— . CLINICAL SCIENCE OF Research Article

| — N U T R I TI O N Clin Sci Nutr. 2026;Early View:1-8 DOI: 10.62210/ClinSciNutr.2026.134
-

Association of HbA1c levels with anthropometric measures and
body composition: Emphasis on waist-to-hip ratio as a marker
of glycemic impairment

Gamze Celen Akarsu'®, Ayhan Dag?®, Betul Erismis3®, Esra Firat Oguz*®, Enes Seyda Sahiner®

'Department of Nutrition and Dietetics, Bilkent City Hospital, Ankara, Tiirkiye

2Department of Nutrition and Dietetics, Faculty of Health Sciences, Lokman Hekim University, Ankara, Tirkiye
3Department of Internal Medicine, Faculty of Medicine, University of Health Sciences, Bilkent City Hospital, Ankara, Tirkiye
“Department of Medical Biochemistry, Bilkent City Hospital, Ankara, Turkiye

*Department of Internal Medicine, Faculty of Medicine, University of Health Sciences, Bilkent City Hospital, Ankara, Tirkiye

Cite this article as: Celen Akarsu G, Dag A, Erismis B, Firat Oguz E, Sahiner ES. Association of HbA1c levels with anthropometric measures and
body composition: Emphasis on waist-to-hip ratio as a marker of glycemic impairment. Clin Sci Nutr. 2026;Early View:1-8.

ABSTRACT

Objective: This study aimed to evaluate the relationships between glycated hemoglobin (HbA1c) levels and anthropometric
measurements (body mass index (BMI), waist circumference (WC), and waist-to-hip ratio (WHR) as well as body composition
parameters.

Method: A total of 145 individuals (control, n=49; prediabetes, n=48; type 2 diabetes, n=48) were included in this cross-
sectional study. HbA1c levels, BMI, WC, and WHR were measured in the participants; body composition was assessed using
bioelectrical impedance analysis (BIA). Appropriate parametric and non-parametric tests were used for between-group
comparisons, and relationships among variables were examined using correlation analyses. Analyses adjusted for age, gender,
use of antidiabetic medications, and regular physical activity status were performed using generalized linear models (GLM).

Results: BMI, WC, and WHR values were found to be significantly lower in the control group compared to the prediabetes
(preDM) and type 2 diabetes (T2DM) groups (p<0.001). No significant difference was observed between the preDM and
T2DM groups regarding these parameters. Body fat percentage and fat mass were found to be higher in the preDM and T2DM
groups compared to the control group (p<0.001). HbA1c levels showed a positive correlation with BMI, WC, WHR, body fat
percentage, and fat mass (p<0.05). In analyses adjusted for gender and age, WC and WHR were found to be independently
associated with HbA1c, with the strongest association observed for WHR (B: 4.301; p=0.006).

Conclusion: In this study, abdominal obesity indicators, particularly WC and WHR, showed stronger associations with HbAlc
levels compared to BMI. These findings suggest that markers of abdominal obesity may be associated with glycemic status.
However, due to the cross-sectional study design, these associations cannot be interpreted as causal.
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Introduction

Diabetes mellitus (DM) has become a major public health
problem due to its increasing prevalence and the serious
complications it causes.! Type 2 diabetes mellitus (T2DM)
accounts for the majority of diabetes cases and is
closely associated with obesity. In particular, abdominal
fat accumulation and increased body fat percentage
play a significant role in insulin resistance and impaired
glycemic control.??

Although body mass index (BMI) is widely used in the
assessment of obesity, it has limitations as it does
not reflect body fat distribution.* In contrast, waist
circumference (WC) and waist-to-hip ratio (WHR) are
indicators that better reflect abdominal adiposity and
may show stronger associations with diabetes risk.>¢

Bioelectricalimpedance analysis (BIA) isacommonly used
non-invasive method for assessing body composition
and allows a more detailed evaluation of parameters such
as fat mass and fat-free mass.” It is known that changes
in body composition affect glucose metabolism and
insulin sensitivity.8®

HbA1c is a reliable biomarker reflecting average blood
glucose levels over the past 2—3 months and is widely used
for long-term glycemic control assessment.”® However,
the strength and relative importance of the relationships
between HbA1c and various obesity indicators and body
composition parameters are not yet fully clear.

The aim of this study is to comparatively evaluate the
relationships between HbA1c levels and anthropometric
measurements (BMI, WC, and WHR) as well as body
composition parameters determined by BIA in healthy
individuals and those diagnosed with preDM and T2DM,

Main Points

- Indicators reflecting abdominal obesity (WC and
WHR) show stronger associations with HbA1c levels
compared to BMI.

« These findings suggest that considering WC and,
particularly, WHR measurements may be beneficial in
assessing glycemic status.

+ The observed associations between HbAlc,
anthropometric measurements, and body
composition parameters in the prediabetes stage
support the notion that metabolic impairment begins
early.

and to elucidate the role of abdominal obesity indicators
in particular. However, studies that evaluate these
parameters comparatively within the same population
and in conjunction with multivariate analyses are limited.

Materials and Methods

Study population and design

This study was designed as a cross-sectional study. A
total of 145 individuals aged between 19 and 65 years
who presented to the Internal Medicine Outpatient
Clinic, Ankara Bilkent City Hospital between November
2024 and June 2025 were consecutively included,
provided that biochemical blood test results obtained
within the previous 48 hours were available. The sample
size of the study was determined prior to data collection
using an a priori power analysis via G*Power software
(version 3.1.9.7). Assuming an effect size of f = 0.40, a
significance level of a = 0.05, and a statistical power of
95% (1-B = 0.95), the minimum required sample size was
calculated as 102 participants. A total of 145 participants
were included in the study.

Participants were categorized into three groups
according to their clinical diagnoses:

1. Control group: individuals with HbAlc < 5.7% and no
comorbidities,

2.PreDM group: individuals with fasting plasma
glucose (PG) 100-125 mg/dL and a 2-hour PG result
of 140-199 mg/dL on an oral glucose tolerance test
(OGTT) (75 g glucose) and/or HbAlc 5.7-6.4%,

3. T2DM group; individuals meeting any of the following
criteria: fasting PG =126 mg/dL after at least 8 hours
of fasting, or 2-hour PG 2200 mg/dL on an OGTT
(75 g glucose), or random PG =200 mg/dL, or HbA1lc
>6.5%, in the presence of typical DM symptoms.?

Individuals under 19 years of age and over 65 years of
age, those unable to provide informed consent, insulin
users, those with type 1 DM, gestational DM, malignancy,
severe systemic disease (heart failure, liver or kidney
disease, or lung disease, etc.), those with a history of
psychiatric or neurological disorders, individuals with
severe acute or chronic infectious diseases, and pregnant
or breastfeeding women were excluded from the study.

Ethical approval for the study was obtained from the
Ankara Bilkent City Hospital Scientific and Ethical Review
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Board for Medical Research (TABED) on October 2, 2024,
under number TABED 2 — 24 — 553.

Data collection

Data were collected using a face-to-face questionnaire.
Body weight, height, waist circumference, and hip
circumference were measured using standard methods,
and BMI was calculated. Body weight and composition
(body fat percentage, muscle mass) were measured using
a BIA device. Waist circumference was measured at the
midpoint between the lowest rib and the iliac crest using
a measuring tape, while hip circumference was measured
at the widest part of the hips."WHR was calculated as
waist circumference divided by hip circumference and
was analyzed as a continuous variable in the statistical
analyses.

Biochemical parameters were obtained from routine
laboratory analyses ordered by a physician at the hospital
and analyzed at the Medical Biochemistry Laboratory of
Ankara Bilkent City Hospital.

Physical activity status was assessed in accordance with
the international guidelines recommending at least 150
minutes of moderate-intensity exercise per week for
individuals with diabetes. Participants were questioned
about their regular exercise habits, including the type
(e.g., walking, running, swimming, pilates), duration, and
weekly frequency of the activities. Participants who met
the 150-minute threshold were categorized as ‘regularly
exercising’, while those who did not were categorized as
‘not regularly exercising'.”?

Statistical analysis

The normality of the data obtained in the study
was assessed using the Kolmogorov-Smirnov test.
Continuous variables are presented as mean + standard
deviation (mean * SD) or median (interquartile range
[IQR]), as appropriate.

For comparisons between groups, one-way analysis of
variance (ANOVA), the Kruskal-Wallis test, and the Mann-
Whitney U test were used as appropriate. Bonferroni-
adjusted post-hoc tests were applied for significant
results. Categorical variables were analyzed using the
chi-square test.

The relationship between HbAlc groups and
anthropometric measurements and body composition

parameters was examined using Spearman’s correlation
analysis. Analyses adjusted for gender, regular physical
activity status, and antidiabetic medication use were
performed using one-way analysis of covariance
(ANCOVA). The independent relationships between
HbAlc levels and the variables were determined using
a general linear model (GLM) adjusted for gender and
age. Because anthropometric variables were expressed
on different numerical scales, interpretation of f
coefficients was performed cautiously and focused
primarily on the direction and statistical significance of
associations rather than direct comparison of coefficient
magnitudes. To minimize potential multicollinearity,
anthropometric and body composition variables were
evaluated in separate regression models. Multicollinearity
was assessed using variance inflation factor (VIF), and all
observed values remained within acceptable limits.

Statistical significance was accepted as p<0.05.8

The analyses were conducted using three different
approaches.

1. control, preDM, and T2DM groups formed based on
clinical diagnosis,

2. groups based on HbA1c levels (<5.7; 5.7-6.4; 26.5)
to evaluate relationships independent of diagnosis,

3. correlation and covariance analyses based on HbAlc
values.

In HbAlc-based analyses, the use of antidiabetic
medications and regular physical activity were taken into
account. The statistical tests used for each analysis are
specified below the relevant tables.

Results

Demographic characteristics and HbA1c levels

A total of 145 participants (control: n=49, preDM: n=48,
T2DM: n=48) were included in the study. A significant
difference in age was observed between the groups
(p=0.015); the control group was found to be younger
than the preDM and T2DM groups (p<0.05), while no
difference was observed between the preDM and T2DM
groups (p>0.05). No difference was found in gender
distribution among the groups (p=0.081). HbA1c levels
showed significant differences among the groups
(p<0.001), and all groups were found to be significantly
different from one another (p<0.05).
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The demographic characteristics and HbAlc levels are
presented in Table 1.

Comparison of anthropometric measurements
across groups

BMI, WC, and WHR values showed significant differences
across groups (p<0.001 for all results). These parameters
were found to be lower in the control group compared
to the preDM and T2DM groups; however, no significant
difference was observed between the preDM and T2DM
groups.

In the analysis by gender, no significant effect was

observed on BMI (p>0.05), while WC and WHR values
were found to be higher in males (p<0.001).

Table 1. Demographic characteristics and HbAlc levels

The results of the anthropometric measurements are
presented in Table 2.

Distribution of body composition parameters
across groups

Body fat percentage and fat mass showed significant
differences across groups (p<0.001), and these values
were lower in the control group. No significant difference
was observed between the PreDM and T2DM groups. No
significant difference was observed between the groups
in terms of FFM (p=0.09). When evaluated by gender,
body fat percentage and fat mass were higher in females,
while FFM was higher in males (p<0.05).

The results are presented in Table 3.

Variable Control (n= 49) PreDM (n= 48) T2DM (n= 48) p-value
Age (years) 41(36-46)a 46 (41-52)b 44 (40-49)b 0.015
HbA1c (%) 5.3(5.1-5.5)a 5.9 (5.8-6.1)b 7.6 (6.4-8.9)c <0.001
Gender (M/F) 17/32 19/29 27/21 0.081

Data are given as median (IQR). Kruskal-Wallis test with Bonferroni post-hoc analysis was used. Different superscripts (a, b, ¢) indicate significant differences

between groups. p<0.05 was considered statistically significant.

HbA1c: glycated hemoglobin; DM: diabetes mellitus; T2DM: type 2 diabetes mellitus; M: male; F: female.

Table 2. Distribution of anthropometric measurements across groups

Variable Control (n= 49) PreDM (n= 48)
BMI 267 +47a 32.3+58b
WC 92.4 +13.6a 103.6 + 12.1b
WHR 0.87 +0.1a 0.94 + 0.09b

T2DM (n= 48) p-value Gender Effect
319+44b <0.001 Not Significant
106.1 £ 9.9b <0.001 Male> Female*
0.96 + 0.06b <0.001 Male> Female*

Data are given as mean + SD. ANOVA was applied for comparisons. Different superscripts (a, b) indicate significant differences between groups.

p<0.05 was considered statistically significant. *p<0.001

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; DM: diabetes mellitus; T2DM: type 2 diabetes mellitus.

Table 3. Distribution of body composition parameters across group

Control (n= 49) PreDM (n= 48)
27.0 (22.5-31.5)a
Fat mass (kg) 21.0 (15.5-26.5)a

FFM 51.7 (42.7-60.7)

Variable

Body fat (%)

53.4 (44.7-61.0)

36.7 (29.0-44.2)b
29.7 (20.3-39.0)b

T2DM (n= 48) p-value Gender Effect
32.0 (26.5-37.5)b <0.001 Female> Male*
28.6 (22.8-34.5)b <0.001 Female> Male*
58.7 (49.4-68.0) 0.09 Male> Female*

Data are given as median (IQR). Kruskal-Wallis test with Bonferroni post-hoc analysis was used. Gender differences were analyzed using the Mann-Whitney
U test. Different superscripts (a, b) indicate significant differences between groups. p<0.05 was considered statistically significant. * p<0.05

DM: diabetes mellitus; T2DM: type 2 diabetes mellitus; FFM: fat-free mass.
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The association between HbA1c groups and
anthropometric measurements and body
composition parameters

Moderate positive correlations were found between
HbA1c groups and anthropometric measurements (BMI:
r=0.39; WC: r=0.42; WHR: r=0.37; p<0.001 for all). These
findings indicate a association between increases in
anthropometric measurements and higher glycemic
levels. The strongest association among anthropometric
parameters was observed with WC.

Weak-to-moderate positive associations were found
between body composition parameters and HbAlc
groups (body fat percentage r=0.22, fat mass r=0.31, and
FFM r=0.20). This suggests that abdominal fat indicators
may be more strongly associated with glycemic status
compared to total body fat indicators.

Afteradjusting forantidiabetic medicationuse andregular
physical activity (ANCOVA), differences between HbA1lc
groups remained significant for BMI, WC, WHR, body fat
percentage, and fat mass (p<0.001 for all results), while
no significant difference was found for FFM (p=0.202).

The results are presented in Table 4.

Association between HbA1c levels and
anthropometric measurements and body
composition parameters

In a general linear model (GLM) analysis adjusted for
age and gender, it was found that WC and WHR were
independently associated with HbAlc. WC showed
a positive and independent association with HbAIc;
each 1 cm increase in WC was associated with a 0.028-
unit increase in HbAlc levels (B: 0.028; p=0.012). The
strongest association was observed with WHR (f=4.301;
p=0.006). While the association between BMIl and HbAlc
was borderline (p=0.065), no significant association was
found with FFM (p=0.648). These findings suggest that
measurements reflecting abdominal obesity may be
more closely associated with glycemic status compared
to general obesity and fat-free mass.

The results are presented in Table 5.

Table 4. Association between HbA1c groups and anthropometric measurements and body composition parameters

Variable Spearman'sr
BMI 0.39
wC 0.42
WHR 0.367
Body fat (%) 0.224
Fat mass (kg) 0.306
FFM 0.201

p-value (Correlation) p-value (ANCOVA)

<0.001 <0.001
<0.001 <0.001
<0.001 <0.001
0.007 <0.001
<0.001 <0.001
0.015 0.202

Spearman's correlation analysis was used. Group comparisons were performed using ANCOVA adjusted for medication use and regular physical activity.

p<0.05 was considered statistically significant.

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; FFM: fat-free mass.

Table 5. Association between HbAlc values and anthropometric measurements and body composition parameters

Variable B (Estimate)
BMI 0.044
WC 0.028
WHR 4.301
FFM 0.009

95% Confidence Interval p-value
-0.094 0.065
0.006-0.049 0.012
1.276-7.326 0.006
-0.079 0.648

Data are given as unstandardized f3 coefficients with 95% confidence intervals derived from age and gender- adjusted general linear models. p<0.05 was

considered statistically significant.

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; FFM: fat-free mass.
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Discussion

In this study, the relationships between HbAlc and
anthropometric measurements and body composition
parameters were evaluated in the control, preDM, and
T2DM groups. The findings suggest that impaired glucose
metabolism may be closely associated with abdominal
adiposity, particularly from the early stages onward.

When anthropometric measurements were examined,
BMI, WC, and WHR were lower in the control group,
while similar values were observed in the preDM and
T2DM groups. This pattern indicates that obesity—
particularly abdominal adiposity—may be linked to
glycemic impairment from early stages. Previous studies
have also demonstrated that abdominal fat accumulation
is strongly associated with insulin resistance and glucose
metabolism.*®

Although BMI is known to be associated with glycemic
control,”® the stronger associations observed for WC
and WHR in this study are noteworthy. This finding
supports the notion that fat distribution, rather than
total body weight, may be a more important determinant
of glycemic status. Consistent with our results, several
studies have reported that WC and WHR are more
strongly associated with HbA1c levels than BMI."®2¢
These findings are consistent with studies indicating that
abdominal fat accumulation may be associated with an
increased risk of diabetes even in individuals with normal
BMI values.®

When body composition parameters were evaluated, it
was observed that body fat percentage and mass were
increased in the preDM and T2DM groups compared to
the control group; however, no significant difference
was found between these two groups. This suggests that
an increase in body fat may occur in the early stages of
dysglycemia. The literature also reports that increased
body fat is associated with metabolic disorders and that
higher fat levels have been observed in individuals with
diabetes.®2122

The fact that no significant difference was observed
between groups in terms of FFM suggests that body
fat distribution may be a more decisive factor in the
association with HbAlc compared to muscle mass.
However, some studies have also reported thatlow muscle
mass is associated with an increased risk of diabetes.?32*
This highlights the complex and multifactorial nature of
body composition in relation to glycemic regulation.

Correlation analyses revealed significant positive
associations between HbAc groups and anthropometric
parameters as well as body composition parameters.
The strongest correlations were observed with WC, BMI,
and WHR, suggesting that measurements reflecting
abdominal adiposity may be more strongly associated
with glycemic status. Similar associations have previously
been demonstrated for WC,2 BMI,”and WHR.%® In
contrast, the associations with body fat percentage
and body fat mass were weaker. One study reported
that although fat mass is strongly associated with T2DM
risk—particularly in women and younger individuals—it
is not a better predictor than WC.#’ Additionally, another
study found that short-term changes in fat mass do
not significantly affect HbA1c levels in patients with
diabetes.?®

The fact that the results remained statistically significant
even after adjusting for regular physical activity and
the use of antidiabetic medications indicates that the
observed associations are relatively independent of
these factors. However, variables such as duration of
medication use and treatment adherence, along with the
cross-sectional study design, represent key limitations of
this study. Furthermore, although age and gender were
included as adjustment variables in the generalized linear
models, residual confounding related to age differences
between the study groups cannot be completely
excluded.

One of the key contributions of this study is the combined
evaluation of anthropometric and body composition
parameters across different glycemic states. In
multivariate analyses, WC and, particularly, WHR were
found to be more strongly associated with HbAlc
compared to BMI and FFM. Because WHR is expressed
on a narrower numerical scale than BMI and WC, the
magnitude of the B coefficient should be interpreted
cautiously and not considered a direct measure of effect
size. The observed relationship between increases in
WC and HbA1c levels supports the potential importance
of abdominal obesity indicators. The fact that BMI was
only marginally associated may be explained by its
limitations in reflecting fat distribution. In addition, no
evidence of substantial multicollinearity was observed in
the regression analyses, supporting the stability of the
reported associations.

Overall, the findings indicate that parameters reflecting
abdominal fat distribution are more closely associated
with glycemic status. However, due to the cross-
sectional design of the study, these associations should
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not be interpreted causally. From a clinical perspective,
incorporating WC and, in particular, WHR measurements
into routine evaluations may contribute to a more
accurate assessment of metabolic risk.

Conclusion

In this study, the relationships between HbA1c levels and
anthropometric as well as body composition parameters
were evaluated, and indicators reflecting abdominal
obesity (WC and WHR) were found to have stronger
associations with HbAlc compared to BMI. These findings
suggest that considering abdominal obesity indicators
may be beneficial in the assessment of glycemic status.
However, due to the cross-sectional design, causal
inferences cannot be made. Further large-scale and
prospective studies are needed to better elucidate these
relationships.
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