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Abstract

Background & aims: The nutrition transition in developing countries like Iran causes the increasing rise of obesity
and abdominal obesity rates. However, it is not yet well proven that environmental modifications like improving the
quality of beverage intake can be effective in people who have a genetic predisposition to obesity. So, in the present
study, we examine the interaction between genetic predisposition and healthy beverage index (HBI) with abdominal
obesity and obesity-related metabolic risk factors in overweight and obese women.

Method: Based on inclusion and exclusion criteria, 202 overweight or obese females were chosen for this cross-
sectional study. Body composition, anthropometric measures, physical activity, and beverage intake data were col-
lected and analyzed using recognized and trustworthy methodologies. Biochemical tests were performed on serum
samples. A genetic risk score (GRS) was calculated based on the results of genetic tests. The predetermined HBI was

calculated based on previous studies. A generalized linear model was used to estimate the interactions between GRS
and HBI (GLM).

Results: We found significant interactions between GRS and HBI on WHR (3 = — 0.39, Cl: -0.07 to0 0.001, P=0.05) and
WC (B=—6.18,Cl: — 13.41 to 1.05, P=0.09). Also, there were significant gene-diet interactions for HBI and GRS on
HDL (3=7.09, Cl: — 0.73t0 14.92,P=0.07) and FBS (3= —9.07,Cl: — 18.63 t0 0.47, P=0.06).

Conclusions: These findings emphasize the HBI considering genetics appears to protect against the risks of abdomi-
nal obesity and metabolic associated obesity markers.

Keywords: Healthy beverage index, Genetic risk score, Obesity, Metabolic markers

Introduction

Obesity and overweight are described as excessive and
abnormal fat accumulation in adipose tissue, which are
linked to a variety of non-communicable diseases that
result in lower quality of life and early death [1-3]. The
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body mass index (BMI) has limitations in terms of infor-
mation on body fat content and distribution as a screen-
ing tool for overweight and obesity [1, 4].

Measures of central adiposity like waist circumference
(WC) and waist-to-hip ratio (WHR) can compensate
for BMI limitations and predict obesity-related disease
risk [5, 6]. Based on previous studies, individuals with
abdominal obesity had a higher chance of having elevated
fasting blood sugar, high total cholesterol, high low-den-
sity lipoprotein (LDL), and low high-density lipoprotein
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(HDL) [6-8]. According to a population-based study in
Northwestern Iran, the prevalence of abdominal obesity
was estimated at 76.4%, and it was more prevalent in the
female population than in men (81.4% vs. 68.6%) [9].In
developing countries like Iran, due to a nutrition transi-
tion defined by shifting to high consumption of western-
ized diets, the overweight/obesity and abdominal obesity
rates have increased [9, 10]. In western diets, beverages
are the main source of excess calories, saturated fats, free
sugar, and alcohol, which are related to weight gain and
metabolic disease risk [11, 12]. A healthy beverage index
(HBI) is a general concept that has been prepared for
evaluating total beverage intake quality [13]. This dietary
quality tool includes eight components of habitual bev-
erage intake, fluid consumption, and overall beverage
energy [14, 15]. Beverages intake like water, milk, fruit
juice, tea, and coffee has different effects on health sta-
tus [16]. Sugary beverages, such as sweetened fruit juice
and sports drinks, have been linked to abdominal obe-
sity and obesity-related conditions [15, 17]. However, the
results of the studies are contradictory according to the
type of drink, eating habits, and different geographical
regions [18]. Sucrose sweetener is utilized in most bever-
ages in Iran, as it is in Western countries, although the
findings of western studies may not apply to other coun-
tries [19]. On the other hand, it is well acknowledged that
genetic predisposition is also a significant risk factor for
obesity [20]. As a result, a genetic risk score (GRS) was
developed as a personalized method of avoiding or con-
trolling obesity and associated comorbidities [21]. The
genetic risk score (GRS) is calculated by adding the risk
alleles for each single nucleotide polymorphism (SNP)
[22]. In this context, large-scale genomic studies identi-
fied obesity-related SNPs for genes of Melanocortin-4
Receptor (MC4R), Cryptochrome (CRY), and caveo-
lin (CAV) [23-25]. The identification of obesity-related
SNPs led to the creation of the "gene-environment inter-
action" hypothesis [26]. In line with this hypothesis, com-
pelling evidence showed that in individuals with a high
intake of sugar-sweetened beverages, the genetic asso-
ciation between BMI and the incidence of obesity was
stronger [27-29]. However, it is not yet well proven that
environmental modifications like improving the quality
of beverage intake can be effective in people who have
a genetic predisposition to obesity. Also, most previous
studies investigated the relationship between only one
type of beverage consumption (usually sugar-sweetened
beverage) and single SNPs, not GRS. Therefore, the pre-
sent study aims to examine the interaction between BMI-
GRS according to 3 SNPs such as MC4R (rs17782313),
CAV-1 (rs3807992), and Cry-1 (rs2287161) with HBI on
abdominal obesity and obesity-related metabolic risk fac-
tors in overweight and obese women to provide valuable
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insights for preventive interventions at the level of indi-
vidual, family, and community lifestyles and ultimately
targeted nutritional and medicinal treatments.

It is important to emphasize that our study sample is
limited to overweight or obese people and excludes the
general population, which includes healthy people.

Materials and methods

Study population

The current study is a cross-sectional study of 202 over-
weight or obese women aged 18 to 68, with BMIs ranging
from 25 to 40 kg/m?. The study participants were chosen
based on inclusion and exclusion criteria. Menopause,
pregnancy, cardiovascular disease, diabetes, cancer, kid-
ney disease, thyroid illness, lactation, smoking, any acute
or chronic disorders, diet adherence in the previous year,
weight loss supplements, and medicines to lower blood
lipids and sugar are all exclusion factors. Before enrolling,
all participants gave written informed consent to the eth-
ics committee of Tehran University of Medical Sciences
(TUMS) (ID IR.TUMS.MEDICINE.REC.1400.1515),
which had previously authorized the study.

Body composition and anthropometric indices

Body composition was measured by the InBody 770
scanner from InBody Co. (Seoul, Korea) based on the
manufacturer’s protocol. Bioelectrical impedance analy-
sis (BIA) calculates body size measures such as weight,
and body mass index (BMI). Trained research staff meas-
ured hip circumference and waist circumference, respec-
tively, as the narrowest part of the torso and maximum
posterior extension of the buttocks, with a precision
of 0.5 cm. The measurement of height by using a non-
stretch tape was recorded with 0.5 cm of precision. The
waist-hip ratio (WHR) was calculated as the waist meas-
urement divided by the hip measurement.

Dietary intake assessment

Habitual dietary intake frequency over the last 12 months
was assessed by using a 147-item semi-quantitative food
frequency questionnaire (FFQ) whose validity and reli-
ability have been approved previously [30]. Based on
this questionnaire, the subjects were asked to report the
frequency of food intake on a daily, weekly, monthly, or
annual basis. The information obtained from the FFQ
questionnaire was entered into an Excel program which
was designed to determine the weight (grams) of each
food item. Then the dietary intake was analyzed using the
NUTRITIONIST 4 software (First Data Bank, San Bruno,
CA) [31].
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Physical activity assessment

Each participant completed the short form of the Inter-
national Physical Activity Questionnaire (IPAQ). This
form consists of seven questions that divide the physical
activity into four levels: intense, moderate, walking, and
inactivity, and according to this criterion, the participant
is placed into three categories: intense activity, moderate
activity, and inactive. Since the IPAQ is a validated self-
report tool, the participants were asked to report their
last week activities for physical activity assessment [32].

Healthy beverage index

For the first time, Davy and Duffey [33] developed a
method to calculate Healthy beverage index (HBI). As
mentioned previously, HBI is a tool for scoring the qual-
ity of overall beverage intake and categorizes consumed
beverages into eight groups include water, unsweetened
coffee and tea, low-fat milk (<1.5% fat, fat-free, and/or
soy milk), diet drinks (including non-calorically sweet-
ened coffee and tea and other artificially sweetened bev-
erages), 100% fruit juice, alcohol (including beer, wine,
and liquor), full-fat milk (1.5% fat), and sugar-sweetened
beverages (including fruit drinks, sweetened coffee, and
tea, soda) which are shown in Table 1 [33]. Finally, total
HBI points range from 0 to 100, but in the present study,
the maximum score for HBI was calculated as 90 since
the participants didn’t consume diet drinks and alco-
hol. A higher score of HBI indicates better adherence to
healthier beverage intake guidelines.

Biochemical assessment

A blood sample was obtained after 10-12-h of fast-
ing. Then all blood samples were centrifuged, aliquoted,

Table 1 Healthy Beverage Index (HBI) score components
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and stored at — 80 °C for analysis by a single assay tech-
nique. Fasting blood glucose (FBS) was measured by
using glucose oxidase-phenol 4-aminoantipyrine per-
oxidase (GOD-PAP) enzymatic endpoints, and the direct
enzymatic clearance assay method was used to measure
low-density-lipoprotein (LDL), high-density lipopro-
tein (HDL), and total cholesterol. All measurements and
assessments were carried out at the Nutrition and Bio-
chemistry Laboratory of the School of Nutritional and
Dietetics at TUMS.

Genotyping and GRS computing

Whole blood samples were collected for DNA extrac-
tion by using salting out methods [34]. For assessment
of DNA integrity and concentration, we used 1% agarose
gel and a nanodrop 8000 Spectrophotometer, respec-
tively. SNP genotyping was performed by TagMan Open
Array (Life Technologies Corporation, Carlsbad, CA,
USA) [35]. The forward and reverse primers of CAV-1
(rs3807992), Cryl (rs2287161), and MC4R (rs17782313)
are shown in Table 2. The fragments containing three
genotypes for each gene were distinguished. Finally,
we calculated GRS by summing up three single nucleo-
tide polymorphisms (SNP) [CAV-1 (rs3807992), Cry-1
(rs2287161), and MC4R (rs17782313)] that, based on
genomic associated studies like GWAS, had been linked
to obesity [36—40]. According to the risk alleles for higher
BMI, genotypes were coded as 0, 1, or 2 for each SNP.
In this method, GRS is calculated without weighting by
using the risk alleles of the three SNPs. GRS ranges from
0 to 6. Higher scores are considered as a greater genetic
predisposition to higher BMI on the GRS scale [41].

Beverage component Description Points
1. Water - Water comprises at least 20% of fluid requirements 15
« No water consumption 0
« Water is > 0% but < 20% fluid requirements Proportional
2. Coffee and Tea - Unsweetened coffee and tea comprise 0%-40% fluid requirements 5
3. Low fat Milk + < 1.5%, fat free, and /or soy milk 09-16% of fluid requirement 5
4. Diet Drinks? - Artificially sweetened beverages comprise 0%-16% of fluid requirements 5
5.100% Fruit Juice + 100% fruit juice comprises 0%-8% of fluid requirements 5
6. Alcohol® « Between 0-1 drinks for women, 0-2 drinks for men 5
7. Full-fat Milk + 0% of fluid requirements come from 2% fat or full-fat milk 5
8. Sugar-sweetened Beverages - Sugar-sweetened beverages are 0%-8% of fluid requirements 15
9.Total Beverage Energy « Energy from beverages is < 10% of total energy 20
- Energy from beverages > 15% of total energy 0
« Energy from beverages is > 10% but < 15% of total energy Proportional
10. Met fluid requirements « Amount of beverages (mL) consumed was greater than or equal to fluid requirements 20

- Amount of beverages (mL) consumed was less than fluid requirements

Proportional

@ Removed items for calculating HBI score
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Table 2 Information of primers
Gene Name (SNP) Sequence Genotypes fragment
CAV-1 (rs3807992) Forward: 3’ AGTATTGACCTGATTTGCCATG 5/ GG, GA, AA

Revers: 5" GTCTTCTGGAAAAAGCACATGA 3
Cry1 (rs2287161) Forward: 5'-GGAACAGTGATTGGCTCTATCT -3/ CC, GC, GG

Revers: 5'-GGTCCTCGGTCTCAAGAAG-3
MC4R (rs17782313) Forward:5- AAGTTCTACCTACCATGTTCTTGG-3 CC,CT,TT

Revers:5-TTCCCCCTGAAGCTTTTCTTGTCATTTTGAT-3

Statistical analysis

The results were analyzed by SPSS version 23.0 (SPSS,
Chicago, IL, USA), and a P-value lower than 0.05 was
set as statistically significant and for interaction P-value
lower than 0.1 was set as statistically significant. The
Hardy—Weinberg equilibrium and comparison of cat-
egorical variables were assessed with the chi-square test.
The Kolmogorov—-Smirnov test was used to assess the
normality distribution of data. For demographic charac-
teristics, descriptive analysis was used, and all data were
reported by mean=standard deviation. An analysis of
variance (ANOVA) was applied to compare anthropo-
metric measurements and metabolic profiles between
participants. Analysis of covariance (ANCOVA) was per-
formed to remove confounding results. To estimate the
interactions between GRS and HBI, a generalized linear
model (GLM) was used in both the crude and adjusted

models. The adjustment was applied based on age, physi-
cal activity, energy intake, and BMI.

Results

Descriptive characteristics of the study sample

The current study included 202 women who were either
overweight or obese. Individuals’ age, weight, BMI,
WC, and WHR mean and standard deviation (SD) were
36.65£9.07 years, 80.75+11.52 kg, 31.03 +3.87 kg/m2,
99.22 £9.60 cm, and 0.93 +0.05 respectively.

The difference in means of variables across HBI

Table 3 shows the key characteristics of the study popula-
tion concerning the tertile categories of the healthy bev-
erage index. Participants in the higher tertile of HBI were
older. Before adjusting for age, energy intake, and physi-
cal activity, the results displayed a significant difference

Table 3 Mean and SD of anthropometric measurements and metabolic factors according to tertile categories of healthy beverage

index (HBI)
Variablest HBI
T1(n=69) T2(n=62) T3(n=71) P-value P-value ,
Age (years) 34.02+896 36.54+8.83 38594733 0.006 0.001
Body weight (Kg) 81.68+12.80 80.84+11.23 76.83+9.18 0.02 0.02
Anthropometric measurements
BMI (Kg/m?) 31.214+449 30.75+£3.55 30.01+3.18 0.17 0.08
WC (cm) 99.25+10.64 98.49+9.10 95.76 £8.25 0.07 0.09°
WHR (ratio) 0.92+0.05 0.93+0.05 091+£0.04 0.32 0.55°
Metabolic factors
FBS (mg/Dl) 87.39+£9.32 86.17£6.69 87.05£11.71 0.78 0.72
Total cholesterol (g/dl) 183.434+3057 177.014+31.00 178.204+34.04 0.54 0.70
TG (mg/dl) 124.188+76.31 117.85+58.76 118.834+58.97 0.86 0.88
HDL (mg/dl) 50.15+9.66 4646+9.31 4566410.02 0.03 0.11
LDL (mg/dl) 99.45+21.86 96.44£21.05 97.71+£2252 0.77 0.77

p-values are in bold

SD Standard deviation, BMI Body mass index, WC waist circumference, WHR waist height ratio, FBS fasting blood sugar, TG Triglyceride, LDL Low density lipoprotein,

HDL High density lipoprotein, CHO/HDL total cholesterol/ high density lipoprotein

a: BMI considered collinear and this variable adjusted for age physical activity and total energy intake

b: Adjusted for age, BMI, physical activity, and total energy intake
* Calculated by analysis of variance (ANOVA)
p <0.05 was considered significant
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across HBI for HDL. Also, participants with higher
HBI had marginally significant variations in the WC
(P=0.07). After controlling for confounding variables, no
significant differences across HBI were seen.

Difference in the means of variables across GRS
There were no significant differences in cardio-metabolic
parameters across GRS (Table 4).

Dietary intake of participants according to HBI

Higher HBI was linked to more tea and coffee, fruits,
refined grains, carbohydrates, potassium, calcium, and
fiber consumption (Table 5).

Interaction between HBI and GRS on abdominal obesity
and markers for metabolic associated obesity status
In a multivariate-adjusted model controlling for con-
founders, we found a significant interaction between GRS
and HBI on WHR; higher (=— 0.39, CI — 0.07 to 0.001,
P =0.05) or moderate (P =0.07) HBI adherence was more
related to lower levels of WHR among individuals with
higher GRS (T3). Higher and moderate HBI were associ-
ated with lower WC (f 3=— 6.18, CI: — 13.41 to 1.05,
P=0.09, p r,=— 829, CI — 16.78 to 0.18, P=0.05)
among people with higher GRS when compared to the
reference group (Table 6).

In both the crude and adjusted models (adjusting for
age, energy intake, physical activity, and BMI), there
were significant gene-diet interactions for HBI and GRS
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on HDL (=7.09, CI: — 0.73 to 14.92, P=0.07) and FBS
(B=-9.07, CI: — 18.63 to 0.47, P=0.06). Participants in
the third tertile of the GRS with highest HBI following
compared to those in the first tertile of HBI, had greater
HDL. For other factors, no significant interactions
between GRS and HBI were detected (Table 6).

Discussion

In the present study, we investigated the interac-
tion between HBI and BMI-GRS, including MC4R
(rs17782313), CAV-1 (rs38 07992), and Cryl (rs2287161)
on abdominal obesity and markers for metabolically asso-
ciated obesity status in overweight and obese women.
According to our findings, a higher HBI score regarding
genetic predisposition potentially elicits favorable effects
and appears to be a protective factor against central obe-
sity and obesity-related metabolic markers.

HBI is focused on eight beverage groups, total bever-
age energy, and fluid consumption [42]. As compared to
the effect of a single beverage, HBI provides the most
comprehensive estimates of overall beverage quality and
hence better identification of improvements in health-
related outcomes. A higher value represents better
adherence to beverage guidelines and healthier beverage
intake patterns [43, 44].

In comparison to lower GRS, we discovered a nega-
tive significant correlation between higher GRS and
both high and moderate HBI on WC and WHR. Another
novel significant inverse interaction was found between

Table 4 Mean and SD of anthropometric measurements and metabolic factors according to tertile categories of GRS

Variablest GRS
T1 T2 T3 P-value P-value ,
Age (years) 36.51+£890 36.12+840 3646+836 0.96 0.85
Body weight (Kg) 79.84+10.74 783241142 80.52+11.91 0.57 0.74
Anthropometric measurements
BMI (Kg/m?) 30.08+349 30424349 31461423 0.07 0.15
WC (cm) 97.16£8.89 97.08£9.11 99.01£10.31 0.40 0.44
WHR (ratio) 0.924+0.05 092+0.04 0.93+0.05 0.66 0.51
Metabolic factors
FBS (mg/Dl) 87.26+£9.25 85.73+£6.74 87.22+11.33 0.67 0.59
Total cholesterol (g/dl) 183.52+3148 180.904+31.00 173.71+£32.73 0.21 0.20
TG (mg/dl) 119.324+57.27 108.734+51.49 129.334+78.80 0.28 037
HDL (mg/dl) 48.02+£9.14 49.07+11.16 45304935 0.12 0.17
LDL (mg/dl) 100.33 42045 99.73£2263 93.61+£2227 017 0.15

SD Standard deviation, BMI Body mass index, WC waist circumference, WHR waist height ratio, FBS fasting blood sugar, TG Triglyceride, LDL Low density lipoprotein,

HDL High density lipoprotein, CHO/HDL total cholesterol/ high density lipoprotein

a: BMI considered as collinear and this variable adjusted for Age, physical activity, and total energy intake

b: Adjusted for age, BMI, physical activity, and total energy intake
p <0.05 was considered significant
* Calculated by analysis of variance (ANOVA)
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Table 5 Dietary intake according to tertile categories of healthy beverage index (HBI)

Variablest HBI P-value

T1(n=69) T2(n=62) T3(n=71)

Healthy beverage index 60.984+2.79 64.954+0.79 69.76 £2.53 <0.001

Food group
Whole grains (g/d) 64.51+£62.39 66.34+53.67 61.18 +55.35 0.86
Fruits (g/d) 490.361285.04 486.024+373.68 616.994+364.35 0.04
Vegetables (g/d) 377.60£267.85 344.07 £220.22 431.64+18545 0.08
Nuts (g/d) 1202+£11.73 13.97£1341 16.234+17.90 0.23
Legumes (g/d) 45.384+44.90 49.99+39.85 51.18+40.78 0.69
Vegetable oils 2218+£21.22 2457 +£19.34 22.57+£19.82 0.77
Tea and coffee (ml/d) 29454421042 569.36 £ 288.07 1120.22+447.93 <0.001
Fruit juices (ml/d) 17.56£38.79 94241697 838+£1253 0.07
Sugar-sweetened beverages(ml/d) 27544+59.10 2540+58.24 1548+35.86 0.34
High-fat milk (ml/d) 53.11+146.89 29.59+60.26 1543+£38.15 0.01
Low-fat milk (ml/d) 79.43+£119.05 11478411942 134.06 +160.100 0.13
Water percent 51.17+£33.12 56.97 £28.67 60.89+£26.02 0.14
Refined grains (g/d) 33737415495 333.544+160.87 419.78 +256.15 0.01
Animal fat (g/d) 35246.12 4441724 45541781 0.64
Dairy (ml/d) 339.26+£245.19 40059+ 178.25 421.63+23829 0.08
Eggs (g/d) 21.06£13.23 19.184+13.25 2218+ 11.54 039
White meat (g/d) 52.28+61.53 389442458 46.01£42.90 0.25
Red meat (g/d) 2148+16.86 21261791 21.97+£19.79 097

Nutrient intake
Energy (kcal/d) 2426.62 +694.58 251379166545 2803.88+738.93 0.005
Protein (g/d) 85.41+£31.79 844642115 94.65£28.18 0.06
Carbohydrate (g/d) 338.06£98.54 350.444109.83 41144412541 <0.001
Total fat (g/d) 89.00+33.81 93.72+28.56 96.64£32.63 0.36
PUFA (g/d) 1942 +9.51 2047 +£8.21 20.00£7.96 0.78
SFA (mg/d) 257541133 27.80+£9.92 29.07+10.77 0.18
Sodium (mg/d) 4060.59+ 1361.02 4199.86+ 1361.74 4377.30041395.89 039
Potassium (mg/d) 3886.73+1564.17 4010.96 £1295.67 49104941534.29 <0.001
Calcium (mg/d) 1053.63+39842 1147.62+£352.22 127297 £432.03 0.005
Vitamin C (umol/L) 185.494104.54 183.194£166.09 204.60£112.08 0.56
Total fiber (g/d) 426041797 4191+16.26 49.89+19.81 0.01

p-values are in bold
Data are mean£SD

HBI healthy beverage index, PUFA polyunsaturated fatty acid, SFA Saturated Fatty Acid

P <0.05 was considered significant

the top tertile of HBI and GRS when placed in the second
tertile in comparison with the lower GRS on FBS. Being
in the third compared to the first tertiles of HBI and GRS,
we also found a positive significant GRS-HBI interaction
on HDL. There were no significant interactions between
the other variables tested. Indeed, the findings of this
study shed light on a previously unknown relationship
between the healthy beverage index and genetic predis-
position to obesity and obesity-related metabolic risk fac-
tors. There has been no previous research on the HBI and

GRS interaction, and even less has looked at the inter-
relationship of the HBI with a variety of markers. Sugar-
sweetened beverage overconsumption is hypothesized to
be involved in genetic susceptibility to obesity [45-47],
and individuals with a stronger genetic predisposition
to obesity may be more exposed to the adverse effects of
sugar-sweetened beverages on BMI [45, 48]. The poten-
tial mechanisms accounting for the obtained interac-
tions in our literature are increased total energy intake
[49, 50] along with high amounts of rapidly absorbable
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carbohydrates in sugar-sweetened beverages, resulting
in enhanced insulin resistance [51]. Therefore, modest
evidence for the observed strong GRS-HBI interactions
on the reduced trend of anthropometric indices and FBS
might be attributed to a decrease in sugar-sweetened
beverage consumption. On the contrary, the combined
genetic effects on BMI and risk of obesity appeared to
be attenuated in approximately 30% of participants con-
suming one or more cups of coffee than those consuming
less than one cup of coffee [52]. These significant inter-
actions between coffee consumption and genetic predis-
position influencing BMI, obesity, and related markers
may be associated with the antioxidant, hypoglycemic,
and hypolipidemic properties of biologically active com-
pounds in coffee [53-56]. Another explanation for this
relationship depends on the possible health benefits
of several BMI-associated genes in the brain and hypo-
thalamus with essential roles in energy homeostasis, food
preference, and appetite control [57]. More so, higher tea
consumption displayed tendencies for elevated HDL, and
findings were not modified by genetics [58]. Other HBI
components such as milk have been established as the
main source of saturated fats [59]. In this vein, data from
a cross-sectional study demonstrated strong interactions
between SFA (Saturated Fatty Acids) intake and GRS for
BMI, WC, and WHR and indicated that populations with
a high obesity GRS may be more SFA-sensitive [60]. As
a result, in our study, a significant decrease in high-fat
milk consumption and an increase in low-fat milk con-
sumption appear to represent healthy beverage selection
and a protective link against overweight/obesity and lipid
abnormalities. As a result, calcium and a vitamin found
in dairy products, may help to enhance lipid profiles [61],
HDL-to-LDL cholesterol ratio [62], and induces weight
loss [63] probably through the mediation of increased
fecal fat excretion. As such, these findings are believed to
underlie the prevention of abdominal obesity and met-
abolic-related markers and corroborate that higher HBI
scores may be more suitable for individuals with elevated
scores of GRS to modify the aforementioned risk factors.

According to our knowledge, there are no comparable
studies that compare HBI and markers such as MC4R
(rs17782313), CAV-1 (rs3807992), and Cry-1 (rs2287161)
with abdominal obesity and obesity-related metabolic
risk factors in overweight and obese women across time.
We employed BMI-GRS rather than particular single
SNPs to identify high-risk groups and predict interac-
tions between GRS and healthy beverage index with
related risk variables as a strength. However, there are
some limitations to this study that should be recognized.
For starters, the data were cross-sectional, ruling out any
causal relationship. Additionally, the study population’s
sample size is relatively small. Furthermore, as the HBI
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scoring system is based on the American population, the
guidelines for beverage consumption are partial. Another
limitation is the reliance on self-reported dietary data,
which is subjected to report inaccuracies. Since our study
only included overweight and obese women, we were not
able to extrapolate our findings to all populations. Finally,
individuals with the highest HBI score may consume
healthier foods, [64, 65] and people with lower HBI score
(lower overall water consumption) may adhere to West-
ern dietary pattern [66], given their abilities to influence
our observed associations.

Conclusion

This study highlights the importance of healthy bev-
erage selection in individuals with elevated GRS to
modify and attenuate genetic risks of obesity and meta-
bolic-related comorbidities. However, as a result of the
limited types of literature performed in this regard, fur-
ther studies are needed to fully address this issue.
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