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Abstract

Background: Obesity is a public health problem in the world, which 
can lead to several risks of cardiovascular events, such as, diabetes 
mellitus type 2 and respiratory disorders. This study aimed to ana-
lyze the obesity measurements index and hemoglobin A1c (HbA1c) 
in young adults without diabetes.

Methods: A cross-sectional study was conducted from February to 
March 2021 at the Hasanuddin University Hospital, Makassar, Indo-
nesia. Ninety-nine subjects were included in this study. Obesity meas-
urement index (body mass index (BMI), waist circumference, body 
fat percentage) and HbA1c level were measured for each subject. Sta-
tistical tests were performed using SPSS 22.0.

Results: There was a significant correlation between BMI and HbA1c 
(P < 0.001). Also, waist circumference and body fat percentage in 
women group were significantly correlated with HbA1c (P = 0.002 and 
0.045, respectively).

Conclusions: Obesity measurement index is positively correlated 
with HbA1c levels in young adult without diabetes. So, the obesity 
measurement index can be used to determine the risk of diabetes 
mellitus
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Introduction

Obesity is defined as excess fat or adipose tissue in the body 
[1]; and it is influenced by genetic, gender, environmental, so-
cioeconomic, psychological, disease and drug factors [2-5]. 
Obesity is a major risk factor for diabetes mellitus because 
obese subjects have insulin resistance, dyslipidemia, increased 
proinflammatory cytokines, and increased oxidative stress [5-
8]. The diagnosis of obesity can be made by various methods 
of anthropometric measurements of the body that can be used 
as obesity screening. These methods include measuring body 
mass index (BMI), waist circumference (WC), hip circumfer-
ence, upper arm circumference, and the ratio of WC to hip cir-
cumference. In addition to anthropometry, body fat percentage 
can also be measured using bioelectrical impedance analysis 
(BIA), which are noninvasive, relatively inexpensive, and can 
be applied in population studies [1].

Hemoglobin A1c (HbA1c) is a chemically glycosylated 
form of hemoglobin; therefore, an increase in HbA1c levels will 
give an idea of the average blood glucose level over the last 3 
months [9]. The American Diabetes Association (ADA) recom-
mends that HbA1c levels > 6.5% (> 48 mmol/mol) to define type 
2 diabetes mellitus, whereas HbA1c levels between 5.7% and 
6.4% indicate a high risk of developing diabetes mellitus [10].

Obesity can affect the HbA1c level. Skogberg et al showed 
that there was a significant relationship between anthropomet-
ric measurements and HbA1c [11]. Martins et al [12] found 
a significant relationship between HbA1c and WC, where 
HbA1c levels were higher in the obese group. Bower et al 
showed significant patient scores, who have a high proportion 
of body fat with HbA1c [13].

We have added patient scores at the end of the introduc-
tion. Our research consisted of 99 subjects who were students 
in specialist programs at the Hasanudin University Hospital. 
An obesity measurement index consisting of BMI, WC, and 
body fat percentage was assessed for each subject, which was 
then interpreted based on World Health Organization (WHO) 
guidelines. HbA1c was also assessed for each subject and in-
terpreted according to the ADA guidelines; then, it was ana-
lyzed between the obesity measurement index and HbA1c. 
The results of this study are expected to prove that the meas-
urement of the obesity index can describe HbA1c so that it can 
assess risk and diagnose diabetes early.
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Materials and Methods

Study design

A single-center cross-sectional observational study was per-
formed at the Hasanuddin University Hospital, Makassar, In-
donesia from February to March 2021.

Study population

The subjects of the study were the students of specialist pro-
gram in the Hasanuddin University Hospital, Makassar. The 
inclusion criteria were men and women, aged 20 - 40 years, 
do not have a history of taking corticosteroid drugs for a long 
time, and willing to be a research sample. Students who had 
previously been diagnosed with type 1 or type 2 diabetes mel-
litus based on history and previous medication history, or who 
were receiving treatment for diabetes mellitus and refused to 
participate in the study, were excluded from the study.

Data collection

Samples were taken by consecutive sampling. Based on 
Slovin’s formula, the minimum number of samples is 89 sam-
ples. The data collected include primary data consisting of 
name, date of birth, medical history, weight, height, WC, BMI, 
and body fat percentage using BIA; and blood sampling was 
carried out by the Prodia Laboratory, Makassar.

Definition of measurement

According to WHO guidelines, underweight is defined by BMI 
< 18.5; normal weight is defined by BMI 18.5 - 24.9; preobesity 
is defined by BMI 25.0 - 29.9; obesity grade I is defined by BMI 
30.0 - 34.9; obesity grade II is defined by BMI > 40 [14]. With in-
terpretation of WC results based on WHO, in men, central obesity 
is defined by a WC measurement of more than 90; and in women, 
obesity is defined by a WC measurement of more than 80 [15]. 
BIA was used to measure body fat percentage. With interpretation 
of body fat percentage results based on WHO, in men, obesity is 
defined by a body fat percentage of more than 25%; in women, 

obesity is defined by a body fat percentage measurement of more 
than 35% [16]. According to ADA guidelines, HbA1c levels are 
categorized as follows: HbA1c normal is 5.7%, HbA1c prediabe-
tes is 5.7% - 6.4%, and HbA1c diabetes is > 6.5% [10].

Data analysis

Data analysis was performed using SPSS version 22 (SPSS Inc., 
Chicago, IL, USA). The statistical tests used were Kruskal-Wal-
lis test, Mann-Whitney test, and the Spearman test. The results 
were considered significant if the P value was < 0.05.

Ethical clearance

This study was conducted in compliance with the ethical 
standards of the responsible institution on human subjects. 
This study protocol has been approved by the Health Research 
Ethics Commission of Faculty of Medicine, Hasanuddin Uni-
versity, following the ethical recommendations with approval 
letter number: 91/UN4.6.4.5.31/PP36/2021.

Results

A total of 99 subjects were included in this research. The basic 
characteristics are shown in Table 1. The mean WC in men was 
97.76 ± 10.03 while in women was 86.87 ± 11.27. The mean BMI 
were 26.56 ± 4.77. The body fat percentage measured using BIA 
in men was on average 28.67 ± 5.91, while in women was 38.96 
± 6.15. For all subjects, HbA1c levels ranged from 4.5% to 6.4%.

In Table 2, HbA1c was higher in the group with over-

Table 1.  Subject Characteristics

Characteristics Men (n = 49) Women (n = 50) Total (n = 99)
Age (years), mean ± SD 31.24 ± 2.89 30.90 ± 3.14 31.07 ± 3.01
WC (cm), mean ± SD 97.76 ± 10.03 86.87 ± 11.27 92.26 ± 11.94
BMI (kg/m2), mean ± SD 27.70 ± 3.59 25.44 ± 5.51 26.56 ± 4.77
BFP (%), mean ± SD 28.67 ± 5.91 38.96 ± 6.15 34.71 ± 7.40
HbA1c (%), mean ± SD 5.38 ± 0.36 5.24 ± 0.32 5.31 ± 0.34
FBG (mg/dL), mean ± SD 88.02 ± 7.56 88.88 ± 7.89 88.45 ± 7.70

WC: waist circumference; BMI: body mass index; BFP: body fat percentages; HbA1c: hemoglobin A1c; FBG: fasting blood glucose; SD: standard deviation.

Table 2.  Relationship Between HbA1c Levels With BMI Meas-
urements

BMI N HbA1c (%) P
Normal, median (Min - Max) 16 5.0 (4.5 - 5.8) < 0.001
Overweight, median (Min - Max) 25 5.4 (5.0 - 5.8)
Obese I, median (Min - Max) 40 5.3 (4.6 - 6.4)
Obese II, median (Min - Max) 18 5.55 (4.8 - 5.9)

HbA1c: hemoglobin A1c; BMI: body mass index; Min: minimum; Max: 
maximum.
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weight BMI (P < 0.001), obesity I (P = 0.001), obesity II (P 
< 0.001) compared to the group with normal BMI. In Table 3, 
HbA1c was higher in the WC group with central obesity than 
in the non-central obesity group in women (P = 0.002). In the 
body fat percentages group with obesity results had a higher 
HbA1c than the non-obesity group in women (P = 0.045).

There is a positive correlation with a strong correlation 
strength between WC in women with HbA1c (P < 0.000) (Fig. 
1). There is also a positive relationship between HbA1C levels 
and BMI (P < 0.000) with a weak correlation strength (Fig. 
2). There is a positive correlation with moderate correlation 
strength between the percentage of body fat using BIA in 
women with HbA1c levels (P = 0.006) (Fig. 3).

Discussion

Our study which included 99 subjects, the mean WC of men 
was greater than women. In line with the study of Csongova et 

al (2018), the mean WC in men (90.8 ± 13.0) was greater than 
women (79.9 ± 13.3) [17]. In addition, the mean BMI of women 
group (25.5 kg/m2) was lower than that of men (27.7 kg/m2). 
In line with the study of Zhang et al (2013), the mean BMI of 
women is lower than men, with a mean BMI of 23.1 for women, 
and 23.3 for men. This happens because women generally pay 
more attention to their weight, body shape, and diet than men, 
where women are more likely to go on a diet, vomiting, or ex-
ercise for weight loss [18]. The percentage of body fat in the 
study results was found to be higher in women than men (28.67 
± 5.91 vs. 38.96 ± 6.15). Steven et al (2009) showed men had 
greater muscle mass, bigger and stronger bones, and reduced leg 
fat. Women have a more peripheral distribution of fat in early 
adulthood. The sex differences in body composition are mainly 
due to the action of steroid sex hormones, which promote di-
morphism during pubertal development [19].

Our study also showed a HbA1c level has a positive corre-
lation with obesity measurements, namely WC, BMI, and body 
fat percentage as measured using BIA. HbA1c levels were 

Table 3.  Relationship Between Waist Circumference and Body Fat Percentage and HbA1c in Women and Men Groups

Group Parameter N HbA1c (%) P
Men Waist circumference, median (Min - Max)

  Central obesity 40 5.4 (4.6 - 6.4) 0.122
  Non-central obesity 9 5.1 (4.9 - 5.9)
Body fat percentage
  Obesity 37 5.3 (4.6 - 6.4) 0.743
  Non-obesity 12 5.45 (4.6 - 5.8)

Women Waist circumference, median (Min - Max)
  Central obesity 37 5.3 (4.8 - 5.9) 0.002
  Non-central obesity 13 5.0 (4.5 - 5.6)
Body fat percentage, median (Min - Max)
  Obesity 35 5.3 (4.5 - 5.9) 0.045
  Non-obesity 15 5.2 (4.6 - 5.5)

HbA1c: hemoglobin A1c; Min: minimum; Max: maximum.

Figure 1. Correlation of body mass index (BMI) with HbA1c levels. HbA1c: hemoglobin A1c.
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significantly higher in the centrally obese group compared to 
non-central obesity in women. This study is in line with the 
research conducted by Jekal et al (2010), which showed that 
women with large WCs had higher HbA1c levels compared 
to women with normal WCs [12, 20]. This is known because 
in men, WC is caused by an increase in muscle mass, while in 
women it is due to fat accumulation. In addition, in women at 
premenopausal age under the influence of the hormone estro-
gen, it causes an increase in subcutaneous fat while in men an 
increase in visceral fat [21].

Our study also showed that there was a significant rela-
tionship between HbA1c levels in the obese group compared 
to the non-obese group based on the measurement of the pro-
portion of body fat in women. In line with the research of 
Bower et al (2017), there is a significant value in subjects who 
have a high proportion of body fat with HbA1c. Several fac-
tors influenced this research, such as ethnicity, age, and envi-
ronment [13].

In addition, HbA1c levels increased in line with BMI. In 
accordance with the research of Babikr et al (2016), there is a 
significant relationship between HbA1c and BMI. Obesity has 
a strong relationship with insulin resistance and diabetes [22]. 

Obesity causes impaired adipose tissue function, inducing im-
paired secretion of adipokines into the circulation. Excess fat 
cells in the long term will cause fat cells to become resistant 
to the antilipolytic effects of insulin and result in an increase 
in the process of lipolysis and free fatty acids in plasma. Free 
fatty acids will increase gluconeogenesis resistance and then 
trigger insulin in the liver and muscles, as well as interfere 
with insulin secretion and obesity, increase the secretion of 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) pro-
duced by adipocytes and monocyte derivatives, which leads 
to more insulin resistance, resulting in high circulating blood 
glucose and eventually the development of the macrophage 
condition that we call diabetes mellitus [23, 24].

Conclusions

Obesity measurement index has a positive correlation with 
HbA1c levels in young adult without diabetes mellitus history. 
It seems that obesity measurement index can be used as an 
indicator of the risk of diabetes mellitus, so that it can carry 
out early prevention.

Figure 2. Correlation of waist circumference with HbA1c levels in women group. HbA1c: hemoglobin A1c.

Figure 3. Correlation of body fat percentage with HbA1c levels in women group. HbA1c: hemoglobin A1c.
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