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Abstract

Dietary intake may interact with gene variants and modulate inflammatory status. This study
aimed to investigate the combined effect of FTO (fat mass and obesity- associated) rs9930501,
rs9930506 and rs9932754 and ADRBZ2 (beta- 2 adrenergic receptor) rs1042713 on C- reactive
protein (CRP) concentrations using polygenic risk scores (PRS), and modulatory effect of
dietary nutrients on these associations. We hypothesized that higher protein intake is
associated with lower inflammatory status in individuals genetically predisposed to obesity.
PRS was computed as weighted sum of the risk alleles possessed, and was stratified into first
(0 to 0.64), second (0.65 to 3.59) and third (3.60 to 8.18) tertile. 128 overweight and obese
Malaysian adults were dichotomized into groups of low and elevated inflammatory status (CRP
concentrations <3 and >3 mg/L, respectively). Half of the study participants (51%) were found
to have elevated inflammatory status. Second tertile and third tertile PRS were significantly
associated with increased odds of elevated inflammatory status, 7.56 (Cl= 1.98-28.80;
adjusted p= 0.003) and 3.87 (Cl= 1.10-13.60; adjusted p= 0.035) respectively. Individuals in
the third tertile PRS had significantly lower CRP concentrations (4.61 £ 1.3 mg/L vs 9.60 + 2.6
mg/L, p= 0.019) when consuming =14% energy from protein (with an average of 18.0 + 2.4%,
43.0 £ 7.7% and 39.0 + 8.0% energy from protein, carbohydrate and fat per day). In conclusion,
third tertile PRS was significantly associated with increased odds of elevated CRP and higher
protein intake may alleviate inflammatory status and reduce CRP concentrations systemically

in those individuals.

Keywords: C- reactive protein, polygenic risk score, dietary protein, nutrient- gene interaction,

overweight and obese Malaysian adults

1. Introduction

Prevalence of obesity is increasing worldwide and has emerged as an important public health
issue in many countries. High prevalence of overweight and obesity has been reported in the

Malaysian population amongst other Asian populations, with 50.1% of the population being
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either overweight or obese [1]. Higher prevalence was found in females (54.7%) and in the
Indian ethnicity (63.9%). Obesity has been well known to be a major risk factor of non-
communicable diseases including cardiovascular diseases (CVD), atherosclerosis, diabetes,
and some types of cancer, where the fundamental pathology underlying the diseases, is

inflammation [2,3].

C- reactive protein (CRP) is an acute- phase protein secreted by hepatocytes following
Interleukin- 6 (IL- 6) secretion by macrophages and T- cells. It appears to be the most
commonly examined systemic inflammatory marker for both communicable and non-
communicable diseases [4,5], and has been widely accepted to be an independent risk factor
for predicting future cardiovascular events [6]. Researchers have reported significant positive
associations between CRP concentrations and obesity as also with biochemical parameters
of metabolic syndrome including hyperinsulinemia, insulin resistance, hypertriglyceridemia,
and low high-density lipoprotein cholesterol (HDL- C) [7]. CRP has been incriminated as a

cardiovascular risk factor in severe obesity [8] and in patients with diabetes mellitus Il [9].

Although it has been demonstrated adequately that elevated inflammation is driven by excess
fat [10], however the inter-individual variability of the inflammatory profile assessed by CRP
concentrations was observed in obese populations [11], suggesting that environmental and
genetic factors may play an important role in modulating CRP concentrations [12]. In our
previous investigation, we reported significant elevated CRP concentrations in Malaysian
adults carrying the risk allele (G allele) of fat mass and obesity- associated protein (FTO)
rs9939506 [13]. A similar finding by Sun et al. reported that the risk allele of FTO rs9939609
(A allele) was strongly associated with increased odds of obesity and elevated CRP

concentrations in the Chinese Han population [14].

Multiple dietary nutrients have been reported to have significant effects on serum inflammatory
markers [15]. Framingham Heart Offspring cohort study by Hruby and Jacques, proposed that
dietary protein, particularly from plant- based sources may have a protective effect on
inflammatory markers in the elderly population [16]. A decreasing trend in CRP concentrations
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was observed in participants with renal disease (but not on dialysis) when consuming plant
proteins compared to those consuming animal proteins (e.g., egg and red meat) [17].
Supplementations of essential amino acids were also found to be significantly associated with
decreased CRP concentrations and improved circulating lymphocytes in participants with both

high and low inflammatory status [18].

However, to date, there is limited research investigating the interactions between gene
variants and dietary nutrients in modulating inflammatory markers. Therefore, in this study, a
Mendelian randomization was conducted to investigate the combined effect of single
nucleotide polymorphisms (SNPs) including FTO rs9930501, rs9930506 and rs9932754, and
beta- 2 adrenergic receptor (ADRB2) rs1042713 on CRP concentrations and further, their
interaction with dietary nutrients. The SNPs reported were found to be significantly associated
with increased risk of obesity and obesity-related phenotypes in our previous investigation
[18,19]. The authors computed polygenic risk scores (PRS), and using interaction analysis,
assessed the modulatory effect of dietary nutrients (total energy and 26 macro and micro-
nutrient intakes were analyzed) on the association between PRS and CRP concentrations, in
the study participants. Based on our initial research, we hypothesized that dietary nutrients
(e.g., protein intake) may positively modulate and decrease the CRP concentrations in

individuals who are genetically predisposed to obesity.

2. Methods and materials

2.1.  Ethics approvals

Ethical approval was obtained from the Science and Engineering Research Ethics Committee,
University of Nottingham Malaysia (UNM) (ID- SM190614), and this study was also registered
under the Medical Research and Ethics Committee (MREC) of the National Medical Research
Registry (Research ID- 25110), Ministry of Health Malaysia (MOH). Written informed consent
was requested and obtained from each participant. The study protocol was prepared in

accordance with the ethical standards laid down by the Declaration of Helsinki, 1961 and
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followed the Good Clinical Practice Guidelines of the government of Malaysia (Third Edition

Oct 2011© Ministry of Health Malaysia).

2.2. Study design and study population

This study is nested in a broader study investigating the effect of dietary nutrients on obesity-
related phenotypes conducted from 2015 to 2018, the detailed information on the methodology
undertaken has been described in our previous publications [13,19,20]. Moreover, a
Mendelian randomization was conducted to search for gene variants genetically predisposing
individuals to the risk of overweight and obesity, captured from published GWAS studies. FTO
(rs9930501, rs9930506 and rs9932754) and ADRB2 (rs1042713) were found to be
significantly associated with increased odds of obesity and obesity-related phenotypes [13,19],
and these genes and their variants have been investigated in this study. A total of 128
overweight and obese Malaysian adults (Malaysian Chinese, Malays and Indians) aged 18
years and above were recruited randomly through advertisements and flyers, distributed at
the University of Nottingham in Malaysia (UNM) and at schools and community centers in the
vicinity of UNM. Structured questionnaire was used to record information on race and ethnicity,
and the questions were directed to trace back three generations to confirm ancestry.
Participants completed a health and lifestyle questionnaire which included questions on past
diseases, family history of past diseases, physical activity status and substance abuse.
Smoking status and alcohol consumption were reported as i) never, ii) former and iii) current.
However, none of the participants were found to be smoking nor drinking, therefore the said

data will not be reported.

Interested individuals attended an initial screening to determine whether the participant met
the specified inclusion and exclusion criteria. Individuals diagnosed with cardiovascular
diseases, stroke, diabetes, renal and endocrine disorders such as hypothyroidism were
excluded from the study. Exclusion criteria also included pregnant woman, those on drugs

such as cholesterol lowering, hypoglycemic and psychiatric medication.
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2.3. Measurement of anthropometric parameters

Height of the individual was measured with light clothes and barefoot measured using
standard height rod. Obesity-related anthropometric parameters including weight (kg), fat
mass (kg), skeletal muscle mass (kg), fat free mass (kg) and percent body fat (%) were
measured using body composition analyzer direct segmental multi-frequency bioelectrical
impedance analysis (DSM-BIA) (InBody 230, Seoul, Korea). Body mass index (BMI) was
defined as weight in kilograms divided by the square of height in meters (kg/m?) [21]. Waist
circumference (WC) was measured at the midpoint between the top of iliac crest and the lower

margin of the last palpable rib [22].
2.4. Assessment on dietary intake

Energy, macro and micronutrient intakes were assessed by an interviewer-administered
validated food frequency questionnaire (FFQ) developed by Loy et al. [23]. Food items listed
in the validated FFQ were then modified to include items popular to different ethnic groups
(Malaysian Malays, Chinese and Indians), based on three-day 24-hour recalls collected at the
beginning of the study period. The modified FFQ consisting of 156 food items were listed
under 12 categories (grain, meat and poultry, fish and seafood, egg and eggs products,
legumes, milk and milk products, vegetables, fruits, drinks, confectionary, bread spread and
flavorings) [23]. For each food item, participants indicated the frequency of consumption for
the past week. The number of standard portions consumed per sitting was recorded with the
aid of photographs of standard portion sizes [24]. Detailed information related to the brands,
methods of cooking, supplementation of vitamins and minerals and oil consumption were
collected and documented to avoid under- reporting and to capture macro and micronutrient
intakes as accurately as possible. Total daily intake of a particular food item was calculated
by multiplying the unit portion of each food item, by the frequency of consumption of each food
per week, times the number of portions consumed per sitting, and finally divided by 7 days to
give an estimate of the food intake per day. The per day food consumption data was entered
into an energy and nutrient assessment software, Dietplan7 (Forestfield Software Ltd., UK) to
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compute energy, macro and micronutrient intakes per day. Malaysian food items not found in
the Dietplan7 database were keyed in from the “Recommended Nutrient Intakes (RNI),
Malaysia 2017” [25] and “Nutrient Composition of Malaysian Foods” [26]. The intakes of
macronutrients were expressed as a percentage of total energy (TE) consumed (% of TE). TE
per basal metabolic rate (BMR) ratio <1.2 was used to exclude under- reporters [27]. In the
current study, none of the participants were found to be under- reporting. Therefore, all

participant data were included for further analysis.

2.5. Assessment on physical activity

Physical activity data were collected through a structured questionnaire including a list of
physical activities with corresponding metabolic equivalent (MET) values [28]. Details of
activities asked included (1) the type and intensity of the activity; (2) the time and duration
(mins) of each activity performed per day; and (3) the number of days each activity was
performed in a week. The reported physical activity was then categorized into light (<3 METS),
moderate (3 to 6 METs) and vigorous (>6 METSs) intensity physical activity, according to
Ainsworth et al. [28]. The total time (mins) spent on sedentary, moderate and vigorous intensity
physical activity in a week was computed for each participant. Physically active was defined
as accumulation of at least 150 minutes per week of moderate intensity physical activity or 60
minutes per week of vigorous intensity physical activity, according to the guidelines published
by the Ministry of Health Malaysia, else they were considered as physically inactive [29].
Participants of the current study were then categorized into two groups: ‘physically active’ and

‘physically inactive’.

2.6. Blood biochemical analysis

Fasting blood samples were collected from the antecubital vein into vacutainer tubes
containing fluoride oxalate for plasma glucose analysis, and vacutainer tube with clot activator
and gel for serum insulin, lipid profile including total cholesterol (TC), triglyceride, HDL- C, and

low- density lipoprotein cholesterol (LDL- C) and CRP analysis (Becton Dickinson, Oxford,
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United Kingdom). The blood biochemical analyses were assessed using Abbott Architect
CI8200 Automatic System according to manufacturer’s instructions. Homeostatic model
assessment-insulin resistance (HOMA- IR) was calculated as the product of fasting plasma
glucose (mmol/L) and fasting serum insulin (uU/ml) divided by 22.5 according to homeostatic
model assessment (HOMA) [30]. Insulin resistance (IR) was defined as HOMA- IR 21.7 [31].
LDL- C was determined using the Friedewald formula: LDL- C = TC — [(Triglyceride / 5) + HDL-
C] [32]. Elevated inflammatory status was defined as CRP concentrations >3 mg/L, indicating

higher risk of cardiovascular events [33].

2.7. DNA extraction and genotyping assay

5 mL of whole blood was drawn from an antecubital vein into Lavender top Vacutainer tubes
(Becton, Dickinson and Co., Franklin Lakes, NJ) containing Ethylenediaminetetraacetic acid
(EDTA). Genomic Deoxyribonucleic acid (DNA) was extracted from blood leukocytes using
MasterPure DNA Purification kit according to manufacturer’s instructions. DNA samples were
then stored at -20 °C until use. A DNA fragment of 237 bp containing FTO rs9930501,
rs9930506 and rs9932754 was amplified by using polymerase chain reaction (PCR) with
specific primers (Forward primer: 5-TGATGAGAATGTAAGAAGGGAGA-3' and reverse
primer: 5-TCATTTGACAGATGGACTTTTCA-3’). A DNA fragment of 310 bp containing
ADRB2 rs1042713 was amplified by using PCR with specific primers (Forward primer: 5'-
CCGCCGTGGGTCCGCC-3" and reverse primer: 5-CCATGACCAGATCAGCAC-3"). Detailed
information of the PCR protocol has been previously described in our earlier publications
[13,19]. The PCR amplicons were then verified by using electrophoresis on 2% agarose gel
and visualized under ultraviolet illumination after staining by ethidium bromide. The verified
amplicons were then sequenced by using the BigDye® Terminator v3.1 cycle sequencing kit

chemistry.

2.8. Computation of PRS



231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

Allele frequency was estimated by gene counting and Chi- square test was used to assess
deviation from Hardy- Weinberg Equilibrium (HWE) [34]. Genetic predisposition to obesity was
assessed using PRS. PRS was computed as the sum of individual’s risk alleles across the 4
SNPs (FTO rs9930501, rs9930506 and rs9932754 and ADRB2 rs1042713), weighted by the
effect size of each risk allele using their respective natural log of OR for obesity. The 4 SNPs
were selected as they were found to be significantly associated with increased risk of obesity
and obesity- related phenotypes in our previous investigation [13,19]. The formula to evaluate

PRS is as follows [35-37]:

n
PRS = Z Wi X;
i=1

where X represents the number of the risk alleles; W; represents the natural log of the odds
ratio (ORs) of obesity associated with the respective risk allele of the SNP; n represents the
number of the SNPs included in PRS. The risk alleles of each SNP were captured from
published GWAS studies, FTO rs9930501 (G allele), rs9930506 (G allele) and rs9932754 (C
allele) and ADRB2rs1042713 (G allele) [38—41]. The odds of obesity for each SNP have been
reported in our earlier investigation (Table 1), using logistic regression to determine the risk
of obesity associated with gene variants. ORs with 95% confidence intervals (95% Cls) were
estimated for each genotype. Participants were then stratified into three equal groups as the
first tertile (PRS 0 to 0.64), second tertile (PRS 0.65 to 3.59) and third tertile (PRS 3.60 to 8.18)

PRS, with higher PRS indicating greater predisposition to obesity.
2.9. Power and sample size calculation

This is a secondary analysis of the original data set. Therefore, post hoc power analysis was
performed to compute the minimum detectable effect using the sample size of the current
study. Power and sample size calculation was performed using software- QUANTO, Version
1.2.4. For computation of power and effect size the following parameters were used: type 1

error of 0.05, population prevalence of elevated inflammatory status (CRP >3 mg/L), 51%, (as
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in our study); minor allele frequency (G) of the selected gene variant, 0.37 (FTO rs9930506);
65 participants with elevated CRP and 63 with low CRP concentrations, we calculated 93%
power to detect an effect of 3.87 (ORs in Table 4). Regarding the PRS-diet interaction, given
that the mean of CRP concentrations in the study participants was 5.72 mg/L, environmental
effect (differences in CRP concentrations between low and high percent energy from protein)
was 7.57 (2.03 mg/L to 9.60 mg/L), genetic effect was 0.76 {differences in CRP concentrations
between the first tertile and third tertile PRS (2.03 mg/L to 2.79 mg/L)} and interaction effect

was 4.99 (9.60 mg/L to 4.61 mg/L), a power of 44% for the PRS-diet interaction was computed.

2.10. Statistical Analyses

Statistical analysis was performed using the Statistical package for social sciences (IBM SPSS
statistic, Chicago, IL, USA, version 22). Participants were categorized into two groups, low
and elevated CRP concentrations. Data were expressed as mean + standard error (SE) or
number (percentage). Kolmogorov—Smirnov test was applied to assess the normality of the
continuous variables. Independent t- test and Chi- square tests were performed to assess the
differences in general characteristics with continuous and categorical variables respectively
and between the groups with low and elevated inflammatory status. Analysis of covariance
(ANCOVA) was performed to assess the differences in dietary intake, anthropometric and
blood biochemical parameters between the groups with low and elevated inflammatory status.
Adjustments on covariates age, gender, physical activity, BMI fat mass, percent body fat, and
total energy intake were applied where appropriate. Variance inflation factor (VIF) was taken
as a measure for testing multicollinearity among related parameters [42], with VIF value 210
indicating high collinearity. Due to high collinearity among the anthropometric parameters, only

BMI, fat mass and percent body fat were adjusted as covariates in all analysis.

Multivariate binary logistic regression was performed to determine the effect of PRS on the
odds of elevated inflammatory status. ORs with 95% Cls were estimated for each tertile of
PRS, and the first tertile PRS was used as the reference group. Adjustments for covariates
age, gender, ethnicity, height, BMI, fat mass, percent body fat, HDL- C, physical activity status,

11
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smoking status, alcohol consumption and total energy intake were applied. Nutrient- gene
interaction was evaluated by using general linear model after adjusting for age, gender,
ethnicity, physical activity status, BMI, fat mass, percent body fat, and total energy intake. In
brief, total energy and 26 macro and micronutrient intakes were analyzed to investigate the
nutrient- gene interactions on CRP concentrations, however significant association was only
found with dietary protein. Therefore, data from other dietary parameters are not reported.
Percent energy from dietary protein was dichotomized into 2 groups by using the median value
of 14% per day (for all participants), for further analysis. A statistical probability of p< 0.05

(two-sided) was considered significant.

3. Results
3.1. Differences in general characteristics between the overweight and obese

Malaysian adults with low and elevated inflammatory status

In total, 51% of our study participants were found to have elevated inflammatory status (CRP
concentrations >3 mg/L), indicating high risk of cardiovascular events, in our study population
(Table 2). None of the physically active participants had elevated inflammatory status,
whereas 54% of the physically inactive had elevated inflammatory status. No significant

difference was found between the two groups in age, gender, and in the distribution of ethnicity.

3.2. Differences in the mean values of anthropometric, blood biochemical and
dietary parameters between overweight and obese Malaysian adults with low

and elevated inflammatory status

Differences in the mean values of anthropometric, blood biochemical and dietary parameters
between the groups with low (CRP concentrations <3 mg/L) and elevated inflammatory status
(CRP concentrations >3 mg/L) are reported in Table 3. Our results revealed that individuals
with elevated inflammatory status had significantly higher body weight (p= 0.025), BMI (p=
0.003), WC (p< 0.001), waist- hip ratio (WHR) (p= 0.033), fat mass (p= 0.001) and percent

body fat (p< 0.001), compared to those with low inflammatory status.
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3.3. Association between PRS and the odds of elevated inflammatory status in

the overweight and obese Malaysian adults

Multivariate binary logistic regression was performed to examine the effect of PRS on the odds
of elevated inflammatory status. Our results revealed that the second tertile (PRS 0.65 to 3.58)
and the third tertile PRS (PRS 3.59 to 8.18) were significantly associated with increased odds
of elevated inflammatory status, 5.18 (Cl= 1.67-16.09; p= 0.004) and 3.49 (Cl= 1.15-10.62;
p= 0.028), respectively, compared to the first tertile PRS (PRS 0 to 0.64) (Table 3). After
adjusting for covariates age, gender, ethnicity, height, BMI, fat mass, percent body fat,
physical activity status, and total energy intake, the odds of elevated inflammatory status in
both second tertile and third tertile PRS increased to 7.56 (Cl= 1.98-28.80; adjusted p= 0.003)
and 3.87 (Cl= 1.10-13.60; adjusted p= 0.035) respectively. Due to high collinearity among the
anthropometric parameters, only BMI, fat mass and percent body fat were adjusted as

covariates in all the analysis.

3.4. Difference in the distribution of PRS between the overweight and obese

Malaysian adults of three different major ethnic groups

There were significant differences in the distribution of PRS between the different ethnic
groups (p= 0.016) (Table 4). Higher number of Malaysian Indians were categorized under the
third tertile PRS (3.59 to 8.18), compared to the Malays and the Chinese (42% vs 32% and
21%), whereas higher number of Malaysian Chinese were categorized under first tertile PRS

(0 to 0.64) compared to the Malays and the Indians (50% vs 35% and 13%).

3.5. Effect of the interaction between PRS and percent energy from protein on

CRP concentrations in the overweight and obese Malaysian adults

To study the effect of the interaction between PRS and dietary intake on CRP concentrations,
dietary nutrients were dichotomized into 2 groups by using the median value of per day intake,
for analysis. A significant association was only found in dietary protein, therefore 26 other

dietary parameters are not reported (p> 0.05). Percent energy from dietary protein was

13
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dichotomized into 2 groups by using the median value of 14% protein energy intake per day
(for all participants). Results from general linear model analysis revealed that overweight and
obese individuals in the third tertile PRS had significantly lower CRP concentrations (4.61
1.3 mg/L vs 9.60 + 2.6 mg/L, p= 0.019 and p interaction= 0.045) (Figure 1) when consuming
>214% energy from dietary protein per day (with an average of 18.0 +2.4%, 43.0 £ 7.7% and
39.0 + 8.0% energy from protein, carbohydrate and fat, respectively), compared to those
consuming <14% energy from dietary protein per day (with an average of 11.5£1.7%, 51.0 £
5.7% and 36.5 + 5.1% energy from protein, carbohydrate and fat, respectively), even after
adjusting for covariates age, gender, physical activity status, smoking status, alcohol

consumption, BMI, fat mass, percent body fat, HDL- C, and total energy intake.

4. Discussion

Results from the current study support our hypothesis that an increased intake of dietary
protein is associated with lower CRP concentrations in individuals with high- risk genetic
predisposition to obesity. Besides, our results revealed that compared to those with lower CRP
concentrations, individuals with elevated CRP concentrations were significantly associated
with excess fat- related phenotypes including body weight, BMI, WC, WHR, fat mass and
percent body fat. Positive correlations between CRP concentrations and anthropometric
parameters including BMI, WC, WHR, and fat mass has been well established in different
populations such as in the Taiwanese, Swiss and the Japanese populations [43-45]. These
results corroborate the fact that adipose tissue, besides being an organ for storage of energy
in the form of triglycerides, has an important function as an endocrine organ, producing a
variety of pro-inflammatory adipokines such as interleukins (IL- 1, IL- 6, IL- 8), tumor necrosis
factor-alpha, leptin and resistin [46]. The release of IL- 6 triggers hepatocytes to synthesize
and secrete CRP, indicating a state of inflammation. A reduction in excess body fat can

significantly reduce the inflammatory state of an individual [47].

The current study found that physically inactive individuals were associated with increased
CRP concentrations, compared to physically active individuals. It has been well documented
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that physical activity plays a role in modulating inflammatory status. A systematic review by
Kasapis and Thompson, reported that in their investigation both cross-sectional and
longitudinal, studies demonstrated inverse correlation between regular physical activity and
serum inflammatory biomarkers. Physical activity directly reduced cytokine production by
adipose tissue, skeletal muscles, endothelial and blood mononuclear cells, and indirectly

improved insulin sensitivity and reduced body weight [48].

Results from logistic regression analysis of the current study, revealed that second tertile (PRS
0.65 to 3.58) and third tertile PRS (PRS 3.59 to 8.18) were significantly associated with
increased odds of elevated inflammatory status, 5.18 (Cl= 1.67-16.09) and 3.49 (Cl= 1.15-
10.62), respectively, independent of BMI, compared to the first tertile PRS (PRS 0 to 0.64).
These findings suggest that CRP concentrations were significantly higher in those who were
genetically predisposed (assessed by PRS) to overweight and obesity. These findings support
and strengthen the conclusion of our earlier investigation which reported significantly higher
CRP concentrations in individuals carrying the risk allele (G allele) of FTO rs9939506 in the
Malaysian adults [13]. Although obesity is one of the main risk factors of low- grade
inflammation, GWAS studies have confirmed that genetic regulation of the latter is largely
independent of BMI and that their analysis revealed that a number of the risk variants of the
CRP gene and different other genes (58 distinct genetic loci, 55 genes and their association
with 29 signals) influence the serum concentrations of CRP even after adjusting for BMI [49].
Hence, we highlight the importance of the current study which has identified dietary protein
out of 25 macro and micro-nutrients analyzed, as a moderator of low- grade inflammation in

those who are genetically predisposed, irrespective of their BMI.

Sun et al. reported that the risk allele of FTO rs9939609 (A allele) was strongly associated
with increased odds of obesity and elevated CRP concentrations in the Chinese Han
population [14]. Similar findings were found in the middle- aged German population, the risk
allele carriers (A allele) of FTO rs9939609 were associated with higher circulating CRP

concentrations, independent of the degree of adiposity [50]. In the present study we found
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significant differences in the distribution of PRS between the three major ethnic groups of the
Malaysian population. Higher proportion of Malaysian Indians were categorized under the third
tertile PRS compared to the Malays and the Chinese. Higher proportion of Malaysian Chinese
were categorized under the first tertile PRS. Our findings add to the existing evidence that
differences in genetic distribution do exist in various ethnic groups. Certain variants correlate
with CRP concentrations in Europeans such as CRP, HNF1A (hepatic nuclear factor 1- alpha),
and APOE (apolipoprotein E) [51]. Recent GWASs have identified new variants of cytokines
such as IL- 6 in the Japanese population and TREMZ (triggering receptors expressed by
myeloid cells 2) in African American women [52]. It is reported that differences in allele
frequencies of high- risk gene variants in question, linkage disequilibrium, effect size, and
biological adaptations may influence the inflammatory status of individuals of different ethnic
groups [53]. While pathway- based analysis may enable better understanding of the
biochemical mechanism of systemic inflammation in diverse population groups, such research
is expensive and far between. Our study identifies ethnic differences in CRP concentrations
in the Malaysian population and suggests dietary modulation to alleviate risk of disease in

those at risk due to high CRP concentrations.

It is important to highlight that, no significant difference was found in the protein intake per day,
as well as the intakes of other macronutrients including carbohydrate and fat when
comparative analyses were done between overweight and obese individuals with low and
elevated inflammatory status. However, when the effect of gene variants was included in the
model of nutrient- gene interaction analysis, it was evident that individuals in the third tertile
PRS had significantly lower CRP concentrations when consuming 214% energy from protein
per day, compared to those consuming <14% energy from protein per day, even after adjusting
for covariates including BMI. Such effects were not found in the first tertile and second tertile
PRS. Therefore, it can be inferred that the presence of excess fat related multiple risk alleles
of certain genes may have cumulative risk in raising the inflammatory status of an individual

and that such individuals may benefit from dietary intake of certain nutrients over and above
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the general dietary recommendations. In case of the current study, dietary protein (214%
energy from protein per day) may have modulated CRP concentrations towards a positive
metabolic profile of our study participants particularly in those who are genetically predisposed.
There is evidence that food sources of protein may have differential effects on different
biomarkers of inflammation. Dietary intake patterns that are rich in plant-based proteins (e.g.
whole grains, vegetables, nuts, and legumes) have been associated with lower inflammatory
status, whereas animal-based proteins (e.g. fat and processed meat) were associated with
higher inflammatory status [54-56]. A 4- year longitudinal randomized clinical trial also
reported that increase in soy protein consumption significantly reduced the serum
concentrations of CRP in type 2 diabetic patients with nephropathy compared to the control

group [57].

In the current study, our study participants consumed an average of 15% energy from protein
per day (Table 3), this intake is as per the recommendation of the Ministry of Health, Malaysia
[25]. Based on our data, we found (not presented here) that primarily on an average, dietary
protein was sourced from poultry, fish, tofu, lentils, pulses and whole grains, with less reliance
on red meat and processed meat. The Framingham Heart Offspring Study Cohort, reported
that dietary protein particularly from plant-based sources, rather than animal- protein, was
inversely associated with inflammation and oxidative stress score [16]. Plant protein sources
may contain high concentrations of polyphenols and a host of other anti-inflammatory
constituents, which may contribute to the lower inflammatory status and oxidative stress that
was observed in our research and some other researches. [58,59]. Further, future research
analyzing plant and animal protein separately on the inflammatory status of study participants
is warranted. For causal inference, biological pathway analysis and metabolomic studies are
necessary to elucidate the underlying mechanisms of nutrient- gene interaction on

inflammatory markers.

This is an observational study. Due to the nature of the study design, drawing causal inference

on the association between dietary protein, PRS and CRP concentrations was not possible.
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Thus, it is acknowledged that the current study is exploratory. However, with the association
and interaction analyses, we have generated a hypothesis, and paved the path for future large-
scale research to confirm the findings presented in this study. Other limitations include the
assessment of body composition using bioelectrical impedance analysis (BIA) as BIA
estimates are influenced by many factors including the food and fluid intake, environment,
ethnicity, and phase of menstrual cycle. Moreover, there is the possibility of unmeasured or
residual confounding including individual’s mental health and socioeconomic indicators,
although we have carefully controlled several lifestyle and dietary factors which were
previously found to be associated with CRP concentrations. These factors may have
contributed to the variations in the observed effect of nutrient- gene interactions on CRP
concentrations in our study participants. As in any nutritional research, measurement errors
may occur in self-reported dietary intake and physical activity status. Moreover, our study
participants were recruited from a specific geographical location (Beranang, Jalan Broga and
Bandar Kajang) and they were predominantly women. These factors may have influenced the
study outcome and hence the findings of current experiments may not be generalizable to the

Malaysian population.
5. Conclusion

Our study revealed that elevated CRP concentrations were significantly associated with higher
body weight, BMI, WC, WHR, fat mass and percent body fat in our study participants. Highest
tertile PRS was significantly associated with increased odds of elevated CRP concentrations,
suggesting that CRP concentrations were higher in individuals with higher number of obesity-
related risk alleles. Furthermore, higher proportion of Malaysian Indians were categorized
under third tertile PRS compared to Malays and Chinese. Our findings also revealed that
individuals in the third tertile PRS were associated with lower CRP concentrations with intake
of 214% energy from dietary protein per day compared to those consuming <14% energy from
protein per day, suggesting that higher protein intake may have alleviated the inflammatory

status and reduced CRP concentrations systemically in our study participants.
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677 Figure 1: Effect of the interaction between PRS and percent energy from protein on

678 CRP concentrations in the overweight and obese Malaysian adults

679  Nutrient- gene interaction was evaluated by using general linear model after adjusting for age,
680  gender, ethnicity, physical activity status, BMI, fat mass, percent body fat, and total energy
681 intake. Percent energy from dietary protein was dichotomized into 2 groups by using the
682  median value of 14% per day (for all participants), for analysis. Individuals in the third tertile
683  PRS had significantly lower CRP concentrations when consuming 214% energy from protein
684  perday, compared to those consuming <14% energy from protein per day, even after adjusting
685  for covariates.
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CRP concentrations were expressed as mean * standard error.

CRP, C-reactive protein; PRS, polygenic risk scores.

*p< 0.05 was considered significant.
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Table 1: The odds (ORs) of obesity associated with gene variants

Risk o Natural
Gene SNP allele RAF ORs (95%Cl) log (ORs)
FTO rs9930506 [13] G 0.37 2.87 (1.14-7.19) 1.05
rs9930501 2 G 0.37 3.03 (1.23-7.49) 1.11
rs9932754 2 C 0.37 3.04 (1.22-7.59) 1.11
ADRB2 rs1042713 [19] G 0.13 1.38 (0.08-23.93) 0.32

Logistic regression was conducted to determine the ORs (with 95% CI) of obesity associated with each
SNP after adjusting for confounding factors including age, gender, physical activity status, smoking
status and alcohol consumption. The homozygous non-risk allele of each SNP was used as the
reference group.

Cls, confidence intervals; FTO, fat mass and obesity-associated; ADRB2, beta- 2 adrenergic receptor;
SNP, single nucleotide polymorphisms; RAF, risk allele frequency; ORs, odd ratios.

@ Unpublished data
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Table 2: General characteristics between the overweight and obese Malaysian adults
with low and elevated inflammatory status

Total CRP CRP
Variables (n=128) <3 mg/L >3 mg/L p value
- (n=63) (n= 65)
Age (y) 440+1.0 46.0 £1.3 46.8 £1.4 0.664
Gender
Female 114 (89%) 53 (46%) 61 (54%) 0.157
Male 14 (11%) 10 (70%) 4 (30%)
Ethnicity
Malays 58 (45%) 30 (51%) 28 (49%) 0.088
Chinese 20 (16%) 14 (71%) 6 (28%)
Indians 50 (39%) 19 (37%) 31 (63%)
Physical activity status
Physical inactive 120 (94%) 55 (46%) 65 (54%) 0.019*
Physical active 8 (6%) 8 (100%) 0

Data were expressed as mean (xSE) or number (percentage).

Elevated inflammatory status was defined as CRP concentrations >3 mg/L.

p value based on Chi-square test and Independent t-test for categorical and continuous variables,
respectively.

*p<0.05 was considered as significant.

CRP, C- reactive protein.
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Table 3: Differences in anthropometric, blood biochemical and dietary parameters

between the overweight and obese Malaysian adults with low and elevated

inflammatory status

Total CRP CRP
Variables (n=128) <3 mg/L >3 mg/L p value

- (n=63) (n= 65)
Anthropometric parameters '
Height (cm) 158.0+0.7 157.9+1.0 155.1 £0.9 0.146
Weight (kg) 739+1.4 69.7+1.5 732+1.6 0.025*
BMI (kg/m?) 29.5+0.4 28.0£0.6 30.4+£0.6 0.003*
WC (cm) 93.8 +1.1 89.6+1.4 971 +14 <0.001*
WHR 0.92£0.01 0.89 £0.01 0.94 £0.01 0.033*
Muscle mass (kg) 23404 23.0+£0.7 22.0+£05 0.744
Fat mass (kg) 31.1+£0.9 27.8+1.0 327 +1.1 0.001*
Fat- free mass (kg) 428 £0.7 41.9+1.0 405+0.8 0.980
Percent body fat (%) 41.6+£0.6 39.7+£0.9 443 +£0.8 <0.001*
Systolic blood pressure
(mmHg) 122.7+13 125.0+2.0 123.3+2.6 0.696
Diastolic blood pressure
(mmHg) 80.9+0.9 82.1+1.5 81.2+1.5 0.974
Pulse rate (bpm) 765+1.0 79.6 £1.9 786+1.4 0.442
Blood biochemical parameters 2
Fasting glucose (mmol/L) 5.2+0.2 54+0.2 55+04 0.737
Fasting insulin (uU/mL) 10.1£0.9 99+16 109 +1.7 0.894
HOMA- IR 25+0.3 28+0.7 27+04 0.689
TC (mmol/L) 5.5+0.1 55+0.2 54+0.2 0.679
Triglyceride (mmol/L) 1.4+£0.1 1.4+0.1 1.3+0.1 0.556
HDL- C (mmol/L) 1.5+£0.04 1.5+£0.1 1.5+0.1 0.305
LDL- C (mmol/L) 3.4+0.1 3.4+0.1 3.3+£0.1 0.454
TC/HDL-C 3.7+0.1 3.7+0.1 3.6 £0.1 0.737
CRP (mg/L) 5.8+0.7 1.6 £0.1 9.8+1.1 n.a.
Dietary parameters ®
Total energy intake (kcal) 2009 £ 30 1961 + 41 2022 £ 43 0.201
Protein intake (g) 74.8 +2.1 73532 73.8 3.2 0.854
Fat intake (g) 827+1.9 81.8+27 87.7+3.6 0.362
Carbohydrate intake (g) 253.7+5.7 2457 +8.3 247.8+7.8 0.515
Percent energy from protein (%) 14.8+0.4 14.8 +0.7 145+0.6 0.814
Percent energy from fat (%) 36.7 £0.6 36.9+£0.9 38.4 +1.1 0.382
Percent energy from 470407 469+12  452+14 0347

carbohydrate (%)

Data were expressed as mean + standard error.
Elevated inflammatory status was defined as CRP concentrations >3 mg/L.
p value based on one-way ANCOVA, after adjusting for covariates in different models ' age, gender,
ethnicity, and physical activity; 2model '+ BMI, fat mass and percent body fat; ®model 2 + total energy

intake.

*p< 0.05 was considered as significant.

BMI, body mass index; HDL- C, high-density lipoprotein cholesterol; HOMA- IR, homeostatic model
assessment- insulin resistance; CRP, C- reactive protein; LDL- C, low-density lipoprotein cholesterol;

n.a., not applicable; TC, total cholesterol; WC, waist circumference; WHR, waist- hip ratio.
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Table 4: Association between PRS and the odds of elevated inflammatory status in
the overweight and obese Malaysian adults

CRP CRP Unadjusted . Adjusted .
PRS <3mg/L >3mglL ORs(95% Cnodlusted Tops Adiusted
(n=63) (n=65) cl) P (95% cn* P
First tertile
28 10
PRS 0 to i i 1 :
e P (73%)  (27%)
Second 756
tertile PRS 16 31 5.18 (1.67- , 96 ,
0.65 to (34%)  (66%) 16.09) 0.004 gz'gs%) 0.003
3.58) '
Third tertile 3.87
(PRS359 .0 et U oo (1.10-  0.035*
to 8.18) (44%)  (56%) -62) 13.60)

ORs with 95% (Cls) were estimated for each tertile using logistic regression. The first tertile PRS was

used as the reference group.

Elevated inflammatory status was defined as CRP concentrations >3 mg/L.

2 adjusted for age, gender, ethnicity, height, BMI, fat mass, percent body fat, physical activity status
and total energy intake.

*p< 0.05 was considered significant.

Cls, confidence intervals; CRP, C- reactive protein; PRS, polygenic risk scores; ORs, odds ratio.
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832 Table 5: Difference in the distribution of PRS between the overweight and obese

833  Malaysian adults of three different major ethnic groups

PRS
First tertile Second tertile Third tertile
Ethnicity (PRS0to (PRS 0.65to (PRS 3.59 to p value
0.64) 3.58) 8.18)
Chinese (n= 24) 12 (50%) 7 (29%) 5 (21%) 0.016*
Malays (n= 57) 20 (35%) 19 (33%) 18 (32%)
Indians (n= 47) 6 (13%) 21 (45%) 20 (42%)

834  *p< 0.05 was considered as significant based Chi- square test.
835 PRS, polygenic risk scores.
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