intracellular HSPA1A caused deactivation of NF-Kβ  which 

subsequently repressed cytokines in rats  (Dokladny, Lobb, Wharton, Ma, & Moseley, 

2010) and in human retina epithelial cells (Paimela et al., 2011). However, more research 

needs to be conducted to look if the reduction in the intracellular HSPA1A will lead to a 

subsequent reduction in HSPA released in body fluids, such as, sputum, plasma and nasal 

fluid or not. Ultimately, CLA might influence the lung functions by influencing the 

systematic inflammatory and immunomodulatory markers rather than directly influencing 

the lung functions. 
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6.4 Issues in assessing the dietary intake in the RCT 

The aim of assessing the energy intake in the current RCT in chapter 5 was to look at the 

effect of CLA on the energy intake. Ideally, under reporting should be considered while 

analysing the food diary. Indeed, it was found that non obese and obese women tended 

to underreport their total energy intakes and their carbohydrate intakes, mainly due to 

the fact that many subjects tended to misreport the added sugar, snakes as well as the 

drinks (Poppitt et al., 1998). One possible way to control for the potential under reporting 

is to use estimated energy intakes rather that the reported energy intakes, because it 

considers the individual age, physical activity level, age, height, weight and gender of the 

participant (Rennie, Coward, & Jebb, 2007). Genuinely, the estimated intakes are used in 

the epidemiological cross-sectional studies (Rennie et al., 2007). However, the current RCT 

did not used the estimated energy intakes because the aim of using the food diary was to 

monitor if CLA causes change in the total energy intakes, as well as the macronutrient 

intakes compared to baseline. Therefore, we assumed that participants who tended to 

under report their dietary intake will keep do it consistently at each time point in the RCT. 

Also, another opinion suggested that under reporting is not a universal where it was 

reported in some population like American women while not reported in Egyptian women 

(Harrison et al., 2000). Ultimately, under reporting might influences the actual dietary 

intake, and it should be considered in data interpretation of epidemiological study or when 

comparing the energy intakes in different population (Rennie et al., 2007), but it might 

have limited effect on comparing dietary intake in the same subjects at different time 

points RCTs, because some subject might keep underreporting at each time point. 

However, this assumption needs to be explored in the future studies  

6.5 Why it is difficult to measure the CLA intakes from food diary. 

Ideally, controlling CLA intakes from the food diary is required for adequate interpretation 

of the results of the CLA supplementation studies. However, this seem to be challenging 

for several reasons mainly because, there is no accurate assessment method that can 

assess The CLA intake from diet. Initially in 2001, it was found that the dietary record 

underestimated the CLA intakes (Ritzenthaler et al., 2001). In 2002, assessing the CLA 

intake using food frequency questionnaire did not show and acceptable correlation with 

plasma and triglycerides level of CLA, and the CLA intakes assessed by 7 day-food records 

showed a good association with the plasma level of C9, t11-CLA in women (Fremann, 

Linseisen, & Wolfram, 2002). However, the latter methods might be a burden for the 
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participants in the RCT. Which made most of the researchers used the 3day food diaries 

to measure the CLA intakes (Ghobadi et al., 2016; Jaudszus et al., 2016). 

 Additionally, the significant association between CLA in diet and biomarkers was not 

consistent in literature, where it was significantly detected in males after receiving 

112g/day Cheddar cheese (Huang, Luedecke, & Shultz, 1994). in other trial the association 

between the intakes and biomarker was detected in females (Abdelmagid et al.,2013). This 

again confirm the possible effect of sex hormone on the level of CLA as discussed by 

(Abdelmagid et al., 2013) which explain the detected variation of anti-obesity effect in peri 

and post menopause women in Chapter2. In addition, this highlight the importance of 

controlling for the menstruation cycle in CLA supplementation trials, which could be 

possible by running the interval clinics at 4 weeks rather than 6 weeks for women with 

regular menstrual cycle. Also, controlling for receiving contraceptives is important for 

appropriate interpretation of the RCT results. The latter control could be made by 

differentiating between participants receiving contraceptives versus those who did not 

receive contraceptives.  

 Assessing the CLA intake in previous research depended on the intake of dairy products 

and ruminant meat in the food diaries(Ghobadi et al., 2016; Jaudszus et al., 2016). 

However, this approach has several limitation, primarily it is very hard to know if the CLA 

intake was from animal feed grain or grass, for example .Jaudszus et al. (2016) tried to 

control for the type of animal feed by assuming that 98%of ruminant forage in Germany 

was derived from conventional feed (low CLA content), meanwhile 2% was derived from 

organic pasture sources (high in CLA). However, this percentage has already changed in 

2009 and the contribution of organic products in 2009 was 3.1%in Germany, but such 

information for UK diary product was not clear (Schaack, LERNOUD, PADEL, & WILLER, 

2011).  

 Another factor that limits the estimation of conjugated linoelic acid in diet is the gut 

microbiome as there is growing in vitro evidence that lactobacillus species might play role 

in the endogens synthesis of CLA (Renes et al., 2017). However, weather this could 

happened in human as well as animal is unknown and requires further studies  

As discussed in Chapter 1, the fact that CLA level in dairy products influenced by the food 

processing and seasonal changes which again add more challenge and make it difficult to 

assess the actual CLA intake in the diet.  
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6.6 Clinical implication – Key findings  

The detected reduction in BW in the current meta-analysis were mild as it was less than 

5% which assigned to a clinically significant threshold (Christian et al., 2010). However, 

improving the compliance with CLA by using enriched food with CLA could lead to a higher 

reduction in the obesity marker as well as a better elevation in the plasma level of the 

circulating CLA. This, in turn, could help in reducing the mechanical negative effect of 

obesity on the lung functions (Figure 6.2). The demonstrated mild effect of CLA on obesity 

might be enhanced if it is combined with other anti-obesity medications or nutraceuticals. 

For example Tarnopolsky et al. (2007) combined 6g/day CLA with Creatine- Monohydrate 

(5g/day) which is a natural compound found in meat, and it is used to increase the LBM 

(Tarnopolsky et al., 2007). In the later trial older adult post menopause women 

supplemented for 24 weeks caused 8% reduction and 3.9% increase in the TBF and LBM, 

respectively. These results could be promising for a post menopause woman who might 

be subjected to muscle mass loss. Similarly, another trial by Diaz, Watkins, Li, Anderson, 

and Campbell (2008) supplement CLA with Chromium picolinate, which has been 

suggested to reduce %BF and increases LBM during weight loss and increase the energy of 

expenditure (Anderson, 1998; Pittler, Stevinson, & Ernst, 2003). Diaz et al. (2008) showed 

a 3.5% reduction in the BW and 8.9% reduction in %BF in perimenopause overweight 

women received CLA and chromium picolinate. However, there was no significant 

difference between the intervention and the placebo group, and this trial had a dietary 

intervention besides the supplement, which could influence the results. Also, both trials 

did not compare the combined effect of the two supplements versus the effect of 

individual supplements. In addition, both trials have an exercise intervention, which again 

might influence the results. In 2015, combining CLA supplementation with low caloric high 

protein diet for 14 weeks showed a significant 4.2% reduction in BW compared to 2.2% 

reduction in the group received placebo with the low caloric high protein diet, and 0.01% 

reduction in the group with a low caloric high protein diet. The same trial found 5.6% 

reduction in %BF versus 0.2% increase in the group with caloric restriction only. Ultimately, 

supplementing CLA with other weight reduction supplement and diets might influence the 

effect of CLA supplementation. However, more trials controlling for the confounding 

factors and assesses the compliance of participants with diet and exercise, as well as CLA 

are needed to confirm this effect. 

 The medications that has been used to manage asthma have several potential 

complications, for example, short and long -acting β2 agonists might cause tachycardia 
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(Haney & Hancox, 2006), as well as the inhaled corticosteroid, might cause several 

systematic complications, such as osteoporosis, glaucoma, growth retardation  and oral 

candida (Rossi et al., 2007). This side effect might lead to poor adherence with asthma 

medication (Hinyard, Geremakis, & Temprano, 2012). Therefore, CLA as a natural food 

product with mild effect on obesity and inflammation could help to control mild to 

moderate asthma, if a significant evidence was detected. 

 CLA could be offered as a supplement for obese and overweight women with respiratory 

disorders, such as asthma, or with sleeping apnea. This is because the mild reduction in 

obesity markers could help to reduce the release of the pro-inflammatory markers such as 

leptin, TNF-α and IL-6 which is associated with risk of asthma (Figure 6.2). The 

immunomodulatory effect of CLA that was detected in the current RCT by the reduction 

of the expression of CD11b on the pro-inflammatory monocytes suggested a potentially 

positive effect on lung functions as well as, (Figure 6.2), a reduction in the risk of 

developing atherosclerosis, as previously discussed in Chapter 5. Combining CLA with 

asthma treatment and anti-oxidants could augment the anti-inflammatory effect and 

improving airway hyper responsiveness. For example combining 1gm/day nitrate and 

1gm/day nitrite, markers for asthma control (Butler & Feelisch, 2008) with 4.5g/day CLA 

for 12 weeks showed promising results in a pilot study where CLA supplementation caused 

an increase in exhaled FENO and improvement of asthma control questionnaire in obese 

subjects with asthma  (Wendell et al., 2017). 

 Modulation of the HSPA1A expression by CLA could be suggested a potential therapeutic 

target for respiratory disorders due to the association between the high anti-HSPA1A and 

the asthma risks, as well as other respiratory disorder (Figure6.2) (Hosseini et al., 2018; 

Min et al., 2017; Oelsner et al., 2018). However, Further investigation on the effect of CLA 

on both intracellular and extracellular expression of HSPA1A is need, because HSPA1A 

could be a potential target to treat respiratory disorders. 

 The results of the cross-sectional trial and RCT showed that the level of the circulating 

level of the UK women was lower compared to that detected by the Canadian and 

Australian. However, the lack of a normal range of CLA in plasma or a recommended daily 

intake mad the benefits of regular CLA supplementation is not clear. Although, we 

demonstrated a significant association between the BMI reductions and both 

supplementation duration and dose in the meta-analysis, the therapeutic range of each 

isomer and for each biological activity of CLA need to be addressed in the future research. 
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 CLA should be considered cautiously in subjects with diabetes; this because in the current 

RCT CLA caused a significant reduction in the expression of intracellular HSPA1A in the 

monocytes, and this reduction could be related to the previously reported  insulin 

resistance that has been demonstrated in several human trials (Risérus, Basu, et al., 2002; 

Risérus, Vessby, et al., 2004). One reason for this is that increasing the expression of 

HSPA1A was found to provide a protective mechanism against insulin resistance and 

stimulation of anti-inflammatory effect (Chung et al., 2008). 

 CLA might be a  promising anti-cancer treatment because the detected reduction in 

HSPA1A could explain the anti-cancer effect of CLA that has been observed and reviewed 

in several pieces of literature (Koba & Yanagita, 2014; Yang et al., 2015). However, still, 

there are limited numbers of research have been done to detect the anti-cancer effect in 

human trials. 

 

Figure 6-2. The potential clinical implication of CLA. The red colour assigns to negative 
influences on health while green coloured assigned for a positive effect on health. Positive 
( ), negative ( ), no effect (↔). 

 

6.7 Future recommendation 

 Since the RCT did not demonstrate a significant difference in the level of the circulating 

CLA in the plasma; the reason for this might be, poor compliance, the interference with 

CLA from a diet, and the influence of contraceptive tablets and sex hormones on the level 

of CLA. This raises the importance of developing a validated quantitative or semi 

quantitative questionnaire to estimate the CLA intake in the UK population, in order to 

control variation in CLA intakes among the participants. 
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The statistical approach which was used in the cross-sectional (Chapter 4) to look at the 

correlation between the plasma level of CLA and the obesity, lung functions, adipokines 

and inflammation could be improved by exploring non-liner regression, or multiple 

regression to control for confounding factors in Chapter 4. So using logistic regression 

approach will be considered when publishing the results of this cross-sectional study to 

control for the potential confounding factors (Cepeda, Boston, Farrar, & Strom, 2003) 

 In women, CLA level in the plasma is not only influenced by the sex hormones, but also it 

affected by receiving contraceptive. This makes sub-grouping participants based on their 

menopausal age and receiving contraceptives might be required for a reliable 

interpretation of the CLA supplementation trials’ results. Additionally, running 

supplementation for 12 weeks with two 4 weeks’ intervals could help to control the 

hormonal change during the menstrual cycle in premenopausal women. Investigating the 

best human biological sample to monitor the compliance with CLA supplementation 

(plasma, serum, adipose tissue or the blood cells) is essential for accurate interpretation 

of the results (Burdge et al., 2004). 

 Doing meta-analyses to justify the effect of CLA lipid profile LDL, HDL, TG and, diabetes 

markers such as HBA1c, fasting blood sugar, insulin resistance and beta cells-activity will 

provide a higher level of evidence based about the efficiency of CLA supplementation to 

obese and overweight subjects with and without a metabolic disorder. 

 HSPA1A was found to protect against obesity-induced insulin resistance (Chung et al., 

2008), so the demonstrated reduction in the level of HSPA1A on the PBMCs after 12 weeks 

of CLA supplementation in our trial might be a rationale to conduct other studies using cell 

culture systems, such as stromal vascular cells from human adipose tissue, used before by 

(Brown et al., 2004), to explore two main effects. The first one is if this effect could be a 

potential mechanism explaining the CLA induced insulin resistance, which has been 

observed in several trials (Risérus, Ärnlöv, et al., 2004; Risérus, Basu, et al., 2002; Risérus, 

Vessby, et al., 2004). In more details, treating human adipose tissue such as, primary 

cultures of stromal vascular cells as previously done by Brown et al. (2001) with CLA 

mixture, then look at the expression of HSPA1A in absence of NFKβ agonists and 

antagonists. The second effect exploring if this effect of CLA on HSPA1A could explain the 

anti-cancer effect of CLA, which could be investigated by treating cancer cell lines such as, 

breast cancer, colon cancer while looking anti the intercellular expression of HSPA1A. 
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 Exploring the influence of CLA on lung functions need to be studied in subjects with 

pulmonary diseases such as mild to moderate and severe asthma, COPD, lung cancer or 

subjects with sleeping apnea will be useful. Additionally, investigating the effect of CLA on 

respiratory functions using new techniques such as breath condensate or more challenging 

pulmonary function tests such as methacholine challenge, mannitol challenge or the 

exhaled nitric oxide test could be a more efficient method that can be used to test the 

effect of CLA on lung functions. 

6.8 Conclusion 

CLA is one of the Omega-6 members and the main source of CLA is the meat fat and dairy 

products with large debates about its influence on obesity markers. The current thesis has 

three main components, a meta-analysis which showed that CLA could have a mild 

reducing effect on the obesity markers, such as BMI, BW and TBF when it was 

supplemented for less than 6 months. Although there was a detected statistical 

significance, the clinical efficiency is slightly questionable. The second study is the first 

cross-sectional study that looked at the association between the circulating plasma total 

CLA and individual isomers and the obesity markers, lung functions and obesity. 

Interestingly, the association between circulating CLA and most obesity markers in this 

study did not support the anti-obesity effect. However, the negative association between 

the circulating level of t10, c12-CLA and the TBF (R=-0.42, P<0.004) in overweight seems 

to agree with the results of previous studies which suggested that the anti-obesity isomer 

is t10, c12-CLA and not c9, t11-CLA. The RCT seems to complement the body fat reducing 

the effect of CLA. However, the lack of significant difference in the plasma concentration 

of CLA is limiting this interpretation. CLA did not demonstrate a significant direct effect on 

lung functions, which might be because most of the participants were having a normal 

lung function. However, CLA supplementation seems to reduce the aggressiveness of the 

immune response and obesity-induced chronic inflammation, which was demonstrated by 

the increase in the reduction of CD11b in the pro-inflammatory monocytes, and increase 

the expression of CD62L, which could indirectly influence the development of lung disease 

and atherosclerosis. One of the interesting findings of this finding is the reduction of 

HSPA1A on the PBMC after 12 weeks CLA supplementation, which could be a potential 

mechanism to explain why CLA might cause insulin resistance, increase apoptosis and 

improve lung functions. However, these are still the initial steps and more studies on 

different cell lines needed to confirm these findings.  
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8.1 Appendixes 8.1 

8.1.1 Materials  

Table 8-1. Consumable 

Consumable item Manufacturer  Catalogue number  

0.6 ml Micro centrifuge tubes  Star lab (UK) Ltd.   (Cat. n° E1405-0600) 

1.5ml Micro centrifuge tubes  Star lab (UK) Ltd.  (Cat n° S1615-5500) 

15 mL centrifuge tubes,  Star lab (UK) Ltd.   (Cat n°S1415-0200) 

50 mL centrifuge tubes  Star lab (UK) Ltd.   (Cat. n°E1450-0200) 

200µl Yellow Tip, Non-Sterile  Star lab (UK) Ltd.  (Cat. n° S1111-0006) 

1000μl Blue Graduated Tip, Non-Sterile  Star lab (UK) Ltd.  (Cat. n° S1111-6001) 

10µl Graduated Tip, Non- Sterile  Star lab (UK) Ltd.  (Cat. n° S1111-3000) 

Pasteur pipettes 3 mL  Star lab (UK) Ltd.  (Cat. n° E1414-0300) 

Storage Plate, 96-well, 200 µL, round 

well, V-bottomed  

Thermo Fisher Scientific Inc.  (Cat. n° AB1058) 

Adhesive plate seals Fisher Scientific Inc. (Cat. n° 11524794) 

Whatman™ Grade 54 Quantitative Filter 

Paper 

Fisher Scientific Inc. (Cat. n° 10225881) 

BD Eclipse Blood Collection Needle, 21g  Southern Syringe Services 

Ltd.  

(Cat. n° 368609) 

 BD Vacutainer One Use Holder  Southern Syringe Services 

Ltd.  

(Cat. n° 364815) 

BD Falcon Round Bottom Polystyrene 

Tube, 12 x 75mm 

Becton, Dickinson and 

Company 

(Cat. n° 352052) 

 BD Vacutainer® Whole Blood 

Tube,2EDTA, 10 ml  

Southern Syringe Services 

Ltd.  

(Cat. n° 367525) 

Mini- Wright Peak of flow meter  Williams Medical Supplies 

Ltd 

(Cat. n°W431) 

One-way Mouthpieces x 250 Williams Medical Supplies 

Ltd 

(Cat. n° D1150) 

Capsule container  
  

Vials, crimp top, convenience pack, 12 x 

32 mm, large opening, pkg 100  

Sigma Aldrich. Inc (Cat n°29127-U) 
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8.1.2 Equipment 

8.1.2.1 Equipment used for body composition and lung functions marker 

Table 8-2. Equipment 

Spirometer Micro loop Medical World Ltd.  (Cat. n°AWS-ML3535) 

Tanita MC-780 Multi Frequency 

Segmental Body Composition 

Analyser 

Tanita, Japan (Cat. n°Tanita MC-

780) 

Portable Stadiometer  Seca Precision for 

health; UK  

(Cat. n°Seca 213)    

Ergonomic circumference measuring 

tape 

Seca Precision for 

health; UK  

(Cat. n°Seca 203) 

Peak of flow meter.  (Williams Medical; UK (Cat. n°W431) 

MicroLoop 3535 Spirometer Micro Medical Limited; 

UK 

(Cat. n°ML3535) 

High oleic acid Safflower oil (Placebo)  A generous gift from 

Stepan lipid, 

Netherland 

 

Conjugated linoleic acid capsule 

capsules 1 g, 80% CLA mixture (Cis9, 

t10 CLA: Trans 10, cis 12; 50:50)  

A generous gift from 

Stepan lipid, 

Netherland 

 

8.1.2.2 Equipment used for immunity, inflammatory and metabolic markers  

Table 8-3. The equipment used for measuring the outcomes  

Equipment  Manufacturer  Catalogue no. 

Heraeus Multifuge X1  Thermo Fisher Scientific 

Inc.; UK 

(Cat. n°75004210) 

Bio-Tek Synergy™ HT Multi Detection 

Microplate Reader  

Labtech International Ltd; 

UK 

SIAFR  

BD Accuri™ C6 flow cytometer  BD Biosciences; USA 
 

Vortex mixer mini  Thermo Fisher Scientific 

Inc; UK  

(Cat. n° GBI-900-010E) 

Safety cabinet MSC-Advantage 1.2 Fisher Scientific UK Ltd 10795194 

Fisherbrand™ Graduated Glass Bottle 

Beakers with Black Phenolic Pulp/Tin Foil 

Cap 

Fisher Scientific UK Ltd (Cat. n° 02-911-923A) 

Qorpak™ Black Phenolic PolyCone Lined 

Caps 

Fisher Scientific UK Ltd (Cat. n° 11538182) 

Finnepipette® F2; 1000-5000µlpipetes  Thermo Scientific UK Ltd (Cat. n° LH96952) 
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Finnepipette® F2; 100-1000 µl pipettes  Thermo Scientific UK Ltd (Cat. n° MH60159) 

Finnepipette® F2; 10-100 µl Thermo Scientific UK Ltd (Cat. n° MH59994) 

Finnepipette® F2; 1-10 µl pipettes  Thermo Scientific UK Ltd (Cat. n° MH73434) 

Finnepipette® F2; 30-300ul multi-

channel pipettes  

Thermo Scientific UK Ltd (Cat. n° MH63371) 

Finnepipette® F2; 0-50ul multi-channel 

pipettes  

Thermo Scientific UK Ltd (Cat. n° MH12867) 

Stirrer/ hotplate, digital display, ceramic 

plate 

Stuart; UK (Cat n° UC152D) 

Hermle Z323K Refrigerated Centrifuge  VWR International Ltd.  (Cat. n° 521- 0221) 

Swing-out rotor (8 X 15 ml)   VWR International Ltd.  (Cat. n° 521-0189)  

Fixed angle Rotor (24 X 1.5 ml)   VWR International Ltd.  (Cat. n° 521-0201) 

 Fixed-angle Rotor (8 X 50 ml)   VWR International Ltd.  (Cat. n° 521-0194) 

Swing-out rotor (2x microtiter plate)   VWR International Ltd.  (Cat. n°521- 0410) 

OhausTM Pioneer PA2102 Precision 

Balance 

Fisher Scientific UK Ltd (Cat. n°10438645) 

StuartTM Mini Microtitre Plate Shaker Fisher Scientific UK Ltd (Cat. n°11486608) 

DXH 500 Haematology System Beckman Coulter, Inc. 
 

405 TS Microplate Washer BioTek, UK 
 

Hermle Z323K refrigerated centrifuge  VWR International. Ltd (Cat. n° 5210221) 

Fisherbrand™ accumet™ AB150 pH 

Benchtop Meters 

Fisher Scientific UK Ltd (Cat. n° 12840633) 

GC Clarus 480 PerkinElmer, Inc; USA 
 

8.1.3  Software 

Table 8-4. Software 

Software  Manufacturer Version  

Total Chrom Navigator software system  PerkinElmer Inc; USA  (Version 6.3.2) 

GraphPad Prism® GraphPad Software, Inc. Version 7.03 

IBM SPSS Statistics IBM, UK Version 24 

EndNote X7 Clarivate Analytics  

BD Accuri™ C6 Software BD Biosciences; USA 
 

Nutritics Professional Nutrition Analysis 

Software 

(Nutritics Ltd, Dublin, 

Ireland) 
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8.1.4 Reagents  

8.1.4.1 Reagents for flow cytometer 

Table 8-5. Reagents  

Reagent  Manufacturer  Catalogue no.  

AKC lysing buffer Gibco®  Thermo Fisher 

Scientific Inc; UK 

(Cat. n°A1049201) 

FITC [5D12-A12] Mouse Anti-Human HSPB1 

Monoclonal IgG2b Kappa  

Stress Marq 

Bioscience Inc.  

(Cat. n° SMC-186) 

Anti-HSPA1A Antibody [C92F3A-5] Mouse Anti-

Human HSPA1A Monoclonal IgG  

Stress Marq 

Bioscience Inc.  

(Cat. n° SMC-100-FITC) 

PE Mouse Anti-Human CD16 Clone 3G8 (RUO) 

100 tests  

BD Biosciences  (Cat. n°555407) 

APC-Cy™7 Mouse Anti-Human CD14 Clone 

MφP9 (also known as MφP-9) (RUO) 100 tests  

BD Biosciences  (Cat. n°557831) 

FITC Mouse anti-Human CD11b/MAC-1 Clone 

ICRF44 (also known as 44) (RUO) 100 tests  

BD Biosciences  (Cat. n°562793) 

FITC Mouse Anti-Human CD62L Clone DREG-56 

(RUO) 100 tests   

BD Biosciences  (Cat. n°555543) 

APC Mouse Anti-Human CD5 Clone UCHT2 

(RUO) 100 tests   

BD Biosciences  (Cat. n°555355) 

PE Mouse IgG1, κ Isotype Control   Clone MOPC-

21 (RUO) 50 tests 

BD Biosciences  (Cat. n°556650) 

FITC Mouse IgG1, κ Isotype 

Control   Clone MOPC-21 (RUO) 

BD Biosciences (Cat. n°556649) 

APC-Cy™7 Mouse IgG2b, κ Isotype Control lone 

7-35 (RUO) 

BD Biosciences (Cat. n°558061) 

Dulbecco's Phosphate-Buffered Saline (DPBS), 

(LONZA, UK); 

Scientific Laboratory 

Supplies Ltd (SLS) 

(Cat. n°LZBE17-512F) 

Foetal Bovine Serum, qualified, US origin (FBS), 

Gibco® 

Thermo Fisher 

Scientific Inc; UK  

(Cat.n °11563397) 

Paraformaldehyde, Pulver, 95%   Sigma-Aldrich Inc.  (Cat. nᵒ 158127)  

Hydrochloric acid Sigma-Aldrich Inc. (Cat. nᵒ 435570) 

Sodium hydroxide Sigma-Aldrich Inc. (Cat. nᵒ 71687) 

Lipopolysaccharides from E. Coli 0111: B4  Sigma-Aldrich Inc.  (Cat. nᵒ L4391-1MG) 

Histopaque®-1077 Hybri-max Solution  Sigma-Aldrich Inc.  (Cat. n° H-8889) 

BD Cytofix/Cytoperm™ BD Biosciences  (Cat. n°554722) 
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8.1.4.2 Reagents for ELISA 

Table 8-6. Reagents for ELISA 

Reagents  Manufacturer  Catalogue no. 

Human Leptin ELISA Kit  Abcam plc. (Cat. n°ab100581) 

Human Adiponectin-Elisa-Kit Abcam plc. (Cat. n°ab108786) 

 

8.1.4.3 Reagents for gas chromatography 

Table 8-7. Reagents for gas chromatography 

Reagents Manufacturer Catalogue no. 

Supelco 37 Component FAME Mixcertified 

reference material, TraceCERT®, in 

dichloromethane (varied conc.), ampule of 

1 mL 

Sigma-Aldrich Inc.  (Cat. n°CRM47885) 

Sodium Chloride, Certified AR for Analysis,  Fisher Scientific Inc.  (Cat. n°10428420) 

Methyl 10(E), 12(Z)-octadecadienoate (t10, 

c12-CLA) 

Abcam plc. (Cat.n°ab143918) 

Methyl 9(Z), 11(E)-octadecadienoate (C9, t11-

CLA) 

Abcam plc. (Cat.n°ab143919) 

Methanol HPLC grade Fisher Scientific Inc.  (Cat.n° M/4056/17) 

Hexane HPLC grade  Fisher Scientific Inc.  (Cat.n° H/ 0406/15) 

Tridecanoic acid C:13 as an internal standard  Sigma-Aldrish Inc.  (Cat.n° 91988-5G) 

Boron trifluoride-methanol solution 14% 

V/Vin methanol  

Sigma-Aldrish Inc.  (Cat.n° B1252-1L) 

Potassium hydroxide, Ca. 85%, extra pure, 

FLacks  

Acros Organic  (Cat. n° 232550010). 

  



 

230 
 

8.2 Appendix 2 

Ethical approval of the crosse sectional trial   
 
 

  

Faculty of Medicine, Dentistry and Clinical Sciences 

Research Ethics Committee 

frec@chester.ac.uk 

03/05/2016 

Hanady Hamdallah 

Allington Place 

Chester 

 

Dear Hanady 

 

Study title: The association between body composition, inflammation and 

lung function.  

FREC reference: 1145/16/HH/IoMed 

Version number: 1 

Thank you for sending your application to the Faculty of Medicine, Dentistry and Clinical 

Sciences Research Ethics Committee for review. 

I am pleased to confirm ethical approval for the above research, provided that you comply 

with the conditions set out in the attached document, and adhere to the processes 

described in your application form and supporting documentation.  

N.B remove ‘Consent to audio record’ from Consent Form as there is no interview in this 

part of the study  

The final list of documents reviewed and approved by the Committee is as follows: 

Document                       Version Date 

Application Form                                   1  March 16 

Appendix 1 – List of References 1  March 16 

Appendix 2 – Summary CV for Lead Researcher 1  March 16 

Appendix 3 – Risk Assessment  1  March 16 

Appendix 4 – Participant Information Sheet [PIS] 1  March 16 
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Appendix 5 – Letter(s) of invitation to participants  1  March 16 

Appendix 6 - Consent Form 1  March 16 

Appendix 7 – Copies of advertising material(s) 1  March 16 

Appendix 8 – Measurement protocols 1  March 16 

Appendix 9 – Flow chart for the study 1  March 16 

Appendix 10 – Power Calculation 1  March 16 

 1  March 16 

Response to FREC request for further information or 

clarification 

1  

 

Please note that this approval is given in accordance with the requirements of English 

law only. For research taking place wholly or partly within other jurisdictions (including 

Wales, Scotland and Northern Ireland), you should seek further advice from the 

Committee Chair / Secretary or the Research and Knowledge Transfer Office and may 

need additional approval from the appropriate agencies in the country (or countries) in 

which the research will take place. 

With the Committee’s best wishes for the success of this project.  

Yours sincerely, 

 

 

Professor Ben Green 

Chair, Faculty Research Ethics Committee 

Enclosures: Standard conditions of approval.  

Cc. Supervisor/FREC Representative 
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8.3 Appendix 3 

Ethical approval for the RCT 

 
Faculty of Medicine, Dentistry and Clinical Sciences 

Research Ethics Committee 

frec@chester.ac.uk 

 

03/03/2016 

Hanady Hamdallah 

Allington Place 

Handbridge 

 

Dear Hanady 

 

Study title: The effect of CLA on body composition, lung function and inflammation 

in obese and overweight women.  

FREC reference: 1141/16/HH/CSN 

Version number: 1 

Thank you for sending your application with amendments to the Faculty of Medicine, 

Dentistry and Clinical Sciences Research Ethics Committee for review. 

I am pleased to confirm ethical approval for the above research, provided that you comply 

with the conditions set out in the attached document, and adhere to the processes 

described in your application form and supporting documentation.  

The final list of documents reviewed and approved by the Committee is as follows: 

Document                       Version Date 

Application Form                                   1 Nov 2015 

Appendix 1 – List of References 1 Nov 2015 

Appendix 2 – Summary CV for Lead Researcher 1 Nov 2015 

Appendix 3 – Letter(s) of invitation to participants 2 Jan 2016 

Appendix 4 – Participant Information Sheet [PIS] 2 Jan 2016 

Appendix 5 – Letter of Invitation to participants 1 Nov 2015 
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Appendix 6 – Participant Consent Form 1 Nov 2015 

Appendix 7 – Validated questionnaire 2 Jan 2016 

Appendix 8 – Copies of advertising materials 2 Jan 2016 

Appendix 8 – Interview schedule/topic 1 Nov 2015 

Appendix 9 – Measurement protocol 1 Nov 2015 

Appendix 10 – Health screening document 2 Jan 2016 

Appendix 11 – Flow chart for study protocol 2 Jan 2015 

Appendix 12 – Side effect symptom diary 2 Jan 2016 

Appendix 13 – Power Calculation 1 Nov 2015 

Appendix 14 – List of abbreviations 1 Nov 2015 

 1 Nov 2015 

Response to FREC request for further information or 

clarification 

  

Please note that this approval is given in accordance with the requirements of English 

law only. For research taking place wholly or partly within other jurisdictions (including 

Wales, Scotland and Northern Ireland), you should seek further advice from the 

Committee Chair / Secretary or the Research and Knowledge Transfer Office and may 

need additional approval from the appropriate agencies in the country (or countries) in 

which the research will take place. 

 

With the Committee’s best wishes for the success of this project.  

Yours sincerely, 

 

 

Professor Ben Green 

Chair, Faculty Research Ethics Committee 

 

Enclosures: Standard conditions of approval.   

Cc. Supervisor/FREC Representative  
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8.4 Appendix 4 

8.4.1 Standard curve for Leptin 
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(A) is the standard curve for leptin using ELISA and (B) is the maximization of the lower 

part of the standard curve 

8.4.2 Appendix Standard curve for adiponectin  
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The standard curve of adiponectin analysed by ELISA 
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8.5 Appendix 5 Detailed hypothesis of Chapter 4 

8.5.1  Body composition Hypothesis 

H1: There is association between the BW (kg) and the circulating level of CLA in plasma.   

H0: There is no association between the BW (kg) and the circulating level of CLA in 

plasma. 

H2 There is association between the %BF and the circulating level of CLA in plasma. 

H0: There is no association between the %BF and the circulating level of CLA in plasma.   

H3 There is association between the TBF (kg) and the circulating level of CLA in plasma.  

H0 There is no association between the TBF (kg) and the circulating level of CLA in 

plasma. 

H4 There is association between the LBM (kg) and the circulating level of CLA in plasma. 

H0 There is no association between the LBM (kg) and the circulating level of CLA in 

plasma. 

H5 There is association between the BMR (kcal/day) and the circulating level of CLA in 

plasma. 

H0 There is no association between the BMR (kcal/day) and the circulating level of CLA in 

plasma.  

8.5.2  Lung function Hypothesis 

H1 There is association between %FEV1 predicted and the circulating level of CLA in 

plasma. 

H0 There is no association between %FEV1 predicted and the circulating level of CLA in 

plasma. 

H2 There is association between %FVC predicted and the circulating level of CLA in 

plasma.  

H0 There is no association between %FVC predicted and the circulating level of CLA in 

plasma. 

H3 There is association between %FEV1/FVC predicted and the circulating level of CLA in 

plasma. 

H0 There is no association between% FEV1/FVC predicted and the circulating level of CLA 

in plasma.   

H4 There is association between %PEF predicted and the circulating level of CLA in 

plasma.  

H0 There is no association between % PEF predicted and the circulating level of CLA in 

plasma.   
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8.5.3  Adipokines Hypothesis 

H1 There is association between the leptin (ng/ml) and the circulating level of CLA in 

plasma.  

H0 There is no association between the leptin (ng/ml) and the circulating level of CLA in 

plasma.  

H2 There is association between the adiponectin (µg/ml) and the circulating level of CLA 

in plasma. 

H0 There is no association between the adiponectin (µg/ml) and the circulating level of 

CLA in plasma.   
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8.6 Appendix 6 Hypotheses of the RCT 

8.6.1  Obesity hypotheses 

- Primary hypothesis 

- H1: There is a significant reduction in BMI in CLA supplemented group compared 

to placebo group. 

- H0: There is no significant reduction in BMI in CLA supplemented group 

compared to placebo group.  

- Secondary hypotheses. 

- H2: There is a significant reduction in BW in CLA supplemented group compared 

to placebo group. 

- H0: There is no significant reduction in BW in CLA supplemented group 

compared to placebo group.  

- H3: There is a significant reduction in WHR in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant reduction in WHR in CLA supplemented group 

compared to placebo group.  

- H5: There is a significant increase in LBM in CLA supplemented group compared 

to placebo group. 

- H0: There is no significant increase in LBM in CLA supplemented group compared 

to placebo group. 

- H6: There is a significant increase in %LBM in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant increase in %LBM in CLA supplemented group 

compared to placebo group. 

- H8: There is a significant reduction in TBF in CLA supplemented group compared 

to placebo group. 

- H0: There is no significant reduction in TBF in CLA supplemented group 

compared to placebo group.  

- H9: There is a significant reduction in %BF in CLA supplemented group compared 

to placebo group. 

- H0: There is no significant reduction in %BF in CLA supplemented group 

compared to placebo group.  

- H10: There is a significant increase in the basal metabolic rate in CLA 

supplemented group compared to placebo group. 
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- H0: There is no significant increase in the basal metabolic rate in CLA 

supplemented group compared to placebo group. 

8.6.2 Lung function hypotheses 

Primary hypothesis 

- H1: There is a significant increase in %PEF predicted in CLA supplemented group 

compared to placebo group. 

H0: There is no significant increase in %PEF predicted in CLA supplemented 

group compared to placebo group. 

Secondary hypotheses. 

- H2: There is a significant increase in %FEV1 predicted in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant increase in %FEV1 predicted in CLA supplemented 

group compared to placebo group. 

- H3: There is a significant increase in %FVC predicted in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant increase in %FVC predicted in CLA supplemented 

group compared to placebo group. 

- H8: There is a significant increase in %FEV1/FVC predicted in CLA supplemented 

group compared to placebo group. 

- H0: There is no significant increase in %FEV1/ FVC predicted in CLA 

supplemented group compared to placebo group. 

8.6.3 Adipokines hypotheses  

Primary hypothesis 

- H1: There is a significant reduction in leptin in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant reduction in leptin in CLA supplemented group 

compared to placebo group. 

Secondary hypothesis. 

- H2: There is a significant increase in adiponectin in CLA supplemented group 

compared to placebo group. 

- H0: There is no significant increase in adiponectin in CLA supplemented group 

compared to placebo group. 
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8.6.4 Inflammation hypotheses  

Primary hypothesis 

- H1: there is a significant change in the expression of HSPA1A on PBMCs in CLA 

group compared to placebo group. 

H0: there is no significant change in the expression of HSPA1A on PBMCs in CLA 

group compared to placebo group. 

Secondary hypotheses  

- H2: there is a significant change in the expression of HSPA1A on lymphocytes in 

CLA group compared to placebo group. 

H0: there is no significant change in the expression of HSPA1A on lymphocytes in 

CLA group compared to placebo group. 

 

- H3: there is a significant change in the expression of HSPA1A on monocytes in 

CLA group compared to placebo group. 

H0: there is no significant change in the expression of HSPA1A on monocytes in 

CLA group compared to placebo group. 

 

- H4: there is a significant change in the expression of HSPB1on PBMCs in CLA 

group compared to placebo group. 

H0: there is no significant change in the expression of HSPB1 on PBMCs in CLA 

group compared to placebo group. 

 

- H5: there is a significant change in the expression of HSPB1 on lymphocytes in 

CLA group compared to placebo group. 

H0: there is no significant change in the expression of HSPB1 on lymphocytes in 

CLA group compared to placebo group. 

 

- H6: there is a significant change in the expression of HSPB1 on monocytes in CLA 

group compared to placebo group. 

H0: there is no significant change in the expression of HSPB1 on monocytes in 

CLA group compared to placebo group. 

 

- H7: there is a significant change in the expression of CD11b on pro-inflammatory 

monocytes (CD14++CD16+) in CLA group compared to placebo group. 
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H0: there is no significant change in the expression of CD11b on pro-

inflammatory monocytes (CD14++CD16+) in CLA group compared to placebo 

group. 

 

- H8: there is a significant change in the expression of CD11b on pro-inflammatory 

monocytes (CD14++CD16+) after 100ng/ml LPS stimulation for one hour in CLA 

group compared to placebo group. 

H0: there is no significant change in the expression of CD11b on pro-

inflammatory monocytes (CD14++CD16+) in CLA group compared to placebo 

group. 

 

- H9: there is a significant change in the increase of CD11b expression on pro-

inflammatory monocytes (CD14++CD16+) after LPS stimulation in CLA group 

compared to placebo group. 

- H0: there is no significant difference H8: there is a significant change in the 

increase of CD11b expression on pro-inflammatory monocytes (CD14++CD16+) 

after LPS stimulation in CLA group compared to placebo group. 

 

- H10: there is a significant change in the expression of CD62L on pro-

inflammatory monocytes (CD14++CD16+) in CLA group compared to placebo 

group. 

H0: there is no significant change in the expression of CD62L CD11b on pro-

inflammatory monocytes (CD14++CD16+) in CLA group compared to placebo 

group. 

 

- H11: there is a significant change in the expression of CD62L on pro-

inflammatory monocytes (CD14++CD16+) after 100ng/ml LPS stimulation for one 

hour in CLA group compared to placebo group. 

H0: there is no significant change in the expression of CD62L on pro-

inflammatory monocytes (CD14++CD16+) in CLA group compared to placebo 

group. 

 

- H12: there is a significant change in the reduction of CD62L expression on pro-

inflammatory monocytes (CD14++CD16+) after LPS stimulation in CLA group 

compared to placebo group. 
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H0: there is no significant change in the reduction of CD62L expression on pro-

inflammatory monocytes (CD14++CD16+) after LPS stimulation in CLA group compared to 

placebo group. 

8.6.5  Body composition Hypothesis 

H1: There is association between the BW (kg) and the circulating level of CLA in plasma.   

H0: There is no association between the BW (kg) and the circulating level of CLA in 

plasma. 

H2 There is association between the %BF and the circulating level of CLA in plasma. 

H0: There is no association between the %BF and the circulating level of CLA in plasma.   

H3 There is association between the TBF (kg) and the circulating level of CLA in plasma.  

H0 There is no association between the TBF (kg) and the circulating level of CLA in 

plasma. 

H4 There is association between the LBM (kg) and the circulating level of CLA in plasma. 

H0 There is no association between the LBM (kg) and the circulating level of CLA in 

plasma. 

H5 There is association between the BMR (kcal/day) and the circulating level of CLA in 

plasma. 

H0 There is no association between the BMR (kcal/day) and the circulating level of CLA in 

plasma.  

8.6.6 Lung function Hypothesis 

H1 There is association between %FEV1 predicted and the circulating level of CLA in 

plasma. 

H0 There is no association between %FEV1 predicted and the circulating level of CLA in 

plasma. 

H2 There is association between %FVC predicted and the circulating level of CLA in 

plasma.  

H0 There is no association between %FVC predicted and the circulating level of CLA in 

plasma. 

H3 There is association between %FEV1/FVC predicted and the circulating level of CLA in 

plasma. 

H0 There is no association between% FEV1/FVC predicted and the circulating level of CLA 

in plasma.   

H4 There is association between %PEF predicted and the circulating level of CLA in 

plasma.  
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H0 There is no association between % PEF predicted and the circulating level of CLA in 

plasma.   

8.6.7  Adipokines Hypothesis 

H1 There is association between the leptin (ng/ml) and the circulating level of CLA in 

plasma.  

H0 There is no association between the leptin (ng/ml) and the circulating level of CLA in 

plasma.  

H2 There is association between the adiponectin (µg/ml) and the circulating level of CLA 

in plasma. 

H0 There is no association between the adiponectin (µg/ml) and the circulating level of 

CLA in plasma. 

 


