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ABSTRACT
Introduction: The variant NEGR1 rs2815752 has recently been linked with obesity in Caucasians.
However, a very limited number of studies have examined the association of the NEGR1 rs2815752
with overweight/obesity in non-Caucasians with no such study ever performed in Pakistani population.
Therefore, the present study was undertaken to seek the association of the rs2815752 with over-
weight, obesity, and related traits in Pakistanis.
Subjects and methods: The study involved 112 overweight/control pairs (total 224) and 194 obese/
control pairs (total 388). Anthropometric parameters were measured by employing standard proce-
dures. Metabolic parameters were determined by biochemical assays. Behavioral information was col-
lected through a questionnaire. The rs2815752 was genotyped via TaqMan allelic discrimination assay.
Regression analyses were employed to analyze the data in SPSS software.
Results: The study revealed significant gender-specific association of the rs2815752 with obesity (OR
3.03; CI 1.19–7.72, p¼ 0.020) and some obesity-related anomalous anthropometric traits (weight, BMI,
waist circumference, hip circumference, and abdominal and supra-iliac skinfold thicknesses) in females
according to dominant model (h¼ 0.023). However, no association of the rs2815752 with obesity-
related behavioral and metabolic parameters was observed.
Conclusion: The NEGR1 rs2815752 may be associated with obese phenotype and some of the related
anthropometric traits in Pakistani females.
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Introduction

Obesity is a metabolic disorder characterized by a chronic
imbalance of energy homeostasis due to high energy intake
and low energy expenditure, eventually increasing the fat
mass to the extent that it becomes harmful to health (1). Its
prevalence has extended to epidemic proportions worldwide
over the past �50 years. It substantially escalates the risk of
various non-communicable diseases that in turn lead to high
rates of morbidity, mortality, and healthcare costs. Moreover,
it also significantly increases the economic burden due to its
association with unemployment, social disadvantages, and
reduced socio-economic productivity. Thus, it has become a
major health challenge (2). It is a complex and multifactorial
malady attributable not solely to multiple developmental,
environmental, behavioural, and genetic factors but also to
the interactions between these factors (3,4).

Familial aggregation analysis such as twin and adoption
studies has provided compelling evidence for the existence
of genetic components in determining obesity and body fat
distribution (5). Genome-wide association studies (GWAS)
have identified many genes that confer a predisposition to

weight gain (6). The genes near body mass index (BMI; a
measure of obesity)-regulating loci are enriched for expres-
sion in the central nervous system (CNS), indicating that BMI
is primarily regulated by processes such as hypothalamic
control of eating behaviour, while genes for fat distribution
are enriched in local fat depots, indicating that fat distribu-
tion is mainly regulated in the adipose tissue itself (7).

Neuronal growth regulator 1 (NEGR1) has recently been
identified as a new locus responsible for human body weight
control in three independent GWAS (8–10). The NEGR1 gene
is positioned on chromosome 1p31.1 and is mainly
expressed in the hypothalamus (a crucial center for energy
balance and regulation of food intake). However, it is also
expressed in subcutaneous adipose tissue (SAT), heart, and
skeletal muscles (11). Differential co-expression analysis of
obesity-associated networks in human subcutaneous adipose
tissue revealed differential expression of the NEGR1 gene
between normal-weight and obese siblings with identifica-
tion of NEGR1 as a central hub in an obesity-related tran-
script network (12). However, in vivo studies have shown
varying results for correlation between the expression level
of NEGR1 and manifestation of obesity, perhaps owing to
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highly complex regulatory processes of energy homeostasis.
The functional inactivation of NEGR1 in mice led to a small
but steady decrease in body mass. In addition, mice carrying
a loss-of-function mutation (NEGR1-I87N) showed decreased
food intake but normal energy expenditure, thereby support-
ing the positive correlation between NEGR1 expression and
obesity (13). However, another in vivo study involving the
use of an adeno-associated virus revealed that the decreased
expression of NEGR1 in periventricular hypothalamic areas of
rats resulted in escalated bodyweight presumably via
increased food intake, but NEGR1 overexpression did not
affect body weight or food intake (14).

Recently, NEGR1 has been found to be involved in intra-
cellular cholesterol homeostasis, which signifies its non-CNS
function associated with human obesity (15). More recently,
NEGR1 deficiency in mice has been found to induce abnor-
mal fat deposition in various peripheral tissues, particularly
fat and liver tissue cells, again indicating that the obesity-
related function of NEGR1 is not restricted to the CNS but
extends to peripheral tissues as well (16). The rs2815752 vari-
ant located upstream of the NEGR1 gene involving G>A
transition has been reported to have one of the biggest
effect sizes on BMI values in GWAS conducted on Caucasians
(8–10). A very limited number of studies have examined the
association of the NEGR1 rs2815752 with overweight/obesity
in non-Caucasians, with no such study ever performed in
Pakistani population. Genetic architecture may considerably
differ across populations. Thus, genetic association studies
should be performed in diverse populations, particularly in
under-represented populations, to have a better understand-
ing of genetic variants associated with a trait (17). Pakistan
has recently attained a 9th position among 188 countries in
terms of obesity, and nearly one-third of the country’s popu-
lation is overweight/obese (18). Moreover, the Pakistani
population, owing to its distinctive features including large
size, consanguinity, ethnic diversity, large pedigrees, and
rapid nutritional transition, offers many benefits in expound-
ing the pathophysiology of obesity (19). By keeping in view
the entire aforesaid scenario, the current study was carried
out to examine the association of the NEGR1 rs2815752 with
overweight/obesity and obesity-related multiple traits in a
sample of the Pakistani population.

Materials and methods

Subjects and ethics

The study was executed at the International Center for
Chemical and Biological Sciences (ICCBS), University of
Karachi, Pakistan, and after approval from the Independent
Ethics Committee (IEC) of the institute and Advanced Studies
and Research Board (ASRB) of the University. Moreover, the
study was performed in accordance with the ethical stand-
ards of the Helsinki declaration. The study encompassed a
total of 612 human subjects of both sexes, whose ages
ranged from 12 to 63 years. Written informed consent was
received from all participants before their participation in the
study. The study was based on a case-control design. The
total study population of 612 individuals included 112

overweight/control pairs (total 224) that had been age
(±5 years)- and sex-matched, and 194 obese/control pairs
(total 388), age (±5 years)- and sex-matched. For inclusion of
overweight (OW), obese (OB), and normal weight (NW) sub-
jects in the study, BMI cut-off values set by the World Health
Organisation (�18.5 kg/m2 for normal weight, �25 kg/m2 for
overweight, and �30 kg/m2 for obesity) were used for adults
(�20-years-old), whereas BMI growth charts (5th to 84th per-
centile for normal weight, 85th to 94th percentile for over-
weight, and �95th percentile for obesity) set by Centre for
Disease Control and Prevention were used for children and
adolescents (<20-years-old). The exclusion criteria were: a
history of endocrine disorders like pituitary dysfunction,
Cushing’s syndrome, and hypothyroidism; and also a history
of medication such as tricyclic antidepressants, anticonvul-
sants, phenothiazine, and steroids. The technique of simple
random sampling without replacement was employed for
the recruitment of subjects. In the sampling procedure, each
study subject (obese/overweight/control) was recruited ran-
domly from the general population of Karachi in such a way
that every individual had an equal chance of being selected,
based on the inclusion/exclusion criteria, and no subject was
included more than once in the sample. Karachi is a cosmo-
politan city with a population of varied ethnic backgrounds
from all over Pakistan. Thus, the participants of the study
were from diverse ethnic backgrounds including Urdu-speak-
ing, Punjabi, Pashtun, Sindhi, Balochi, and other ethnicities.

Collection of behavioural data

Obesity-related behavioural information including eating tim-
ings, diet unconsciousness, and tendency towards fat-dense
food was collected from each participant through a
questionnaire.

Collection of anthropometric data

Anthropometric measurements were performed following
standard procedures. Height in centimetres and weight in
kilograms were measured using a stadiometer (Seca 214,
Germany) and a mechanical column scale (Seca 755), respect-
ively. Skin fold thicknesses (SFT) in millimetres were
measured at six different body sites including abdomen, sub-
scapula, supra-ilium, thigh, biceps, and triceps using a skin-
fold calliper (Slim Guide, MI). Waist and hip circumferences in
centimetres were measured using a non-stretchable measur-
ing tape. Subsequently, body mass index (BMI), percent body
fat (%BF), and waist-to-hip ratio (WHR) were derived using
the measurements mentioned above. BMI was calculated as
a person’s weight in kilograms (kg) divided by the square of
his/her height in metres (m2). The %BF was calculated from
skin-fold measurements of abdomen, supra-ilium, thigh, and
triceps, using specific formulae for males and females:

Males %BF ¼ 0:29288ð Þ � 4 skinfolds sumð Þ� 0:0005ð Þ
� 4 skinfolds sumð Þ2 þ 0:15845

� ageð Þ�5:76377
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Females %BF ¼ 0:29669ð Þ � 4 skinfolds sumð Þ� 0:00043ð Þ
� 4 skinfolds sumð Þ2 þ 0:02963� ageð Þ
þ 1:4072

Waist-to-hip ratio (WHR) was calculated as waist circumfer-
ence (WC) divided by hip circumference (HC).

Collection of blood sample

A venous blood sample in a volume of 5ml was drawn
from each participant of the study after an overnight fast
(8–12 h) with a 5ml syringe. Out of this 5ml sample, 2 ml
was collected in an EDTA-coated vacutainer tube for sub-
sequent DNA extraction, while 3ml blood was collected
in another vacutainer tube containing gel and clot acti-
vator for subsequent serum isolation. The serum was
extracted by centrifuging the tube at 4000 rpm
for 10min.

Collection of metabolic data

Blood pressure (systolic and diastolic) was recorded twice
from the right arm of the subjects, using a mercury
sphygmomanometer (Certeza medical, CR-2001, Germany)
with an accuracy of 1mmHg. Fasting blood glucose (FBG)
was determined by a blood glucose monitoring system
(Abbott, Chicago, IL). Fasting serum insulin concentrations
were determined by enzyme-linked immunosorbent assay
(ELISA) using a commercially available kit (DIA source INS-
EASIA Kit, Cat No. KAP1251, Belgium) on a MultiskanTM FC
Microplate Photometer (ThermoFisher Scientific, Waltham,
MA). Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated from FBG and fasting insulin
values using the formula: HOMA-IR¼ Fasting insulin (ml U/
ml) � Fasting glucose (mg/dl)/405. Homeostatic model
assessment of insulin sensitivity (HOMA-IS) was calculated
as HOMA-IS ¼ 1� [fasting insulin (mIU/l) � fasting glu-
cose (mmol/l)]. Assays related to lipid profile including
total cholesterol, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein (LDL-C), and triglycerides
(TGs) were performed by using enzymatic in vitro assay
kits (Merck, Darmstadt, Germany) on a Roche Hitachi
chemistry analyzer. Very-low-density lipoprotein choles-
terol (VLDL-C) was calculated by dividing TG by 5.
Cholesterol-to-HDL-C ratio (CHR) was calculated by divid-
ing the concentration of total cholesterol by the concen-
tration of HDL-C. In addition, different anthropometric
and metabolic estimations were used to compute various
metabolic indices and ratios including visceral adiposity
index (VAI) (mmol/l), lipid accumulation product (LAP)
(mmol/l), product of triglyceride and glucose (TyG) index,
coronary risk index (CRI), atherogenic index (AI), and tri-
glyceride-to-HDL-C ratio (TG/HDL-C). To calculate VAI and
LAP, respective gender-specific formulae were used. To
calculate VAI and LAP, values of TG and HDL-C were con-
verted from mg/dl to mmol/l.

Males VAI ¼ WC� 39:68þ ð1:88� BMIÞ½ � � TG� 1:03½ �
� 1:31� HDL-C½ �

Females VAI ¼ WC� 36:58þ 1:89� BMIð Þ½ � � TG� 0:81½ �
� 1:52� HDL-C½ �
Males LAP ¼ WC–65ð Þ � TG

Females LAP ¼ WC–58ð Þ � TG

A general formula for both sexes was used to calculate the
TyG index:

TyG index ¼ Ln Fasting triglycerides mg=dlð Þ½

� Fasting glucose mg=dlð Þ � 2�
To calculate CRI, TC was divided by HDL-C, whereas to

calculate AI, LDL-C was divided by HDL-C. The TG-to-HDL-C
ratio was calculated by dividing the values of TG by HDL-C.

Genomic DNA extraction and SNP genotyping

Extraction and purification of DNA from whole blood was
performed using a genomic purification kit (EZ-10 spin col-
umn, CAT #BS483, Bio Basic, Markham, Canada) following the
manufacturer’s recommended protocol. Genotyping was per-
formed using TaqManVR predesigned SNP Genotyping Assay
(Assay ID: C_26668839_10, Cat No. 4351379, ABI, Foster City,
CA) and TaqManVR genotyping master mix (Cat No. 4381656,
ABI, Foster City, CA) on an Applied Biosystems 7500 real-time
polymerase chain reaction machine (ThermoFisher Scientific,
Waltham, MA). The thermal cycling conditions included an
initial step of polymerase activation at 95 �C for 10min fol-
lowed by 50 cycles of two steps: denaturation at 95 �C for
15 s, and annealing and extension at 60 �C for 1min.
Successful genotyping was performed with 99% genotypic
call rates and >95% concordance between duplicate sam-
ples. After each run, the post-amplification analysis was done
using the software of Applied Biosystems 7500. We included
two negative controls (No Template Control or NTC) and one
positive control (PC) for each genotype, every time the
experiment was run. In addition, genotyping of 20% of the
samples was repeated to ensure reproducibility.

Statistical analysis

Statistical analysis of the data was carried out using the soft-
ware IBM SPSS Statistics Version 21. Genotypic frequencies in
cases and controls were calculated via chi-square, whereas
allelic frequencies were calculated by direct count. Genotypic
frequencies were reported as counts and percentages.
Hardy–Weinberg equilibrium (HWE) analysis for both cases
and controls was performed by using a web-based calculator
to check whether the genotypic frequencies are in HWE.
Logistic regression was performed to examine the association
of the variant rs2815752 (G>A) with the risk of overweight/
obesity while considering four models of inheritance (co-
dominant, dominant, over-dominant, recessive). In the case
of getting association in more than one model, the degree
of dominance index (h) was calculated to select the best-fit
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model. Age and gender-adjusted odds ratio (OR) and 95%
confidence intervals (CI) were calculated to determine the
risk of overweight/obesity associated with the rs2815752
variant. The association was also investigated separately in
mild (overweight) and severe (obese) phenotypes. In add-
ition, analyses were separately conducted in males and
females to identify any gender-specific association in the
study sample for which only age was adjusted. Ordinal
regression was also performed on the total sample popula-
tion to assess the association of the variant with BMI grades,
taking BMI grades 0 through 4 as an outcome or dependent
variable and the dominant genotype of the variant as an
explanatory or independent variable. BMI grade 0 was taken
for ‘normal’, grade 1 for ‘overweight’, grade 2 for ‘class I
obesity’, grade 3 for ‘class II obesity’, and grade 4 for ‘class III
obesity’. Parameter estimates were then calculated under
PLUM command.

Fisher’s exact test was applied to compare categorical var-
iables, and Mann–Whitney U test was applied to compare
continuous variables between cases and controls. Categorical
variables included demographic characteristics and parame-
ters of eating behaviours, while continuous variables
included anthropometric and metabolic traits. Logistic
regression was employed to assess the variant’s association
with obesity-linked categorical traits, whereas linear regres-
sion was employed to assess the variant’s association with
obesity-linked continuous variables, using the best-fit model
of inheritance. BMI was additionally adjusted while testing
metabolic parameters. Statistical significance was taken at a
two-sided p-values <0.05 for all the comparisons. False dis-
covery rate (FDR) correction for multiple comparisons was
performed using the Benjamini–Hochberg method. Effect
size with 95% CI was determined for all variables.

Power calculation

The power calculation was performed employing Quanto
software. The rs2815752 risk allele ‘A’ frequency (0.64) and
the log-additive model were used to calculate power. Our
study was found to have a power of 80% for the least
detectable OR of 1.4 with a two-sided type 1 error rate
of 0.05.

Results

A comparison between the characteristics of cases and con-
trols is shown in Supplementary Tables 1–4 (available online).
Most of the anthropometric and metabolic parameters were
found to be significantly abnormal in cases as compared to
controls (Supplementary Tables 1 and 3; available online). No
significant differences between cases and controls in terms
of parental consanguinity were observed. However, a family
history of obesity was found to be significantly higher in
cases compared to controls. Abnormal eating behaviours like
random eating timings and tendency towards fat-dense food
were significantly more prevalent in cases as compared to
controls. Nevertheless, no significant differences were
observed between cases and controls in terms of diet

unconsciousness. Demographic features like percentages of
ethnicities are also shown between cases and controls
(Supplementary Tables 2 and 4; available online).

Genotypic distribution of the NEGR1 rs2815752 was
observed to be in Hardy–Weinberg equilibrium in both cases
and controls (Supplementary Table 5; available online). The
genotypic frequencies did not differ significantly between
overweight/obese cases and normal-weight controls
(Supplementary Table 5; available online). A similar observa-
tion was seen between obese males and their controls; how-
ever, genotypic frequencies were found to differ significantly
between obese females and their corresponding controls
(Table 1). Thus, the variant rs2815752 appeared to have a
significant gender-specific association with obesity (not with
overweight) in females. This association was observed in
more than one genetic model (co-dominant and dominant)
during age-adjusted regression analysis. The subsequent cal-
culation of the h index indicated a dominant mode of inher-
itance. Thus, according to a dominant genetic model, the
GA/AA genotype of the NEGR1 rs2815752 variant increases
3.03-fold the odds of having obesity in females (Table 1).
This finding was further strengthened when the association
of the variant rs2815752 with BMI grades was assessed by
employing ordinal regression. The analysis revealed a signifi-
cant association between GA/AA genotype and BMI of higher
grades. However, after gender stratification, female carriers
but not male carriers of the risk genotype (GA/AA) were
found to have a significantly greater risk of having higher
BMI grades than non-carriers (GG) (Table 2).

When the association of the variant rs2815752 with the
obesity-related anthropometric, metabolic, and behavioural
traits was assessed, the variant was found to be significantly
associated with some of the anomalous anthropometric traits
(weight, BMI, WC, HC, and abdominal and supra-iliac skin-
fold thicknesses) in females only. On the other hand, no
association of the variant was seen with anthropometric
traits in males (Table 3). Furthermore, the lack of association
between the rs2815752 and obesity-related metabolic traits
was observed (Table 4). Similarly, we did not find any associ-
ation of the rs2815752 with aberrant eating behaviours,
except a very nominal (p values ¼ 0.048) protective associ-
ation of the rs2815752 with random eating timings in males.
However, no such association was observed in females
(Table 5).

Discussion

We found that there was a gender-specific association of the
rs2815752 with the obese phenotype (but not with over-
weight) and some obesity-related anomalous anthropometric
traits including weight, BMI, waist circumference, hip circum-
ference, and abdominal and supra-iliac skinfold thicknesses
in Pakistani females according to a dominant mode of inher-
itance. Accordingly, the frequency of the rs2815752 geno-
types differed between obese and normal-weight females,
with a higher frequency of risk allele (A)-carrying genotypes
(GA, AA) and lower frequency of GG genotype in cases as
compared to controls. This suggests that the variant may be
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associated with the extreme phenotype (obesity) but not
with the mild phenotype (overweight) in females of our
population. Similar to our findings, Rukh et al. also reported
a significant association of the variant rs2815752 with obesity
(according to additive model adjusted for age and gender)
but not with overweight (20) in a Swedish population. In
addition, M€agi et al. also reported a strong association of the
rs2815752 with higher grade of obesity (BMI � 35.0 kg/m2)
in Europeans with respect to additive, dominant, and reces-
sive models adjusted for age and gender, but they did not
calculate h index for indicating the appropriate mode of
inheritance (21). A possible explanation for the observed
association of the rs2815752 with obesity but not with over-
weight could be that the genetic variants that confer suscep-
tibility to weight gain tend to concentrate in extreme
phenotypes (BMI � 30) as compared to mild phenotype (BMI
� 25) (22). Contrary to our findings, a study on Germans
showed no association of the variant rs2815752 with obesity
in gender-adjusted overall as well as gender-specific separate
analyses considering the additive model (23). Furthermore, a
study on Chinese children revealed no association of the
variant with obesity according to a gender-adjusted log-addi-
tive model (24). However, a study conducted on Mexican
children found a nominal association of the variant with
obesity risk, employing an additive model adjusted for age

and gender (25). In the current study, the association of the
NEGR1 rs2815752 with many obesity-related anthropometric
parameters including weight, BMI, WC, HC, abdominal SFT,
and supra-iliac SFT but not with other anthropometric traits
in obese females indicates that this variant contributes to
obesity by higher fat deposition in only the waist, hip,
and abdomen.

The association of the variant rs2815752 with BMI, WC,
and HC has also been reported by Rukh et al. in a Swedish
population (20). Likewise, a study on south Brazilian children
also showed a significant association of the variant
rs2815752 with BMI and sum of skin-folds (26). In contrast,
Bauer et al. found no significant association of the NEGR1
rs2815752 with adiposity measures in Dutch females (27). In
addition, there was no association of the variant rs2815752
with birth weight and body fat distribution in a meta-analysis
conducted by Kilpel€ainen et al. (28).

In some of our previous studies, we also reported gender-
specific association of the other variants such as MC4R
rs17782313, FTO rs9939609, and LEP rs7799039 with over-
weight/obesity and related anthropometric traits in Pakistani
females (29–31). In comparison to these previously reported
associations, the association of NEGR1 rs2815752 observed in
the current study has a higher impact (effect size) but less
strength. As mentioned before, this variant has also been

Table 1. Genotypic frequencies of the NEGR1 rs2815752 variant among gender-stratified cases (obese) and controls along with assessment of the association of
the rs2815752 with obesity.

Males Females

Genetic model Genotype
Cases,
n (%)

Controls,
n (%)

Adjusted OR
(95% CI) a

Adjusted
p-valuea

Cases,
n (%)

Controls,
n (%)

Adjusted OR
(95% CI) a

Adjusted
p-valuea

Co-dominant GG 13 (12.15) 10 (9.35) 0.615 7 (8.05) 18 (20.69) 0.042b

GA 45 (42.06) 41 (38.32) 38 (43.68) 36 (41.76)
AA 49 (45.79) 56 (52.34) 42 (48.28) 33 (37.93)

Pair-wise comparison GG vs GA 0.84 (0.33, 2.13) 0.720 2.65 (0.98, 7.14) 0.054
GG vs AA 0.67 (0.27, 1.67) 0.394 3.47 (1.28, 9.38) 0.014 b

Dominant (GAþAA) 94 (87.85) 97 (90.66) 0.75 (0.31, 1.78) 0.509 80 (91.96) 69 (79.69) 3.03 (1.19, 7.72) 0.020 b

GG 13 (12.15) 10 (9.35) 7 (8.05) 18 (20.69)
Recessive AA 49 (45.79) 56 (52.34) 0.77 (0.45, 1.32) 0.342 42 (48.28) 33 (37.93) 1.75 (0.94, 3.25) 0.076

(GGþGA) 58 (54.21) 51 (47.67) 45 (51.73) 54 (62.45)
Over-dominant GA 45 (42.06) 41 (38.32) 1.17 (0.67, 2.02) 0.582 38 (43.68) 36 (41.76) 1.03 (0.56, 1.90) 0.916

(GGþAA) 62 (57.94) 66 (61.69) 49 (56.33) 51 (58.62)
Adjusted h index

¼ 0.023
Hardy–Weinberg

Equilibrium (HWE): p-value p-value

Cases 0.597 0.689
Controls 0.584 0.177

Data represent genotype counts and percentages in parenthesis in cases and controls. Data also indicate genotypic frequencies in HWE. Association of rs2815752 with
obesity in obese cases was tested using chi-square and multinomial regression for co-dominant model and binary logistic regression for other models.
aAnalysis was performed with adjustment for age. bAdjusted p-value <0.05 were considered statistically significant. Adjusted h index was calculated for indica-
tion of appropriate mode of inheritance.
AA: mutant homozygous genotype; CI: confidence interval; GA: heterozygous genotype; GG: wild-type homozygous genotype; OR: odds ratio.

Table 2. Assessment of the association of the NEGR1 variant rs2815752 with BMI grades in the sample population using a dominant
model of inheritance.

All (males and females) Males Females

Adjusted Adjusted Adjusted

Genotype OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
GAþAA 1.30 (1.01, 1.67) 0.041a 1.12 (0.79, 1.59) 0.512 1.59 (1.10, 2.28) 0.013a

GG 1 1 1

Ordinal regression was used to calculate parameter estimates under PLUM command. BMI grade 0 was taken for normal weight, BMI
grade 1 for ‘overweight’, BMI grade 2 for ‘class I obesity’, BMI grade 3 for ‘class II obesity’, and BMI grade 4 for ‘class III obesity’.
ap-values <0.05 were considered significant.
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reported as having one of the biggest effect sizes on BMI
values in GWAS conducted on Caucasians (8–10). Pakistan is
one of the countries that has entered stage 1 of the obesity
transition characterised by a higher prevalence of obesity in
women than in men (32). In this context, the observed asso-
ciations of genetic variants with obesity and obesity-related
anthropometric traits in females of our population indicates
the existence of sexual dimorphism in genetic susceptibility
to obesity and may partly explain the widening gender gap
in excess weight as 10% more women gain weight than men
in Pakistan (18). Moreover, gene–environment interactions
play an important role in the determination of complex traits
like obesity. Aberrant lifestyle may be more common in
women as compared to men in Pakistan (33). Thus, the inter-
action between the genetic variants and aberrant lifestyle
may possibly make Pakistani females more prone to gain
weight. The strategy of stratified analysis can be more
powerful than a combined analysis when a variant is
restricted to a subgroup or when the extreme difference of a
variant’s effect is present in two genders (34,35). GWAS have
also revealed sexual dimorphic effects in genetic loci for adi-
posity-related phenotypes, such as waist circumference and
waist-to-hip ratio with stronger effects in women (36).

Obesity is a major risk factor for a host of metabolic dis-
turbances, predominantly in lipid and glucose metabolism.
Epidemiological evidence indicates that adiposity is associ-
ated with aberrant lipid profiles and biomarkers of glucose

metabolism (37,38). On the same lines, all the metabolic vari-
ables of the current study appeared significantly aberrant in
cases as compared to controls. However, there was no asso-
ciation of the NEGR1 rs2815752 with any of the metabolic
parameters in the current study. In a similar manner, a study
by Haupt and colleagues also showed no association of this
variant with biomarkers of glucose metabolism such as fast-
ing glucose and insulin sensitivity (39). Moreover, Fall et al.
in a study on Swedish non-diabetic old men also reported
no association of the rs2815752 with insulin sensitivity (40).
In addition to biomarkers of glucose metabolism, we also
sought the association of the variant rs2815752 with parame-
ters of lipid profile (total cholesterol, TG, HDL-C, LDL-C, VLDL-
C, CHR, and TG to HDL-C ratio) and other metabolic variables
including VAI, LAP, TyG index, CRI, AI, systolic blood pressure,
and diastolic blood pressure, which have never been investi-
gated before. The lack of association between the rs2815752
and metabolic traits in the current study suggests that the
variant rs2815752 may not have a direct impact on these
metabolic parameters, but it may influence these parameters
indirectly via influencing BMI.

We found no association of the NEGR1 rs2815752 with
aberrant eating behaviours such as tendency towards fat--
dense food and diet unconsciousness. The lack of association
between the NEGR1 rs2815752 and eating behaviours may
be due to self-reporting bias (under-reporting) of the study
participants as relevant data were collected by means of a

Table 3. Assessment of the association of the rs2815752 with obesity-related anthropometric variables in gender-stratified obese cases and controls.

Variables
(unit of
measurement)

Dominant
model

Males Females

Mean (SD) Adjusted b (95% CI)
Adjusted
p-value Mean (SD) Adjusted b (95% CI)

Adjusted
p-value

(corrected)

Weight (kg) GG 83.57 (21.20) �0.848 (�11.139, 9.444) 0.871 62.48 (17.43) 13.102 (3.656, 22.547) 0.033a

GAþAA 82.72 (23.93) 75.55 (22.76)
Height (cm) GG 171.38 (6.45) �0.746 (�3.835, 2.342) 0.634 156.63 (6.27) 0.857 (�1.54, 3.228) 0.477

GAþAA 170.63 (7.15) 157.50 (5.59)
BMI (kg/m2) GG 28.51 (7.26) �0.163 (�3.472, 3.146) 0.923 25.43 (6.80) 5.043 (1.398, 8.688) 0.003a

GAþAA 28.35 (7.66) 30.46 (8.97)
WC (cm) GG 100.33 (16.68) 0.016 (�7.952, 7.983) 0.997 92.08 (20.22) 10.907 (1.828, 19.987) 0.049a

GAþAA 100.35 (18.84) 102.91 (21.50)
HC (cm) GG 107.08 (14.20) �0.172 (�6.894, 6.550) 0.960 102.00 (12.26) 7.915 (1.623, 14.207) 0.049a

GAþAA 106.91 (15.65) 109.90 (15.16)
WHR GG 0.93 (0.07) �0.000 (�0.030, 0.030) 0.987 0.89 (0.10) 0.036 (�0.006, 0.078) 0.099

GAþAA 0.93 (0.07) 0.93 (0.10)
Biceps SFT (mm) GG 13.91 (8.46) �1.426 (�5.198, 2.345) 0.457 15.39 (9.15) 4.372 (�0.343, 8.400) 0.060

GAþAA 12.49 (8.68) 19.75 (9.48)
Triceps SFT (mm) GG 25.09 (14.42) �1.216 (�7.588, 5.156) 0.707 23.18 (8.54) 4.382 (0.196, 8.567) 0.060

GAþAA 23.87 (14.63) 27.55 (10.04)
Abdominal
SFT (mm)

GG 42.65 (18.48) �2.687 (11.677, 6.302) 0.556 29.93 (12.57) 8.571 (2.445, 14.697) 0.033a

GAþAA 39.98 (21.24) 38.46 (15.22)
Supra-iliac
SFT (mm)

GG 39.96 (16.91) �4.700 (�13.001, 3.601) 0.266 21.71 (10.10) 5.338 (0.810, 9.866) 0.049a

GAþAA 35.27 (19.55) 27.02 (10.90)
Thigh SFT (mm) GG 37.35 (24.53) �0.893 (�11.704, 9.918) 0.871 32.72 (12.70) 6.765 (0.712, 12.818) 0.058

GAþAA 36.45 (24.87) 39.48 (14.38)
Sub-scapular
SFT (mm)

GG 26.61 (12.57) �0.495 (�6.297, 5.307) 0.867 24.11 (11.52) 5.774 (0.194, 11.354) 0.060
GAþAA 26.12 (13.43) 29.87 (13.37)

Forearm (mm) GG 281.82 (27.97) �4.182 (�18.783, 10.419) 0.573 241.86 (30.49) 13.995 (�2.116, 30.106) 0.099
GAþAA 277.61 (33.25) 255.74 (35.66)

Percentage of
body fat

GG 28.21 (10.69) �0.997 (�5.664, 3.670) 0.674 28.35 (8.88) 3.672 (�0.421, 7.764) 0.099
GAþAA 27.22 (10.78) 32.00 (9.86)

Association with anthropometric traits was assessed by linear regression using dominant model of inheritance. The effect sizes (b) with 95% confidence intervals
and p-values were provided after adjustment for age.
aAn adjusted and corrected p-value <0.05 was considered statistically significant.
BMI: body mass index; CI: confidence interval; HC: hip circumference; SD: standard deviation; SFT: skin fold thickness; WC: waist circumference; WHR: waist-to-
hip ratio.
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questionnaire. However, there was a weak (p¼ 0.048) nega-
tive (protective) association of the variant rs2815752 with
random eating timings in males only. In contrast, Micali et al.
reported a nominal (p¼ 0.047) positive association of the
rs2815752 with binge-eating (episodes of overeating with
loss of control occurring on average once a week over

3months and accompanied by distress) in male adolescents
but not in females (41).

The strengths and the limitations of the current study can
be indicated at this point. Our study was based on a case-
control design in which cases and controls were matched for
age and gender. Many of the obesity-related parameters

Table 4. Assessment of the association of the rs2815752 with obesity-related metabolic variables in gender stratified obese cases and controls.

Variables
(unit of
measurement)

Dominant
model

Males Females

Mean (SD)

Adjusted for age and BMI

Mean (SD)

Adjusted for age and BMI

b (95% CI) p-value b (95% CI) p-value

Systolic BP (mmHg) GG 119.57 (11.47) 2.510 (�2.986, 8.006) 0.369 110.72 (12.50) 0.528 (�5.144, 6.200) 0.854
GAþAA 122.01 (13.60) 116.25 (16.91)

Diastolic BP (mmHg) GG 77.39 (9.15) 3.334 (�0.938, 7.607) 0.125 73.60 (8.10) 2.125 (�2.463, 6.712) 0.362
GAþAA 80.65 (10.61) 77.60 (11.53)

VAI (mmol/l) GG 3.65 (1.79) �0.615 (�1.665, 0.435) 0.249 3.31 (2.35) 0.000 (�0.83, 0.830) 1.00
GAþAA 3.03 (2.57) 3.60 (1.91)

LAP (mmol/l) GG 63.87 (42.92) �6.770 (�23.242, 9.703) 0..419 44.69 (36.35) �2.721 (�15.016, 9.574) 0.663
GAþAA 56.50 (50.32) 60.72 (44.02)

TyG index GG 8.91 (0.43) �0.250 (�0.471, �0.028) 0.027 8.55 (0.46) �0.053 (�0.244, 0.139) 0.587
GAþAA 8.66 (0.57) 8.59 (0.48)

FBG (mg/dl) GG 102.26 (14.46) �0.60 (�10.44, 9.24) 0.904 106.40 (19.28) �4.042 (�12.947, 4.863) 0.372
GAþAA 101.62 (24.38) 105.38 (21.30)

Insulin (ml U/ml) GG 22.01 (9.12) 1.99 (�4.76, 8.73) 0.562 23.57 (13.57) �1.673 (�6.935, 3.589) 0.531
GAþAA 23.84 (17.94) 25.12 (13.12)

HOMA-IR GG 5.61 (2.64) 0.48 (�1.57, 2.52) 0.642 6.23 (3.55) �0.546 (�2.128, 1.035) 0.496
GAþAA 6.05 (5.31) 6.67 (4.04)

HOMA-IS GG 0.01 (0.02) �0.001 (�0.004, 0.003) 0.681 0.01 (0.01) 0.001 (�0.003, 0.004) 0.623
GAþAA 0.01 (0.01) 0.01 (0.01)

Cholesterol (mg/dl) GG 164.74 (46.57) �11.075 (�28.379, 6.230) 0.208 158.96 (33.16) �8.095 (�23.264, 7.074) 0.294
GAþAA 153.52 (39.61) 153.25 (36.40)

Triglycerides (mg/dl) GG 158.26 (69.32) �26.360 (�62.172, 9.452) 0.148 105.16 (41.14) 0.337 (�19.156, 19.831) 0.973
GAþAA 131.67 (86.85) 112.76 (48.02)

HDL (mg/dl) GG 27.43 (6.83) 1.274 (�2.235, 4.773) 0.474 31.52 (7.03) �0.955 (�4.517, 2.606) 0.597
GAþAA 28.71 (8.18) 30.25 (8.31)

LDL (mg/dl) GG 103.56 (40.53) �9.178 (�24.174, 5.818) 0.229 91.64 (31.62) �11.629 (�24.169, 0.912) 0.069
GAþAA 94.10 (36.30) 86.06 (31.38)

VLDL (mg/dl) GG 31.51 (13.95) �4.979 (�12.098, 2.140) 0.169 20.88 (8.26) 0.444 (�3.377, 4.264) 0.819
GAþAA 26.49 (17.17) 22.64 (9.34)

CHR GG 6.18 (1.78) �0.486 (�1.302, 0.33) 0.241 5.54 (2.37) �0.389 (�1.107, 0.330) 0.287
GAþAA 5.69 (1.94) 5.33 (1.57)

CRI GG 6.20 (1.79) �0.579 (�1.313, 0.155) 0.121 5.28 (1.63) �0.149 (�0.768, 0.470) 0.635
GAþAA 5.62 (1.72) 5.29 (1.47)

AI GG 3.84 (1.31) �0.429 (�0.949, 0.090) 0.105 3.06 (1.22) �0.352 (�0.791, 0.087) 0. 115
GAþAA 3.41 (1.27) 2.94 (0.48)

TG/HDL-C GG 6.09 (2.93) �1.056 (�2.788, 0.677) 0.231 3.63 (2.23) 0.096 (0.763, 0.955) 0.826
GAþAA 5.03 (4.20) 4.00 (2.02)

Association of the variant rs2815752 with metabolic traits was assessed by linear regression using dominant model of inheritance. The effect sizes (b) with 95%
confidence intervals and p-values were provided after adjustment for age and BMI.
AI: Atherogenic Index; BP: blood pressure; CHR: cholesterol HDL ratio; CI: confidence interval; CRI: Coronary Risk Index; FBG: fasting blood glucose; HDL: high-
density lipoprotein; HOMA-IR: homeostasis model assessment of insulin resistance; HOMA-IS: homeostasis model assessment of insulin sensitivity; LAP: lipid accu-
mulation product; LDL: low-density lipoprotein; SD: standard deviation; TG/HDL-C: triglyceride-to-HDL-C ratio; TyG: product of triglyceride and glucose; VAI: vis-
ceral adiposity index; VLDL: very-low-density lipoprotein.

Table 5. Assessment of the association of rs2815752 variant with eating behaviour in gender-stratified obese/control pairs using a dominant model of
inheritance.

Categorical traits Response

Males Females

Genotype Adjusted
p-value

Genotype Adjusted

GG GAþAA OR (95% CI) p-value (corrected) GG GAþAA OR (95% CI) p-value

Eating pattern Random 19 (82.6%) 106 (55.5%) 0.25 (0.08, 0.77) 0.016 0.048a 13 (52.0%) 89 (59.7%) 1.16 (0.48, 2.79) 0.742
Specific 4 (17.4%) 85 (44.5%) 12 (48.0%) 60 (40.3%)

Diet unconsciousness Yes 18 (18.3%) 145 (75.9%) 0.88 (0.31, 2.51) 0.807 0.807 15 (60.0%) 103 (69.1%) 1.44 (0.59, 3.52) 0.420
No 5 (21.7%) 46 (24.1%) 10 (40.0%) 46 (30.9%)

TFDF High 10 (43.5%) 66 (34.6%) 0.69 (0.27, 1.71) 0.418 0.627 7 (28.0%) 32 (21.5%) 0.48 (0.17, 1.33) 0.159
Mod–Low 13 (56.5%) 125 (65.4%) 18 (72.0%) 117 (78.5%)

Categorical traits were assessed using logistic regression using dominant model. Parameters were adjusted for both age and BMI.
aAn adjusted and corrected p-value <0.05 was considered statistically significant.
Mod–Low: moderate to low; TFDF: tendency towards fat-dense food.
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investigated in our study have not been studied before in
relation to the NEGR1 rs2815752. The study employed mul-
tiple genetic models for seeking association of the rs2815752
with obesity via regression analysis. The study also applied
the calculation of h index in case of getting association in
more than one genetic model for an indication of the appro-
priate mode of inheritance. Analyses were adjusted for cova-
riates such as age and/or BMI depending upon the situation.
In addition, the study also included corrections for multiple
comparisons in order to avoid false-positive results. The limi-
tations of the current study include the likelihood of self-
reporting bias in case of behavioural data that were self-
reported by the study participants via a questionnaire. In
addition, the sample size was considerably reduced after the
gender-based stratification, resulting in decreased statistical
power (reduced number of participants in the subgroup by
sex). Thus, the findings may be corroborated by further
investigations of this association in a considerably larger
sample of Pakistani females.

In conclusion, our study revealed a gender-specific associ-
ation of the NEGR1 rs2815752 variant with obese phenotype
and some related anthropometric traits such as weight, BMI,
WC, HC, abdominal SFT, and supra-iliac SFT in females of the
Pakistani population. On the other hand, there was no asso-
ciation of the rs2815752 with obesity-related metabolic traits
and eating behaviour.

Acknowledgements

The authors are thankful to Mr. Saad Mirza, Ms. Soma Rahmani, Ms.
Ayesha Sultana, and Mr. Adil Bhatti for their contribution in sam-
ple collection.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by a recurring grant given by the International
Center for Chemical and Biological Sciences (ICCBS), University of
Karachi, Pakistan; and by a research grant awarded by the Higher
Education Commission, Pakistan (Ref. No. 5740/Sindh/NRPU/R&D/HEC/
2016). The funding bodies did not play any role in the design of the
study, sample collection, data collection, data analysis, and interpret-
ation, or in writing the manuscript.

Notes on contributors

Sobia Rana, Ph.D., is an assistant professor at the International Center
for Chemical and Biological Sciences (ICCBS), University of
Karachi, Pakistan.

Maha Mobin, M.Phil., is a junior research fellow at the International
Center for Chemical and Biological Sciences (ICCBS), University of
Karachi, Pakistan.

ORCID

Sobia Rana http://orcid.org/0000-0003-2540-5170
Maha Mobin http://orcid.org/0000-0003-2312-5706

References

1. Church T, Martin CK. The obesity epidemic: a consequence of
reduced energy expenditure and the uncoupling of energy intake?
Obesity. 2018;26:14–6.

2. Bl€uher M. Obesity: global epidemiology and pathogenesis. Nat
Rev Endocrinol. 2019;15:288–98.

3. Hruby A, Hu FB. The epidemiology of obesity: a big picture.
Pharmacoeconomics. 2015;33:673–89.

4. Li X, Qi L. Gene–environment interactions on body fat distribution.
IJMS. 2019;20:3690.

5. Stryjecki C, Alyass A, Meyre D. Ethnic and population differences
in the genetic predisposition to human obesity. Obes Rev. 2018;
19:62–80.

6. Tam V, Turcotte M, Meyre D. Established and emerging strategies
to crack the genetic code of obesity. Obes Rev. 2019;20:212–40.

7. Goodarzi MO. Genetics of obesity: what genetic association stud-
ies have taught us about the biology of obesity and its complica-
tions. Lancet Diabetes Endocrinol. 2018;6:223–36.

8. Willer CJ, Speliotes EK, Loos RJ, Li S, Lindgren CM, Heid IM, et al.
Six new loci associated with body mass index highlight a neuronal
influence on body weight regulation. Nat Genet. 2009;41:25.

9. Thorleifsson G, Walters GB, Gudbjartsson DF, Steinthorsdottir V,
Sulem P, Helgadottir A, et al. Genome-wide association yields new
sequence variants at seven loci that associate with measures of
obesity. Nat Genet. 2009;41:18–24.

10. Speliotes EK, Willer CJ, Berndt SI, Monda KL, Thorleifsson G,
Jackson AU, et al. Association analyses of 249,796 individuals
reveal 18 new loci associated with body mass index. Nat Genet.
2010;42:937–48.

11. Speakman JR. Functional analysis of seven genes linked to body
mass index and adiposity by genome-wide association studies: a
review. Hum Hered. 2013;75:57–79.

12. Walley A, Jacobson P, Falchi M, Bottolo L, Andersson J, Petretto E,
et al. Differential coexpression analysis of obesity-associated net-
works in human subcutaneous adipose tissue. Int J Obes. 2012;36:
137–47.

13. Lee AW, Hengstler H, Schwald K, Berriel-Diaz M, Loreth D, Kirsch
M, et al. Functional inactivation of the genome-wide association
study obesity gene neuronal growth regulator 1 in mice causes a
body mass phenotype. PLOS One. 2012;7:e41537.

14. Boender AJ, van Gestel MA, Garner KM, Luijendijk MC, Adan RA.
The obesity-associated gene negr1 regulates aspects of energy
balance in rat hypothalamic areas. Physiol Rep. 2014;2:e12083.

15. Kim H, Chun Y, Che L, Kim J, Lee S, Lee S. The new obesity-associ-
ated protein, neuronal growth regulator 1 (negr1), is implicated in
niemann-pick disease type c (npc2)-mediated cholesterol traffick-
ing. Biochem Biophys Res Commun. 2017;482:1367–74.

16. Joo Y, Kim H, Lee S, Lee S. Neuronal growth regulator 1-deficient
mice show increased adiposity and decreased muscle mass. Int J
Obes. 2019;43:1769–82.

17. Rosenberg NA, Huang L, Jewett EM, Szpiech ZA, Jankovic I,
Boehnke M. Genome-wide association studies in diverse popula-
tions. Nat Rev Genet. 2010;11:356–66.

18. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C,
et al. Global, regional, and national prevalence of overweight and
obesity in children and adults during 1980–2013: a systematic
analysis for the global burden of disease study 2013. Lancet. 2014;
384:766–81.

19. Pigeyre M, Saqlain M, Turcotte M, Raja G, Meyre D. Obesity genet-
ics: insights from the Pakistani population. Obes Rev. 2018;19:
364–80.

20. Rukh G, Sonestedt E, Melander O, Hedblad B, Wirf€alt E, Ericson U,
et al. Genetic susceptibility to obesity and diet intakes: association
and interaction analyses in the malm€o diet and cancer study.
Genes Nutr. 2013;8:535–47.

21. M€agi R, Manning S, Yousseif A, Pucci A, Santini F, Karra E, et al.
Contribution of 32 GWAS-identified common variants to severe
obesity in European adults referred for bariatric surgery. PLOS
One. 2013;8:e70735.

UPSALA JOURNAL OF MEDICAL SCIENCES 233



22. Li A, Meyre D. Challenges in reproducibility of genetic association
studies: lessons learned from the obesity field. Int J Obes. 2013;37:
559–67.

23. Holzapfel C, Grallert H, Huth C, Wahl S, Fischer B, D€oring A, et al.
Genes and lifestyle factors in obesity: results from 12 462 subjects
from MONICA/KORA. Int J Obes. 2010;34:1538–45.

24. Wang H-J, Hinney A, Song J-Y, Scherag A, Meng X-R, Grallert H,
et al. Association of common variants identified by recent gen-
ome-wide association studies with obesity in Chinese children: a
case-control study. BMC Med Genet. 2016;17:7.

25. Mej�ıa-Ben�ıtez A, Kl€under-Kl€under M, Yengo L, Meyre D, Aradillas C,
Cruz E, et al. Analysis of the contribution of fto, npc1, enpp1,
negr1, gnpda2 and mc4r genes to obesity in Mexican children.
BMC Med Genet. 2013;14:21.

26. Zandona M, Sangalli C, Campagnolo PD, Vitolo M, Almeida S,
Mattevi V. Validation of obesity susceptibility loci identified by
genome-wide association studies in early childhood in South
Brazilian children. Pediatr Obes. 2017;12:85–92.

27. Bauer F, Elbers CC, Adan RA, Loos RJ, Onland-Moret NC, Grobbee
DE, et al. Obesity genes identified in genome-wide association
studies are associated with adiposity measures and potentially
with nutrient-specific food preference. Am J Clin Nutr. 2009;90:
951–9.

28. Kilpel€ainen TO, den Hoed M, Ong KK, Grøntved A, Brage S,
Consortium EGG, et al. Early Growth Genetics Consortium.
Obesity-susceptibility loci have a limited influence on birth
weight: a meta-analysis of up to 28,219 individuals. Am J Clin
Nutr. 2011;93:851–60.

29. Shahid A, Rana S, Saeed S, Imran M, Afzal N, Mahmood S.
Common variant of FTO gene, rs9939609, and obesity in Pakistani
females. Biomed Res Int. 2013;2013:1–7.

30. Shahid A, Rana S, Mahmood S, Saeed S. Role of leptin g-2548a
polymorphism in age-and gender-specific development of obesity.
J Biosci. 2015;40:521–30.

31. Rana S, Rahmani S, Mirza S. Mc4r variant rs17782313 and mani-
festation of obese phenotype in Pakistani females. RSC Adv. 2018;
8:16957–72.

32. Jaacks LM, Vandevijvere S, Pan A, McGowan CJ, Wallace C,
Imamura F, et al. The obesity transition: stages of the global epi-
demic. Lancet Diabetes Endocrinol. 2019;7:231–40.

33. Safdar NF, Bertone-Johnson E, Cordeiro L, Jafar TH, Cohen NL.
Dietary patterns of Pakistani adults and their associations with
sociodemographic, anthropometric and life-style factors. J Nutr
Sci. 2013;2:e42.

34. Culverhouse RC, Hinrichs AL, Suarez BK. Stratify or adjust? Dealing
with multiple populations when evaluating rare variants. BMC
Proc. 2011;5:S101.

35. Randall JC, Winkler TW, Kutalik Z, Berndt SI, Jackson AU, Monda
KL, et al. Sex-stratified genome-wide association studies including
270,000 individuals show sexual dimorphism in genetic loci for
anthropometric traits. PLOS Genet. 2013;9:e1003500.

36. Rask-Andersen M, Karlsson T, Ek WE, Johansson Å. Genome-wide
association study of body fat distribution identifies adiposity loci
and sex-specific genetic effects. Nat Commun. 2019;10:339.

37. Brown CD, Higgins M, Donato KA, Rohde FC, Garrison R,
Obarzanek E, et al. Body mass index and the prevalence of hyper-
tension and dyslipidemia. Obes Res. 2000;8:605–19.

38. Ferrannini E, Camastra S. Relationship between impaired glucose
tolerance, non-insulin-dependent diabetes mellitus and obesity.
Eur J Clin Invest. 1998;28:3–6.

39. Haupt A, Thamer C, Heni M, Machicao F, Machann J, Schick F,
et al. Novel obesity risk loci do not determine distribution of body
fat depots: a whole-body MRI/MRS study. Obesity. 2010;18:
1212–17.

40. Fall T, €Arnl€ov J, Berne C, Ingelsson E. The role of obesity-related
genetic loci in insulin sensitivity. Diabet Med. 2012;29:e62–6.

41. Micali N, Field AE, Treasure JL, Evans DM. Are obesity risk genes
associated with binge eating in adolescence? Obesity. 2015;23:
1729–36.

234 S. RANA AND M. MOBIN


	ABSTRACT
	Introduction
	Materials and methods
	Subjects and ethics
	Collection of behavioural data
	Collection of anthropometric data
	Collection of blood sample
	Collection of metabolic data
	Genomic DNA extraction and SNP genotyping
	Statistical analysis
	Power calculation

	Results
	Discussion
	Acknowledgements
	Disclosure statement
	References


