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HbA1c—Based Structural Equation Model for Diabetes Risk
Prediction in Employed Adults

Hyekyung Seo’
The College of Biotechnology and Health, Shinhan University

ABSTRACT

Objectives: Occupational factors contribute to diabetes risk through biological and behavioral pathways related to
work schedules, job characteristics, and labor intensity. This study aimed to develop an HbA1c—centered diabetes
prediction model using structural equation modeling (SEM) and then elucidate pathways through which
occupational factors influence diabetes risk via lifestyle behaviors and obesity-related indicators.

Methods: Data were obtained from the 9th Korea National Health and Nutrition Examination Survey (KNHANES,
2022-2024). It features 20,191 participants, of whom 8,829 adults were included in the final analysis. This
cross—sectional study applied SEM to evaluate factors associated with glycemic indicators while controlling for
confounders. Direct and indirect pathways linking demographic characteristics, lifestyle behaviors, metabolic
indicators, and occupational factors to body mass index (BMI), systolic blood pressure, glycated hemoglobin
(HbA1c), and fasting blood glucose were examined.

Results: Distinct pathway structures were identified for HbA1c and fasting blood glucose. HbA1c was mainly
influenced by chronic metabolic pathways mediated by BMI, whereas fasting glucose showed stronger direct
associations with systolic blood pressure and lifestyle-related factors. Weekly work hours were significantly
associated with BMI and showed a small but significant direct association with HbA1c, whereas the direct path
to fasting glucose was not significant. In adjusted complex—sample logistic regression models, weekly work hours
were not independently associated with diabetes, suggesting that the overall association may be largely explained
by obesity-mediated and other covariate-related pathways.

Conclusions: This study suggests that HoA1c may more stably reflect the cumulative metabolic effects of chronic
occupational exposures than does fasting glucose. These findings support the use of HoAlc as a key biomarker
for assessing occupation—related diabetes risk and highlight obesity—mediated pathways as targets for
occupational health-based diabetes prevention strategies.
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1. A AXKStudy population)

2 A= 2022-20249 A97] KNHANES izt
% 20,1919 o2 oith(Figure 1). BF 194
ok = JAR Qed g3}, TEAIZE 8AIZE vt

8,955 male (44.4%)
11,236 female (55.6%)

20,191 Total participants in *KNHANES 2022 —

2024

2,982 excluded if age <19, pregnant

154 excluded if treated with insulin

468 excluded if fasting time < 8 hours

581 excluded if HbAlc, fasting glucose missing

654 excluded if BMI, waist circumference missing

1,126 excluded if smoking, alcohol consumption,
income, education, occupational status missing

5,201 excluded if occupational classification or weekly
working hours were non-applicable or unknown

11,362 excluded from the analysis

I

196 excluded if blood pressure, laboratory data **
(chemical, CBC) missing

4,360 male (49.4%)
4,469 female (50.6%)

8,829 Extracted, excluding participants with insufficient data

* Korean National Health and Nutrition Survey

** cholesterol, HDL-cholesterol, TG, LDL-cholesterol, AST(SGOT), ALT(SGPT), hemoglobin, Hematocrit, BUN,

Creatinine(blood), WBC, RBC, PLT

Figure 1. Flowchart of the selection of the study populations
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Figure 2. Directed acyclic graph(DAG) for variable selection
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Table 1. General characteristics of subjects (n=8,829)

Classification

Total (%)

Male (%) Female (%) p-value
Sex, n (%)

Male 4360 (49.4) - - -
Female 4469 (50.6) - - -
Age (yr) 50.11+0.16 50.44+0.23 49.78 +0.23 0.045*%
BMI (kg/m?) 24.29+0.04 25.090.05 23.50 +0.06 (0.001*
Household income, n (%) {0.001*

Low 883 (10.0) 327 (7.5) 556 (12.4)

Middle—low 2009 (22.8) 944 (21.7) 1065 (23.8)

Middle-high 2757 (31.2) 1406 (32.2) 1351 (30.2)

High 3180 (36.0) 1683 (38.6) 1497 (33.5)
Education level, n (%) {0.001*

Elementary school or lower 966 (10.9) 344 (7.9) 622 (13.9)

Middle school 727 (8.2) 357 (8.2) 370 (8.3)

High school 2935 (33.2) 1439 (33.0) 1496 (33.5)

College or higher 4201 (47.6) 2220 (50.9) 1981 (44.3)
Occupational classification, n (%) {0.001*

Managers 167 (1.9) 138 (3.2) 29 (0.6)

Professionals 2023 (22.9) 955 (21.9) 1068 (23.9)

Clerks 1519 (17.2) 696 (16) 823 (18.4)

Service workers 1195 (13.5) 294 (6.7) 901 (20.2)

Sales workers 717 (8.1) 322 (7.4) 395 (8.8)

Agriculture workers 486 (5.5) 304 (7) 182 (4.1)

Craft/related trades 627 (7.1) 501 (11.5) 126 (2.8)

Machine operators 705 (8.0) 615 (14.1) 90 (2.0)

Elementary workers 1379 (15.6) 525 (12) 854 (19.1)

Military 11 (0.1) 10 (0.2) 1 (0.0)
Work hours, n (%) {0.001*

<40 h/w 3930 (44.5) 1461 (33.5) 2469 (55.2)

40-52 h/w 3844 (43.5) 2219 (50.9) 1625 (36.4)

>52 h/w 1055 (11.9) 680 (15.6) 375 (8.4)
Alcohol status, n (%) {0.001*

Non-drinking 1895 (21.5) 660 (15.1) 1235 (27.6)

<1 time/mo 1746 (19.8) 648 (14.9) 1098 (24.6)

Y1 time/mo 5188 (58.8) 3052 (70.0) 2136 (47.8)
Smoking status, n (%) {0.001*

Never 5219 (59.1) 1240 (28.4) 3979 (89.0)

Former 2082 (23.6) 1808 (41.5) 274 (6.1)

Current 1528 (17.3) 1312 (30.1) 216 (4.8)
Systolic blood pressure (mmHg) 118.62+0.16 121.77+0.21 115.54+0.23 <0.001*
Diastolic blood pressure (mmHg) 75.04+0.10 77.47+0.15 72.67+0.14 <0.001*
HbAlc (%) 5.58+0.01 5.6440.01 5.52+0.01 <0.001*
Fasting blood glucose (mg/dL) 100.19+0.22 103.49+0.33 96.97+0.26 <0.001*
Total cholesterol (mg/dL) 189.33+0.42 187.72+0.61 190.90+0.57 {0.001*
Triglycerides (mg/dL) 127.36+1.04 151.47+1.82 103.84+0.91 <0.001*
HDL cholesterol (mg/dL) 57.5610.17 51.8810.20 63.10£0.23 <0.001*
LDL cholesterol (mg/dL) 116.24+0.39 116.71+0.56 115.780.53 0.231
AST (U/L) 23.00+0.17 24.850.22 21.20+0.26 <0.001*
ALT (U/L) 22.95+0.23 27.69+0.32 18.32£0.32 <0.001*
Hemoglobin (g/dL) 13.97+0.02 14.97+0.02 13.00£0.02 <0.001*
Hematocrit (%) 42.21+0.04 44 .80+0.05 39.69+0.04 {0.001*
White blood cell (Thous/ulL) 6.11£0.02 6.46+0.03 5.77+0.02 <0.001*
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Table 1. General characteristics of subjects (n=8,829) Continued
Classification

Total (%) Male (%) Female (%) p-value
Red blood cell (Mil/uL) 4.62+0.01 4.90+0.01 4.34+0.01 <0.001*
Platelet (Thous/uL) 261.86%0.65 255.06x0.90 268.50£0.94 <0.001*
Blood urea nitrogen (mg/dL) 14.14£0.04 14.75+0.06 13.54+0.06 <0.001*
Creatinine (mg/dL) 0.81+0.00 0.93+0.00 0.69+0.00 {0.001*

Values are presented as mean 1S.E. or n (%). p-values were obtained using Rao-Scott x*tests for categorical variables
and complex samples general linear models for continuous variables; *X0.05;

Work hours were categorized as <40, 40-52, and »52 h/week. Participants with non-applicable or unknown occupational
classification or weekly working hours were excluded from the analysis.

o 27 vehge. o B% folat 7 .
Fuagols ot NS DelorH=0.084
€0.001), BeEAA] i3t X Hax
SATHB=0.016, p=0.155). ol HIRET} 47 g

2) MK 3 H 07 B2
AAFA S $27189(8=0.273, p<0.001), B+

el

AA(B=0.164, p<0.00D)2} FEZFH(B=0.137, p<0.001) T AXE EFof| ZF Z-Esl= HH w7l HEAS
Table 2. Standardized direct effects in the structural path model
Predictor Outcome B pvalue
Sex Body mass index -0.145 <0.001*
Systolic BP -0.146 <0.001*
HbAlc -0.004 0.765
Fasting glucose -0.052 <0.001*
Age Body mass index 0.023 0.024*
Systolic BP 0.366 <0.001*
HbAlc 0.316 <0.001*
Fasting glucose 0.234 <0.001*
Body mass index Systolic BP 0.273 0.001*
HbA1c 0.164 <0.001*
Fasting glucose 0.137 <0.001*
Systolic BP HbA1c 0.016 0.155
Fasting glucose 0.084 <0.001*
Education level HbA1c -0.028 0.027*
Fasting glucose 0.002 0.854
Household income HbAlc 0.01 0.363
Fasting glucose 0.017 0.125
Smoking status Systolic BP -0.019 0.131
HbAlc 0.043 <0.001*
Fasting glucose 0.026 0.032*
Drinking status Systolic BP 0.031 0.002*
HbA1c -0.047 <0.001*
Fasting glucose 0.025 0.017*%
Weekly work hours Body mass index 0.043 0.001*
Systolic BP -0.028 0.004*
HbA1c 0.022 0.033*
Fasting glucose 0.01 0.346
Triglycerides Body mass index 0.227 0.001*
HbAlc 0.096 <0.001*
Fasting glucose 0.141 <0.001*

Values are presented as standardized regression weights (8) estimated from the structural equation model. BP, blood
pressure; HbAlc, glycated hemoglobin.*p<0.05.
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Figure 3. Structural path model of HbA1c and fasting blood glucose accounting for confounding and mediating variables
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Table 3. Comparison of outcome variables by categories of work hours

Ll (I\ﬁegg Z’E”E) (:\1/'%65”2 ih/SVI\E/) mﬁeiﬁ z/gE) prvalue®
HbAlc (%) 5.65 + 0.02 5.54 + 0.02 5.58 + 0.02 0.288
Fasting glucose (mg/dL) 99.08 + 0.45 98.70 + 0.46 98.22 + 0.67 0.500
BMI (kg/m?) 24.29 + 0.10 2456 + 0.10 2485 + 0.16 ¢ 0.001*

Values are presented as adjusted estimated marginal means * standard errors from the complex samples general linear
model. Models were adjusted for age, sex, household income, education level, smoking status, drinking status, and
triglycerides; BMI was excluded from adjustment in the BMI model. p-values represent the overall group differences
across weekly working hour categories in the complex samples general linear model.

Table 4. Odds ratios (95% Cl) for diabetes by weekly working hours

Variables { 40 h/w [O4Fc§) (325(;: / \(/;v|)] [Olé 5(35&{ Vé|)] p-value*
Model 1 Reference 0.81 (0.70-0.94) 1.08 (0.86-1.35) 0.004*
Model 2 Reference 1.03 (0.87-1.22) 1.03 (0.80-1.31) 0.955
Model 3 Reference 1.01 (0.84-1.20) 0.93 (0.72-1.21) 0.823

Values are presented as odds ratios (ORs) and 95% confidence intervals (Cls) estimated using complex samples logistic
regression. Model 1 was unadjusted. Model 2 was adjusted for age, sex, household income, and education level. Model
3 was additionally adjusted for smoking status, drinking status, triglycerides, and BMI. p-values were obtained from the
overall effect of weekly working hours in the complex samples logistic regression model.
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Table 5. Goodness—of—fit indices for the structural path model

Index

Default model value

x*(df)

x%/df

Normed fit index (NFI)

Tucker-Lewis index (TLI)

Comparative fit index (CFI)

Root mean square error of approximation (RMSEA)
Expected cross-validation index (ECVI)

Hoelter critical N (@=0.05)

269.23 (df=7), {0.001
38.462

0.990

0.908

0.990

0.065

0.047

462
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