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Abstract
Background Dietary patterns play a crucial role in the development and management of metabolic syndrome 
(MetS). The Healthy Beverage Index (HBI) is a novel tool that assesses the quality of beverage choices in the diet 
and provides insights into their potential impact on metabolic health. The aim of this study was to investigate the 
association between the HBI and the MetS.

Methods This cross-sectional study was conducted using data collected at baseline from the Ravansar 
Noncommunicable Disease Cohort Study. A total of 9,025 participants aged 35 to 65 years were included in the 
analysis. HBI was calculated using food items from the Food Frequency Questionnaire (FFQ). MetS status was defined 
according to established criteria, and logistic regression analysis was performed to assess the association between HBI 
scores and MetS, adjusting for potential confounding variables.

Results In our study, 41.13% of the population was found to have MetS, with a significant association between MetS 
and tertiles of HBI. Furthermore, the logistic regression model showed a significant inverse association between HBI 
scores and the odds of developing a MetS (OR = 0.90; 95% CI: 0.86, 0.94), even after adjusting for confounding factors, 
emphasizing the potential protective effect of higher HBI scores.

Conclusion Increased HBI scores were associated with lower risk of MetS, emphasizing the importance of choosing 
health-promoting beverages in controlling MetS. These findings support the association between dietary habits 
and metabolic health and provide practical guidance for individuals and public health initiatives aimed at improving 
metabolic outcomes.
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Introduction
Metabolic syndrome (MetS) refers to a group of risk fac-
tors that include insulin resistance, dyslipidaemia, obe-
sity, and hypertension [1–3]. When these factors come 
together, the likelihood of developing potentially fatal 
diseases such as heart disease, type 2 diabetes, and stroke 
increases [4–6]. As metabolic syndrome becomes more 
prevalent worldwide, it is essential for public health to 
understand the various factors that contribute to its 
onset and development. A recent study conducted in Iran 
found that MetS is highly prevalent in the country, affect-
ing approximately 28–41% of the Iranian population. The 
prevalence varied depending on the specific region, age, 
and gender of the individuals studied. These findings 
underscore the need for effective public health strategies 
to address this growing health issue in Iran [7, 8].

The scientific community has recently made remark-
able progress in recognising the fact that nutrition plays 
an important role in the development of metabolic syn-
drome [9]. Dietary patterns—including food and bever-
ages choices has emerged as critical factor in the fight 
against and management this disease [10–12]. However, 
while much attention has been paid to dietary habits in 
relation to food, beverages have often received less atten-
tion in this research [13].

A person’s propensity for obesity is influenced by a 
number of variables. This factors include older age, low 
levels of physical activity, limited education levels, lack of 
awareness, living in cities, and adopting unhealthy eating 
habits characterized by the consumption of high-calorie 
foods and sugary beverages, including sugar-sweetened 
beverages (SSBs) [14]. A recent study found that genetic 
and environmental factors may have a considerable 
impact on both the kind and quantity of drinks con-
sumed [15].

Drinking water has several health benefits for the body 
[16]. Increased water consumption can be an impor-
tant technique in the treatment and prevention of obe-
sity [17, 18]. Other fluids, such as milk, tea, coffee, and 
unsweetened beverages, are also important for the over-
all well-being of the body [19, 20]. Fluid consumption is 
important for the efficient functioning of the genitouri-
nary system and gastrointestinal tract [21, 22], which 
leads to a reduction in mortality [22, 23].

It should be noted that SSBs are recognized as an 
important factor to weight gain and obesity. Reduced 
consumption of SSBs, on the other hand, is associated 
with a lower risk of obesity and cardiovascular disease 
[22, 23].

The Healthy Beverage Index (HBI) thus proves to be a 
groundbreaking tool which the nutritional quality of bev-
erages can be comprehensively assessed [24]. The HBI 
goes beyond just calorie count and takes into account 
the nutrient content, sugar levels, and other critical 

components of beverages that determine their potential 
impact on health [25]. Because the HBI provides a unique 
perspective on beverage choices, it opens up new possi-
bilities for studying metabolic health and dietary inter-
ventions [26]. The aim of the study was to investigate the 
association between the HBI and MetS.

Methods
Study design and population
This cross-sectional study was based on the RaNCD 
prospective cohort study, which is a subset of the larger 
PERSIAN (Prospective Epidemiological Research Studies 
in Iran) project. Ravansar is located in the Kermanshah 
region of western Iran and has a population of around 
50,000 people living in both urban and rural areas. The 
RaNCD cohort study began in 2014, with the enrollment 
of 10,047 people aged 35 to 65 years and it is still ongo-
ing. The complete methodology of the RaNCD study 
has previously been published [27]. In this study, the 
exclusion criteria apply to patients with a specific medi-
cal history and individuals with a history of cancer, indi-
viduals diagnosed with thyroid disease, participants with 
abnormal daily energy intake (less than 800 or more than 
4200 kcal/day), individuals suffering from end-stage renal 
disease (ESRD), and pregnant womenwere excluded from 
data. After exclusions, data from 9,025 participants were 
available for analysis.

Data collection
Face-to-face interviews were conducted with experienced 
individuals to collect the data from the questionnaires.

Socioeconomic status index
The Socioeconomic Status (SES) index was created by 
combining 18 socioeconomic factors using Principal 
Component Analysis (PCA) to capture the overall socio-
economic standing of participants. The factors included: 
education level, employment status, occupation type, 
income level, household wealth, access to health services, 
access to clean water, sanitation facilities, place of resi-
dence (urban or rural), housing quality (e.g., type of roof-
ing and flooring), ownership of household assets (e.g., 
TV, car), land ownership, access to electricity, access to 
the internet or communication technologies, household 
size, type of fuel used for cooking, dietary quality and 
food security, and transportation access.

PCA was employed to reduce the dimensionality of the 
data and generate a composite SES score. The first com-
ponent, explaining the largest variance in the data, was 
retained and used as the SES index. This index was then 
categorized into five distinct levels, ranging from the low-
est (quintile 1) to the highest (quintile 5) SES, represent-
ing the overall socioeconomic distribution of the study 
population [27].
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The PERSIAN cohort questionnaire was used to deter-
mine the level of physical activity [28]. This includes 22 
questions divided into three categories: low (24-36.5 
MET/hour per day), moderate (36.6–44.4 MET/hour per 
day) and high (44.5 MET/hour per day). In addition, cur-
rent smokers were the participants those reported smok-
ing at least 100 cigarettes.

In the RaNCD cohort, 25 cubic centimeters of blood 
were taken from each eligible study participant after a 
12-hour break from eating in order to determine various 
biochemical markers. These markers included total cho-
lesterol (TC), triglycerides (TG), high-density lipoprotein 
cholesterol (HDL-C), low-density lipoprotein cholesterol 
(LDL-C), and fasting blood sugar (FBS). The blood sam-
ples were separated into whole blood and serum compo-
nents and then stored at -80 °C in the RaNCD laboratory 
of the cohort center until analysis. Enzyme kits from Pars 
Azmun, Iran, were used to measure the concentrations of 
TC, HDL-C, TG, and LDL-C. The glucose oxidase tech-
nique was used to measure the serum FBS [27].

The BSM 370 device from Biospace Co. of Seoul, Korea. 
was used to measure body height. A bio-impedance ana-
lyzer, namely the InBody 770 from Biospace in Korea, 
was used to measure body weight. The body mass index 
(BMI) was calculated using the formula weight (kg)/
height2 (m). The waist circumference (WC) was divided 
by the hip circumference (HP) to obtain the waist-to-hip 
ratio (WHR). After the participants had rested for at least 
ten minutes, blood pressure was measured in a sitting 
position using a Reister sphygmomanometer with a cuff 
and stethoscope.

Dietary assessment
Dietary information was collected through in-person 
interviews using a nationally validated semi-quantitative 
Food Frequency Questionnaire (FFQ) consisting of 118 
items [29]. Participants answered questions about the 
frequency and portion sizes of foods they consumed, 
including bread and cereals, dairy products, red and 
white meats, legumes, fruits and vegetables, sweets and 
desserts, tea and coffee, nuts, oils, and fats. A booklet 
with standard portion sizes was provided to assist in esti-
mating the amounts consumed. The English translation 
of the FFQ has been included as an online supplement/
appendix for reference [29].

Healthy beverage index score
The Healthy Beverage Index (HBI) score was calculated 
using the Duffey and Davy approach [30]. Beverages 
were divided into eight categories, and participants were 
scored based on their intake of each beverage type. The 
categories and scoring system were as follows:

1. Water: 0–15 points.

2. Tea and unsweetened coffee: 0–5 points.
3. Diet drinks (artificially sweetened beverages and 

calorie-free drinks): 0–5 points.
4. Natural fruit juices: 0–5 points.
5. alcohol: 0–5 points.
6. Low-fat milk: 0–15 points.
7. Total beverage energy: 0–20 points.
8. Meeting fluid requirements: 0–20 points.

These categories were based on the total amount of bev-
erages. A higher cumulative HBI indicates better adher-
ence to a healthier HBI pattern. The HBI score ranges 
from 0 to 100 and as no information on alcohol content 
and diet beverages was available for this study, the high-
est possible HBI score was 95 [31]. Finally, participants 
were categorized into tertiles based on their HBI scores, 
with the lowest group serving as the reference category.

Metabolic syndrome and its components
Metabolic syndrome was defined as the presence of three 
or more of the following criteria (component) based 
on the American Heart Association/National Heart 
definition:

1) Hypertension: Systolic blood pressure (SBP) ≥ 130 
mmHg or diastolic blood pressure (DBP) ≥ 85 mmHg, 
or the use of antihypertensive medication. 2) Increased 
waist circumference: ≥102  cm (40 inches) in men and 
≥ 88 cm (35 inches) in women. 3) High triglycerides: TG 
levels ≥ 150 mg/dL or the use of medication to treat high 
triglycerides. 4) Low HDL cholesterol: HDL-C < 40  mg/
dL in men and < 50 mg/dL in women, or the use of medi-
cation to treat low HDL. 5) High fasting blood sugar: 
FBS ≥ 100  mg/dL (5.6 mmol/L) or a known diagnosis of 
diabetes [32].

Statistical analysis
Quantitative variables were presented as mean ± stan-
dard deviation, while qualitative variables were reported 
as frequency (percentage). The normality of the data was 
tested using the Kolmogorov-Smirnov test.

A one-way ANOVA was performed to compare the 
mean ± standard deviation of the anthropometric and 
biochemical characteristics between the three study 
groups. Frequency comparisons were performed using 
the Chi-square test. Crude and adjusted logistic and lin-
ear regression models were used to determine the asso-
ciation between HBI score and MetS and its components, 
with estimates reported along with 95% confidence inter-
vals (CIs). Potential confounding variables such as age, 
sex, total energy intake, SES, physical activity, smoking, 
and BMI were controlled for in the adjusted model [33, 
34]. For statistical analyses, significance was defined as a 
P < 0.05, and results were reported with 95% confidence 
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intervals. All analyses were performed using STATA soft-
ware, version 14.2 (Stata Corp, College Station, Tex).

Results
The mean age of the study population (9,025 participants) 
was 47.22 ± 8.28 years, with no significant difference 
between the three tertiles (p = 0.437). The study popula-
tion was evenly distributed between men and women, 
with no statistically significant differences in gender dis-
tribution between the tertiles (p = 0.064).

Marital status differed significantly between tertiles, 
with a higher proportion of married individuals in the 
higher HBI tertile (p = 0.008). The level of physical activ-
ity also varied significantly, with a higher percentage of 
participants in the “high physical activity” category in the 
lower HBI tertile (p = 0.044). Current smoking status also 
showed significant differences between tertiles (p < 0.001). 
There was no difference between alcohol consumption 
and HBI tertiles (p = 0.451). Anthropometric measures 
such as BMI, WC, hip circumference, waist-to-hip ratio, 

body fat mass and visceral fat area were significantly 
lower in the higher HBI tertile group (p < 0.001 for all). 
Cardiometabolic risk factors, including TG, FBS, SBP and 
DBP, were also significantly lower in the higher HBI ter-
tiles (p < 0.001 for all). In contrast, HDL-C was higher in 
the highest HBI tertile (47.55 ± 11.40) than in the lowest 
tertile (45.25 ± 10.98). The prevalence of MetS was signifi-
cantly higher in the lower HBI tertile than in the higher 
tertiles (p < 0.001). These results suggest that individuals 
with higher HBI levels have a more favorable anthropo-
metric and cardiometabolic profile (Table 1).

Water intake increased significantly across HBI ter-
tiles, with the highest tertile (T3) consuming an average 
of 3367 ± 1779  ml/day compared to 1582 ± 1023  ml/day 
in the lowest tertile (T1) (p < 0.001). The consumption of 
unsweetened coffee and tea was also significantly higher 
in the higher HBI tertiles: T3 consumed an average of 
455.23 ± 26.35  ml/day compared to 248.04 ± 25.32  ml/
day in T1 (p < 0.001). The consumption of low-fat milk 
and 100% fruit juice also increased slightly across the HBI 

Table 1 Characteristics of the study population by tertiles of healthy Beverage Index
Characteristics All (n = 9,025) T1 (< 45)

(n = 3,060)
T2 (45–70)
(n = 2,930)

T3 (71–80)
(n = 3,035)

P-value

Age (year) 47.22 ± 8.28 47.75 ± 8.38 46.90 ± 8.23 46.99 ± 8.20 0.437
Gender, n (%)
 Male 4596 (50.93) 1584 (51.76) 1440 (49.15) 1572 (51.80) 0.064
 Female 4429 (49.07) 1476 (48.24) 1490 (50.85) 1463 (48.20)
Marital status, n (%)
 Single 401 (4.44) 135 (4.41) 138 (4.78) 128 (4.22) 0.008
 Married 8138 (90.17) 2717 (88.79) 2656 (90.65) 2765 (91.10)
 Divorced and other 486 (5.39) 208 (6.79) 136 (4.64) 142 (4.68)
Physical activity (Met h/day)
 Low 2707 (29.99) 889 (29.05) 888 (30.31) 930 (30.64) 0.044
 Moderate 4211 (46.66) 1400 (45.75) 1397 (47.68) 1414 (46.59)
 High 2107 (23.35) 771 (25.20) 645 (22.01) 692 (22.77)
Current smoker, n (%) 1100 (12.33) 408 (13.49) 362 (12.51) 330 (10.99) < 0.001
Alcohol use, n (%) 485 (5.37) 152 (4.97) 161 (5.49) 172 (5.67) 0.451
Body Mass Index, kg/m2 27.91 ± 4.51 28.01 ± 4.33 27.92 ± 4.66 26.55 ± 4.61 < 0.001
Waist Circumference, cm 97.30 ± 10.62 98.34 ± 10.70 97.14 ± 10.52 96.36 ± 10.54 < 0.001
Hip Circumference, cm 102.63 ± 9.02 103.38 ± 9.40 102.57 ± 8.83 101.91 ± 8.73 < 0.001
Waist-to-Hip Ratio 0.94 ± 0.06 0.94 ± 0.06 0.92 ± 0.06 0.91 ± 0.61 < 0.001
Body Fat Mass 25.13 ± 9.57 25.86 ± 9.69 24.92 ± 9.46 24.59 ± 9.50 < 0.001
Percent Body Fat 33.90 ± 9.48 34.43 ± 9.47 33.64 ± 9.36 33.60 ± 9.61 0.003
Visceral Fat Area 122.54 ± 51.63 126.36 ± 52.03 121.13 ± 50.90 119.94 ± 51.72 < 0.001
TC, mg/dL 185.56 ± 37.93 186.71 ± 38.77 185.54 ± 31.22 184.35 ± 37.86 0.037
TG, mg/dL 122.47 ± 87.80 129.77 ± 88.99 123.46 ± 90.87 113.70 ± 82.41 < 0.001
LDL-C, mg/dL 111.66 ± 31.39 112.26 ± 32.16 11.37 ± 31.34 111.31 ± 30.63 0.382
HDL-C, mg/dL 46.63 ± 11.35 45.25 ± 10.98 46.68 ± 11.49 47.55 ± 11.40 < 0.001
FBS, mg/dL 97.06 ± 30.17 100.45 ± 35.17 96.16 ± 29.50 94.37 ± 24.16 < 0.001
SBP, mm Hg 108.21 ± 17.03 108.94 ± 17.32 104.14 ± 16.98 101.49 ± 14.74 0.002
DBP, mm Hg 68.82 ± 9.93 71.12 ± 10.03 69.82 ± 9.98 65.51 ± 9.75 0.003
Metabolic Syndromes, n (%) 3702 (41.13) 1355 (44.46) 1205 (39.78) 1142 (39.06) < 0.001
Abbreviations: HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TG, Triglycerides; TC, total cholesterol; FBS, fasting blood 
sugar, SBP, systolic blood pressure; DBP, diastolic blood pressure. *Analysis of variance (ANOVA) and Chi square, P < 0.05
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tertiles, although the differences were less pronounced 
(p = 0.001 and p < 0.001 respectively). In contrast, con-
sumption of sugar-sweetened beverages decreased sig-
nificantly from the lowest to the highest HBI tertile, with 
T1 consuming an average of 927  ml/day compared to 
699 ml/day in T3 (p < 0.001). Regarding the percentage of 
total energy intake from beverages, a significant increase 
was observed from the lowest to the highest HBI tertile, 
with T3 obtaining 14.13% of their energy from beverages 
compared to 6.19% at T1 (p < 0.001). In addition, study 
participants in the higher HBI tertiles were more likely 
to meet the recommended fluid intake of 2,800-3,000 ml/
day, with T3 consuming an average of 2,931 ml/day com-
pared to 2,381  ml/day in T1 (p < 0.001). These results 
suggest that individuals with higher HBI scores tended 
to have more favorable beverage consumption pat-
terns, characterized by higher consumption of water and 
unsweetened coffee/tea, lower consumption of sugar-
sweetened beverages, and a greater likelihood of achiev-
ing the recommended fluid intake (Table 2).

The association between HBI tertiles and risk of MetS 
showed that in the crude model, individuals in the high-
est HBI tertile (T3) had a significantly lower risk of MetS 
than individuals in the lowest tertile (T1), with an odds 
ratio (OR) of 0.89 (95% CI: 0.80–0.98). This inverse asso-
ciation remained statistically significant after adjust-
ing for age, sex, and total energy intake in Model 1 (OR: 
0.82, 95% CI: 0.77–0.87). When additional adjustments 
were made for SES, physical activity, smoking and BMI 
in model 2, the association between HBI and risk of MetS 

remained statistically significant (OR: 0.73, 95% CI: 0.55–
1.01). However, the confidence interval became wider in 
the fully adjusted model, indicating a possible attenuation 
of the effect size due to the inclusion of these additional 
confounders. The p-trend values of all three models were 
statistically significant, indicating a dose-response rela-
tionship between higher HBI levels and a lower risk of 
MetS. These results suggest that adherence to a healthier 
lifestyle, as reflected by a higher HBI score, is associated 
with a lower risk of developing MetS, even after account-
ing for sociodemographic and lifestyle factors (Table 3).

The associations between total HBI and the individual 
components of MetS were assessed using linear regres-
sion models. In the crude model, a higher HBI score 
was significantly associated with a lower WC (β = -0.62, 
p < 0.001), lower TG levels (β = -2.92, p < 0.001), lower 
FBS (β = -2.09, p < 0.001) and a lower risk of hyperten-
sion (β = -1.90, p = 0.014). However, the association with 
low HDL-C was not statistically significant (p = 0.546). 
After adjustment for age, sex and total energy intake 
in model 1, the inverse associations for WC (β = -0.69, 
p < 0.001) and FBS (β = -1.95, p < 0.001) remained signifi-
cant. The association with hypertension was attenuated 
and became non-significant (p = 0.082), while the asso-
ciations with TG and HDL cholesterol also lost statisti-
cal significance. In fully adjusted model 2, which included 
additional covariates such as SES, physical activity, smok-
ing and BMI, the significant inverse association remained 
only for FBS (β = -1.76, p < 0.001). The associations with 
WC, TG, HDL-C and hypertension were no longer sta-
tistically significant after adjusting for these confounders. 
These results suggest that higher HBI is primarily associ-
ated with lower FBS levels. The associations with other 
components of MetS appear to be partially explained by 
the influence of these confounders (Table 4).

Discussion
In this study, a significant association was found between 
HBI scores and the likelihood of developing metabolic 
syndrome. Individuals who consumed more HBI exhib-
ited a significantly lower odd of developing MetS.

Table 2 Daily healthy beverage intake per healthy Beverage Index tertiles
HBI Components T1 (< 45)

(n = 3,060)
T2 (45–70)
(n = 2,930)

T3 (71–80)
(n = 3,035)

P-value

Water intake (ml/day) 1582 ± 1023 2006 ± 815 3367 ± 1779 < 0.001
Unsweetened coffee and tea (ml/day) 248.04 ± 25.32 359.52 ± 27.67 455.23 ± 26.35 < 0.001
Low-fat milk (ml/day) 51.32 ± 74.05 52.06 ± 70.67 53.15 ± 69.62 0.001
100% fruit juice (ml/day) 5.37 ± 14.81 5.91 ± 16.75 6.71 ± 17.26 < 0.001
Sugar-sweetened beverages (ml/day) 926.94 ± 635 ± 40 751.77 ± 510.44 698.88 ± 432.38 < 0.001
% energy from beverages 6.19 ± 2.70 7.51 ± 1.17 14.13 ± 5.19 < 0.001
Meeting fluid requirement (ml/day) 2381.40 ± 889.01 2801.27 ± 937.19 2931.24 ± 1005.12 < 0.001
Data are presented as means ± standard deviations for daily intake of beverages and percentage of energy from beverages, categorized by tertiles of the Healthy 
Beverage Index (HBI). Tertile 1 (T1) includes individuals with an HBI score less than 45, Tertile 2 (T2) includes individuals with an HBI score between 45 and 70, and 
Tertile 3 (T3) includes individuals with an HBI score between 71 and 80. P-values indicate the significance of differences between tertiles

Table 3 Associations of Healthy Beverage Index score with 
metabolic syndrome using logistic regression model
Model OR (95%CI) P-trend

T1 T2 T3
Crude model 1.00 0.90 (0.86–0.94) 0.89 (0.80–0.98) < 0.001
Adjusted model 1 1.00 0.90 (0.86–0.95) 0.82 (0.77–0.87) < 0.001
Adjusted model 2 1.00 0.94 (0.89–0.96) 0.73 (0.55–1.01) 0.016
Model 1. Adjusted for age, sex, total energy intake

Model 2. Adjusted for age, sex, total energy intake, SES, physical activity, 
smoking, and BMI
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In the context of public health and nutrition, the 
Healthy HBI is an important tool for evaluating and 
advocating healthier beverage choices. It provides a thor-
ough and consistent method to assess people’s beverage 
consumption habits, taking into account a variety of bev-
erages, from water to sugar-filled drinks [35]. The HBI is 
a useful tool for individuals, healthcare providers, and 
policymakers to make informed decisions about bever-
age consumption by rating different beverages according 
to their nutritional value [24]. This helps to identify and 
quantify healthier beverage options [24]. The importance 
of the HBI extends beyond personal health, as it can sup-
port public health campaigns that encourage people to 
adopt healthy drinking habits to reduce the incidence of 
chronic diseases related to diet, such as metabolic syn-
drome and obesity [3, 36]. The HBI plays a key role in 
improving our knowledge of how beverage choices affect 
overall health and in developing ways to change dietary 
habits and improve public health outcomes [37].

A notable addition to the study on diet and metabolic 
health is the observation that individuals with higher 
HBI scores are significantly less likely to develop MetS. 
The complicated and multidimensional disease known 
as metabolic syndrome is related to a number of risk fac-
tors, such as insulin resistance, high blood pressure, and 
obesity [38].

According to the results of the study, an important fac-
tor influencing metabolic health is the caliber of bever-
ages selected, as indicated by higher HBI levels. This 
result supports the notion that a balanced and health-
conscious choose of beverages can help reduce the risk of 
MetS. A more complex understanding of the function of 
drinks for metabolic health is enabled by the methodol-
ogy of the study, which takes a comprehensive approach 
to beverages and uses a scoring system to assess their 
health.

It is helpful to compare these results with those rele-
vant studies in order to put them in perspective. A study 
conducted by Appelhans et al. (2016) examined bever-
age consumption in a broad population and the risk 
of MetS [38]. The harmful effects of sugary beverages 
were highlighted by Appelhans et al.‘s study that higher 

consumption of SSBs was associated with an increased 
risk of MetS [38]. Sugar-sweetened beverages contain 
high amounts of fructose [39]. The liver converts fructose 
into fatty acids, which are then stored as triglycerides. 
This process promotes the accumulation of fat in the liver 
(hepatic steatosis) and contributes to non-alcoholic fatty 
liver disease (NAFLD), a common component of MetS 
[40]. Excessive fructose leads to insulin resistance in the 
liver and muscle tissues. High fructose intake impairs the 
insulin receptor’s ability to activate the signaling pathway 
(e.g., the PI3K-Akt pathway), reducing glucose uptake by 
muscle and fat cells [41]. The results of this study and the 
current publication are consistent with each other and 
emphasize the importance of beverage choice for the risk 
of MetS.

In our study, an inverse association between HBI and 
MetS was demonstrated. According to a study by Liu et 
al. (2021) [42], higher HBI is negatively associated with 
MetS in US women. In addition, Shin et al. (2018) found 
a positive association between SSB consumption and the 
odds of MetS (OR: 1.61; 95% CI: 1.20–2.16) [43]. In addi-
tion, another study conducted by Denova-Gutiérrez et 
al., (2010) in adult Mexicans found that consumption of 
drinks with added sugar increased the odds of develop-
ing MetS [44]. According to a number of studies, those 
who consumed more sugar-sweetened beverages (SSBs) 
had a 0.5–2 times higher incidence of MetS [45, 46]. 
Independent of body weight, another study by Mirmiran 
et al. (2015) found that sugar-sweetened carbonated soft 
drinks were positively associated with MetS, hyperten-
sion, abdominal obesity, and a higher odds of unfavorable 
changes in cardiometabolic risk variables [47].

Compared to the groups with lower HBI scores, the 
study found that individuals with higher HBI scores had 
significantly lower waist circumference, lower triglycer-
ide levels, improved FBS levels, and a lower prevalence 
of hypertension. These results suggest a favorable asso-
ciation between healthy beverages and cardiometabolic 
well-being.

According to a study by Duffey and Davy (2015) [30], 
there is a correlation between a higher HBI and a lower 
probability of having a large WC. Similarly, Collison et 

Table 4 Associations of total healthy Beverage Index score with the components of metabolic syndrome using linear regression 
model
MetS Components Crude Model Model 1 Model 2

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value
Waist circumference -0.62 (-0.84, -0.39) < 0.001 -0.69 (-0.93, -0.46) < 0.001 -0.01 (-0.15, 0.12) 0.812
Triglycerides -2.92 (-4.81, -1.03) < 0.001 1.43 (-0.45, 3.32) 0.136 1.69 (-0.15, 3.54) 0.073
Fasting blood sugar -2.09 (-2.74, -1.45) < 0.001 -1.95 (-2.62, -1.29) < 0.001 -1.76 (-2.42, -1.10) < 0.001
High-density lipoprotein 0.07 (-0.16, 0.31) 0.546 0.21 (-0.02, 0.45) 0.076 0.08 (-0.15, 0.32) 0.476
Hypertension -1.90 (-3.41, -0.38) 0.014 -1.31 (-2.79, 0.16) 0.082 -0.31 (-1.73, 1.11) 0.669
Model 1. Adjusted for age, sex, total energy intake

Model 2. Adjusted for age, sex, total energy intake, SES, physical activity, smoking, and BMI
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al. (2010) [48] discovered that larger WC in school chil-
dren was related to increased consumption of carbon-
ated, sugar -sweetened beverages. In addition, studies 
by Funtikova et al. (2015) on adults in Spain showed that 
replacing soft beverages with fruit juice and whole milk, 
both containing 100 kcal, reduced WC by 1.1 and 1.3 cm, 
respectively [49].

To fully understand the relationship between healthy 
beverages and cardiometabolic well-being, it is important 
to contrast these results with another study. We refer to 
a related study by Jahanbazi et al. (2023), which investi-
gated how HBI scores affect cardiometabolic health [26]. 
Similar results were observed in the study by Kiyah et al. 
which used a larger sample size (n = 16,252) and a longitu-
dinal approach. According to the Kiyah et al. study, those 
with higher HBI scores had a significant decrease in their 
waist circumference, a significant improvement in their 
FBS levels, a significant decrease in their triglyceride lev-
els, and a significant decrease in the prevalence of hyper-
tension compared to those with lower HBI scores.

The comparable results of the two studies demonstrate 
the strength of the association between improved car-
diometabolic health outcomes and healthy beverages as 
determined by HBI scores.

Strengths/limitations
The strength of this study lies in its large, well-defined 
cohort and robust methodology. This study provides a 
thorough and statistically significant examination of the 
association between metabolic syndrome and the HBI 
using data from a large population sample. The large 
cohort ensures better generalizability of the results to a 
broader population and also improves statistical power.

The limitations of the research under review, which 
include plausible confounding factors and cross-sectional 
methodology. Longer-term randomized controlled tri-
als are needed to determine the relationship between 
healthy beverage intake and cardiometabolic health. It 
is also important to consider the extent to which these 
results are transferable to different demographics and 
cultural setting.

Conclusion
The results of study suggest that higher HBI scores are 
associated with a lower developing of MetS. This empha-
sizes the importance of choosing health-promoting 
drinks as a strategy - to control and prevent MetS. These 
findings add to the growing body of research demonstrat-
ing the association between dietary habits and metabolic 
health and provide practical advice for people and pub-
lic health programs aimed at improving metabolic health 
outcomes.
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