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Introduction: Obesity is a risk factor for the development of type 2 diabetes (T2DM) as well as its associated metabolic
complications. Central obesity, characterized by an increased visceral fat area (VFA), is contributed to the development of T2DM.
However, the relationship between VFA and HbAlc is not particularly clear.

Methods: A total of 3173 patients with T2DM participated in the study at the Metabolic Management Center (MMC), with
anthropometric and biochemical measurements recorded. To examine the association between HbAlc and VFA, fitting curves were
plotted, facilitating a comprehensive observation of their relationship.

Results: HbAlc was inversely associated with VFA (f —1.79, 95% CI —2.34~—1.24, P < 0.001). The fitted curve shows that VFA
increased with the increase of HbAlc when it was less than 8.62%. When it was greater than 8.62%, VFA decreased as HbAlc
increased. Using linear inflection point analysis, we found that its inflection point interval falls within 8.36%~8.88%.

Conclusion: VFA was positively associated with HbAlc in individuals with T2DM. Furthermore, the relationship between the two
variables was an inverted U-shaped association.
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Introduction
Obesity, resulting from an imbalance in energy intake and expenditure, is a significant risk factor for type 2 diabetes
(T2DM) and related metabolic complications.! Globally, approximately 13% of adults experience obesity, characterized
by abnormal fat distribution, often presenting as abdominal obesity, specifically central adiposity, the most prevalent form
of obesity.>™* Central obesity, featuring an increased visceral fat area (VFA), is associated with oxidative stress and
insulin resistance, contributing to the development of T2DM.> Clinically, glycated hemoglobin (HbA1lc) levels serve as
diagnostic indicators for T2DM.®

Individuals with T2DM often demonstrate heightened levels of visceral adiposity. However, not all T2DM individuals
exhibit significantly elevated VFA, prompting uncertainty regarding the association between HbAlc and VFA. Elevated
HbAlc levels may unintentionally lead to weight loss.” Recent studies indicated that poorly controlled diabetes is often
associated with a higher body mass index (BMI) compared to well-controlled cases.®'® Nevertheless, in diabetes
complicated by pancreatic cancer,'' a decrease in BMI was observed alongside increasing HbAI¢ levels. It is important
to note that BMI does not accurately ascertain the presence of central obesity.'?

Given this premise, the study aimed to discern the relationship between VFA and HbAlc, with the goal of improving
T2DM management.
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Methods

Study Design and Participants

This retrospective study, conducted at the Metabolic Management Center (MMC) in People’s Hospital of Yuxi, Yunnan
Province, spanned from March 2018 to August 2022 and included 4054 patients. Exclusions encompassed individuals
without type 2 diabetes and those with incomplete data, resulting in a final cohort of 3173 patients for analysis (Figure 1).
Baseline information encompassed lifestyle, dietary habits, demographics, discharge medications, and a comprehensive
set of laboratory tests. Ethics approval was obtained from the Sixth Affiliated Hospital of Kunming Medical University
(No. 2023kmykdx6f24) and conformed with the Declaration of Helsinki. Patient confidentiality was maintained, and

informed consent was obtained from the ethics committee, with no collection of personal patient information.

Anthropometric and Biochemical Measurements
This study obtained anthropometric data on individuals’ body dimensions, including height, weight, waist circumference
(WC), hip circumference (HC), and VFA. Height and weight were measured using an intelligent ultrasonic height and
weight machine (HNH-318, OMRON, China), with patients dressed in light clothing and without shoes. BMI was
calculated by dividing weight (in kilograms) by the square of the height (in meters). WC was measured at the anterior
iliac crest, and HC at the point of maximum circumference using a nonelastic measuring tape.

This study collected biochemical indices, including HbAlc, total cholesterol (TC), triglycerides (TG), high-density
lipoprotein (HDL), and low-density lipoprotein (LDL), at the Sixth Affiliated Hospital of Kunming Medical University.

Baseline
(n=4054)
P  Excluding subjects without T2DM(n=20)
A 4
Patients with T2DM
(n=4034)
Excluding age < 18 (n=4)
Excluding missing data:
Height(n=10)
> WC(n=10)
VFA(n=56)
HBAIlc (n=569)
TC (n=212)
y
Final subjects
(n=3173)
VFA<100 VFAZ100
(n=2046) (n=1127)
Figure | Flowchart of the study population.
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Definitions of Visceral Obesity
This study collected VFA measurements, recorded in cm?, using the DUALSCAN device (HDS-2000, OMRON, China).
Visceral obesity was defined as a VFA area greater than or equal to 100 cm?2."?

Statistical Analysis

Participants were categorized based on VFA: less than 100 cm? or greater/equal to 100 cm? Normality of data was
assessed using the Shapiro—Wilk test. Descriptive statistics included mean + standard deviation (SD), medians with
interquartile ranges (IQR), or percentages. The t-test and Mann—Whitney U-test were applied for normally and non-
normally distributed data, respectively. The chi-squared test was used for categorical variables. Univariate linear
regression analysis explored trends between VFA and other variables. A fitting curve illustrated the relationship between
HbA 1c levels and VFA. Subgroup analyses were performed, stratifying by gender, BMI, and VFA to verify relationships
between HbAlc levels and VFA measurements. P < 0.05 was significant. All the analyses were performed with the
statistical software packages R (http://www.R-project.org, The R Foundation) and Free Statistics software version 1.7.

Results

Baseline Characteristics

In this study of 3173 patients, with a male-to-female ratio of 63.3% to 36.7%, with a mean age of 55.9 & 11.2 years, 2046 had
normal VFA and 1127 had visceral obesity. Patients with visceral obesity exhibited significantly higher age, BMI, WC, HC, TC,
HDL, and TG levels compared to those with normal VFA (P < 0.05). Interestingly, HbAlc levels were lower in patients with
visceral obesity (mean + SD: 9.2 + 2.0) than in normal patients (mean + SD: 9.6 + 2.6) (P < 0.05) (Table 1).

Main Outcomes

In the univariate linear regression analysis with VFA as the dependent variable, we calculated B values along with 95%
confidence intervals. HbAlc was independently associated with a decreased risk for VFA (B: —1.79; 95% CI: —2.34 to
—1.24; P < 0.001) (Table 2). The fitting curve indicates that for HbAlc levels below 8.62%, VFA increased with HbAlc.
Conversely, when HbAlc levels were exceeded 8.62%, higher HbAlc levels were linked to smaller VFA. Linear
inflection point analysis identified the inflection point for HbAlc between 8.36% and 8.88% (Figure 2).

Table | Baseline Characteristics of Study Participants

Variables Total VFA<100cm? VFAZ 100cm? P value
(n =3173) (n = 2046) (n=1127)
Gender, n (%) < 0.001
Female 1166 (36.7) 859 (42) 307 (27.2)
Male 2007 (63.3) 1187 (58) 820 (72.8)
Age (years) 559 + 1.2 56.0 + I1.1 557 + 114 0.406
Height (cm) 162.8 + 8.4 161.8 + 83 164.6 + 82 < 0.001
Weight (kg) 674+ 118 62.6 + 9.4 76.1 £ 10.6 < 0.001
BMI (kg/m?) 254 + 35 239 +27 28.1 + 3.0 < 0.001
WC (cm) 88.7 + 9.1 845+ 73 962 + 6.9 <0.001
HC (cm) 95.6 + 7.2 932 + 6.0 100.1 + 6.9 <0.001
HBAIc % 9.5+ 24 9.6+ 26 92420 <0.001
TC (mmol/L) 44 % 1.1 44+ 1.1 45+ 12 0.012
HDL (mmol/L) I.1 £0.3 I.1 £0.3 1.0 £0.3 <0.001
LDL (mmol/L) 25409 2.5+ 09 25409 0.689
TG (mmoliL) 1.8 (1.3,2.9) 1.6 (1.1, 2.5) 2.2 (1.6, 3.4) < 0.00|

Abbreviations: VFA, visceral fat area; BMI, body mass index; WC, waist circumference; HC, hip circumstance;

TC, total cholesterol; HDL, high density lipoprotein; LDL, low-density lipoprotein; TG, triglycerides.
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Table 2 Univariate Linear Regression Analysis for VFA

Variable Coeff. (95% CI) P value
Gender:

Female Ref.

Male 11.65 (8.94, 14.36) < 0.001
Age (years) —0.06 (—0.17, 0.06) 0.36
BMI (kg/m?) 8.28 (8.03, 8.53) < 0.001
WC (cm) 3.25 (3.16, 3.34) < 0.001
HC (cm) 3.18 (3.03, 3.33) < 0.001
HBAIlc % —1.79 (-2.34, —1.24) < 0.001
TC (mmol/L) 1.84 (0.66, 3.01) 0.002
TG (mmol/L) 2.96 (2.44, 3.48) < 0.001
HDL (mmol/L) —36.03 (—40.5, —31.55) < 0.001
LDL (mmol/L) —0.63 (—2.14, 0.88) 0416

Abbreviations: VFA, visceral fat area; BMI, body mass index; WC, waist

circumference; HC, hip circumstance; TC, total cholesterol; TG, triglycer-

ides; HDL, high density lipoprotein; LDL, low-density lipoprotein.
Subgroup Analysis
To examine the relationship association between HbAlc and visceral obesity, patients were categorized based on BMI
and VFA levels: underweight (BMI < 18.5 kg/m?), normal weight (BMI 18.5-24.9 kg/m?), or overweight (BMI > 25 kg/

m?), following an established classification system.'* VFA was grouped if it was less than 100 cm?. Subgroup analyses

P for non-linearity: <0.001

120

100

VFA

80 —

60

40

HBA1c

Figure 2 Univariate linear regression analysis for VFA and HBAIc.
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Subgroup Variable n Coefficient (95%Cl) P for interaction
Gender 0.01
Female HBA1c 1166 -0.97 (-1.84~-0.1) —e—

Male HBA1c 2007 -2.47 (-317~-1.77) —@—

BMI (kg/m2) 0.544
<185 HBA1c 48 -1.31(-2.89~0.28) I O |

18.5-25 HBA1c 1474 -1.23 (-1.76~-0.69) —e—

>=25 HBA1c 1651 -0.73 (-1.47~0.02) ——

VFA (cm2) <0.001
<100 HBA1c 2046 -1.05 (-1.44~-0.67) =

>=100 HBA1c 1127  0.46 (-0.28~1.21) ——

| I | | I | | I |

-3-25-2-15-1-050 05 1
Effect(95%Cl)

Figure 3 The association of subgroups and their association with HBAIc.

revealed a significant correlation between VFA and HbAlc (P < 0.001), whereas BMI did not exhibit a significant
association with HbAlc (P=0.183) (Figure 3).

Discussion

Through analyzing 3173 diabetic patients, including 2046 with normal VFA and 1127 with visceral obesity, we
discovered that patients with visceral obesity exhibited lower HbAlc levels levels than their normal VFA counterparts.
Notably, an inverted U-shaped relationship was identified between HbAlc levels and VFA, with the inflection point
ranging between 8.36% and 8.88%.

HbA Ic, reflecting the average glucose concentration over 2—3 months, thus providing a long-term indicator of glucose
homeostasis.® Utilizing HbAlc as a primary diagnostic tool for type 2 diabetes mellitus has the potential to improve
diagnostic efficiency and mitigate the incidence of related complications.'> A study involving 212 nondiabetic indivi-
duals from Japan'® established a significant positive correlation between BMI and HbAlc. Similarly, another study'’
reported a significantly positive correlation between BMI and HbAlc from 2012 to 2019. However, it’s important to
acknowledge that obesity is not comprehensively captured by BMI. In comparison, central obesity demonstrates
a stronger association with metabolic diseases. In the context of central obesity, previous research has underscored the
complementary role of HbAlc tests in identifying high risk for diabetes.

HbA Ic has been recognized for its close association with the chronic complications of diabetes.'® 2! The relationship
between HbAlc and central obesity has garnered substantial interest, with the prevailing notion suggesting a positive
correlation between poorly controlled diabetes and higher body fat percentage, particularly within the visceral fat area.
Surprisingly, our research indicates a reduction in visceral fat area when HbAlc levels exceed 8.63. However, the precise
mechanisms underlying this relationship between central obesity and HbA lc remain elusive. A recent study®* proposes
that up to 75% of diabetic patients may experience varying degrees of gastrointestinal symptoms, potentially contributing
to the decline in visceral fat area among diabetic patients. Furthermore, complications, such as malignant diseases or
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precancerous conditions can lead to weight loss in diabetics. Further research is essential to elucidate the specific
mechanisms governing the relationship between visceral fat area and HbAlc.

An advantage of this study lies in the identification an inverted U-shaped relationship between VFA and HbAlc. In
addition, we explored the correlation involving sex, BMI, and central obesity. Notably, metabolic factors such as blood
lipid did not exhibit an impact on VFA and HbAlc levels. The association observed, wherein HbAlc levels increased
while VFA decreased, signifies inadequate control of diabetic patients. Hence, a comprehensive assessment incorporating
both VFA and HbAlc levels can effectively determine the condition of diabetic patients.

However, there are some limitations in this study. Firstly, this is a retrospective study from a single center where all
participants had a definite diagnosis of T2DM, and the association between VFA and HbAlc in people without T2DM is
not clear. Secondly, we did not obtain other diagnostic information, especially whether the patients had other comorbid-
ities. Therefore, it is unclear whether the decrease in VFA caused complications or if HbAlc levels were not determined.
Finally, we were unable to analyze the data using Cox regression analysis to obtain the hazard ratio since we did not
follow up with these patients to determine the specific changes in their VFA and HbAlc over time.

Conclusion

In summary, our study showed that VFA was independently and significantly associated with HbAlc in patients with
T2DM. Additionally, an inverted U-shaped relationship was observed between VFA and HbA ¢, with the inflection point
ranging from 8.36% to 8.88%.
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