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Abstract

Background Recently, International Diabetes Federation position statement has adopted one-hour post-load
glucose (1hPG) = 8.6 mmol/L for diagnosing intermediate hyperglycemia. We aimed to assess the association
of ThPG > 8.6 mmol/L with metabolic syndrome (MetS) and its components, as well as interaction between sex
and ThPG >8.6 mmol/L on MetS and its components in Chinese people at high risk of diabetes.

Methods The cross-sectional study was conducted in DaQing city of HeiLongJiang Province, China between August,
2023 and January, 2024. Eligible individuals with fasting glucose of 5.6-6.9 mmol/L and age of 25-55 years in health
checkup data in the year of 2023 or with at least one risk factor of diabetes were invited to receive the oral glucose
tolerance test and biochemical examinations. Individuals with self-reported presence of diabetes or usage of glu-
cose-lowering medication were excluded. MetS was defined as presence of at least three of the five components
according to the Chinese Diabetes Society criteria. Logistic regression was performed to evaluate the association

of ThPG = 8.6 mmol/L with MetS and its components. Additive interaction was estimated using the relative excess risk
due to interaction, attributable proportion due to interaction (AP), and synergy index.

Results A total of 2419 subjects comprising 1465 men (60.6%) with a mean age of 45.77 +6.20 years were included,
and the prevalence of MetS was 46.8%, with 59.7% in men and 27.1% in women. ThPG > 8.6 mmol/L was associ-

ated with MetS (aOR=4.40, 95% Cl 3.26-6.01), elevated blood pressure (aOR=1.46, 95% C/ 1.13-1.89), hyperglyce-
mia (@OR=15.46,95% C/ 11.56-20.98), and reduced HDL-C (aOR=1.51,95% C/ 1.07-2.15) in the overall population,
whereas no significant association between 1hPG > 8.6 mmol/L and elevated blood pressure in men (aOR=1.36, 95%
C10.97-1.91) or dyslipidemia in women (elevated TG: aOR=0.81, 95% C/ 0.47-1.39; reduced HDL-C: aOR=1.08, 95% (I
0.49-2.37). Additive interaction effect between sex and ThPG>8.6 mmol/L on MetS was observed, with 31% attrib-
uted to the interaction effect between men and 1hPG > 8.6 mmol/L (AP=0.31, 95% C/ 0.06-0.49).

Conclusions There was an additive interaction effect between sex and ThPG on MetS among Chinese people at high
risk of diabetes. ThPG test and sex-specific strategies should be taken into consideration in cardiometabolic disorder
identification and management.
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Background

Metabolic syndrome (MetS) encompasses a cluster
of cardiometabolic risk factors, including abdominal
obesity, elevated blood pressure (BP), hyperglycemia,
elevated triglyceride (TG), and reduced high-density
lipoprotein-cholesterol (HDL-C) [1]. These cardiometa-
bolic risk factors, also refer to as MetS components, are
common risk factors for diabetes and cardiovascular
diseases [2, 3]. As a result of population aging, industri-
alization, and unhealthy lifestyles, the prevalence of MetS
has increased globally [3, 4]. In China, the prevalence of
MetS increased from 13.7% in 2000-2001[5] to 31.1%
in 2015-2017[6] according to The Adult Treatment
Panel III of the National Cholesterol Education Program
(NCEP-ATP III) criteria. Thus, it is worthwhile to iden-
tify valuable risk factors for MetS to achieve early identi-
fication, management of MetS and prevention of adverse
outcomes related to MetS.

Traditionally, fasting plasma glucose (FPG), and two-
hour post-load glucose (2hPG) are commonly used to
identify cardiometabolic risk, of which post-load hyper-
glycemia has a stronger association with incident dia-
betes or cardiovascular outcomes and mortality [7, 8].
Notably, there is heterogeneity of cardiometabolic risk
in subjects with normal FPG and 2hPG, while one-hour
post-load glucose (1hPG) could be a valuable indicator
for identifying populations with increased cardiometa-
bolic risk among individuals with normoglycemia. Pre-
vious studies have demonstrated that individuals with
elevated 1hPG had more severe insulin resistance [9],
which also plays a significant role in the pathophysiology
of MetS [10]. Recently, International Diabetes Federation
position statement has adopted 1hPG >8.6 mmol/L for
diagnosing intermediate hyperglycemia [11]. In addition,
the higher waist circumference (WC), body mass index
(BMI), BP, serum uric acid (SUA), liver enzymes, and
decreased estimated glomerular filtration rate (eGFR),
as well as worse lipid profile, were observed in individu-
als with normoglycemia but 1hPG>8.6 mmol/L [11-14].
Therefore, 1ThPG could be potentially associated with
MetS.

Previous studies explored the association between
1hPG and MetS [13, 15, 16], however, these studies
defined MetS using Joint Interim Statement or NCEP-
ATP 1II criteria, without consideration for post-load
glucose when defining hyperglycemia. Post-load hyper-
glycemia is the main subtype of hyperglycemia, and
more than half of all cases of hyperglycemia can be
undiagnosed using FPG for diagnosis alone in China
[17]. Besides, because of the differences in genetic archi-
tecture, sex chromosomes, sex hormones, and the gut
microbiota between sexes, there are sex differences in
BP, lipid and glucose metabolism, and MetS [18, 19].
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However, how sex and 1hPG affect the risk of prevalent
MetS and its components remains unknown. Hence, it
is necessary to explore the associations between 1hPG
and MetS or its components by using diagnostic crite-
ria suitable for the Chinese population. In this study, we
aimed to assess the associations of 1hPG with MetS and
its components via the Chinese Diabetes Society crite-
ria in people at high risk of diabetes, and further explore
the interaction effects of sex and 1hPG on MetS and its
components.

Methods

Study design and participants

The participants were from the “Daqing Diabetes Pre-
vention Study II (Daqing DPS-II)’; which included the
high-risk population screening stage and the lifestyle
intervention stage, and this study analyzed the data from
the former stage by the two-step screening process. First,
individuals were recruited from the health checkup data
available for the year of 2023, and those with FPG of 5.6—
6.9 mmol/L and age of 25-55 years were invited to visit
a digital risk assessment questionnaire for initial eligibil-
ity assessment. Additionally, we recruited 231 partici-
pants aged 25—55 who did not have health checkup data
for 2023, but had anyone of the following: overweight/
obese (BMI> 24 kg/m?); family history of diabetes; fast-
ing capillary blood glucose between 5.6 mmol/L and
6.9 mmol/L; random capillary blood glucose between
7.8 mmol/L and 11.0 mmol/L. Second, eligible individu-
als were invited to receive an oral glucose tolerance test,
structural questionnaire, anthropometric measurements,
and other biochemical examinations between August,
2023 and January, 2024.

In terms of the lifestyle interventions in the future,
we restricted the conditions of individuals invited to
be screened. The exclusion criteria were as follows:
self-reported presence of diabetes or regular use of
glucose medication; persistent uncontrolled hyperten-
sion, i.e., systolic BP (SBP)>160 mmHg or diastolic BP
(DBP)>100 mmHg; with a total knee or hip replace-
ment in either limb within 3 months; women who were
pregnant, lactating, or planning pregnancy in the next
36 months; taking medications that could alter glucose
metabolism within 6 months; diseases related to glucose
metabolism disorders (e.g., Cushion’s syndrome); active
cancer or less than 6 months from cancer treatment.
Individuals with missing data on post-load glucose, WC,
BP, or lipid profiles and other reasons were excluded in
this analysis (Fig. 1).

All participants signed written informed consent
form, and ethics approval was obtained from the Insti-
tutional Ethics Committee of the Chinese Academy
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50 Employers (99 280 records with 2023 annual
health check-up data) were assessed for eligibility

42 Employers were excluded
With check-up records <4000 (N=40)
Declined to participate (N=2)

8 Employers (53 242 records) with large size of
records agreed to participate
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231 Recommended by others, and had any one of following conditions:

* Overweight/obese (BMI > 24 kg/m2)

* Family history of T2DM

* Fasting capillary blood glucose between 5.6 mmol/L and 6.9 mmol/L

* Random capillary blood glucose between 7.8 mmol/L and 11.0 mmol/L

45 595 Records were excluded

Duplicated records (N=1 122)

Age<25 years or >55 years (N=42 772)

FPG<5.6 mmol/L or FPG27.0 mmol/L (N=6 105)
For both reasons (N=4 404)

7 647 Aged 25-55 years were at high risk of T2DM
with FPG 5.6-6.9 mmol/L

-

106 Employees were excluded

Persistent uncontrolled hypertension (SBP/DBP

months(N=83)

‘ 6 541 Invited for screening |

Self-reported presence of T2DM or receiving glucose-lowering treatment (N=585)

With a total knee or hip replacement in either limb within 3 months (N=99)
Women who were pregnant, lactating, or planning pregnancy in the next 36

Taking medications that could alter glucose metabolism within 6 months(N=86)
Diseases related to glucose metabolism disorder (N=25)
Active cancer or less than 6 months from cancer treatment(N=52)

2160/100 mmHg) (N=176)

‘ 2 261 Participated in OGTT screening |

2 492 Participated the OGTT screening

73 Were excluded

Pilot (N=10)

Repeated screening (N=2)

Declined to answer the questionnaire (N=1)

Did not complete the OGTT screening (N=2)

Age>55 years (N=8)

Missing data for elevated blood pressure (N=30)

Difference between two measurements of WC over 1 cm (N=20)

‘ 2419 Were included in this study

Fig. 1 Flow chart for participants selection

of Medical Sciences & Peking Union Medical College
(CAMS&PUMC-IEC-2022-061).

Data collection and variable classification

Participants’ sociodemographic characteristics (age, sex,
marital status, education, and personal income), personal
history and medication for hypertension, fatty liver, and
hyperlipidemia, family history of diabetes, and lifestyle
factors (smoking status, frequency of alcohol consump-
tion, dietary quality, physical activity, and sleep duration)
were obtained by professional interviewers through face-
to-face questionnaires. Smoking status was divided into
current smoking and non-current smoking (never/for-
mer smokers). If participants consumed alcohol at least
once a week in the past 12 months, they were classified as
habitual alcohol consumers. Information on dietary qual-
ity and physical activity was collected via Chinese Diet
Quality Questionnaire [20] and the International Physi-
cal Activity Questionnaire Short Form [21], respectively.
Height, weight, WC, and BP were measured by trained
staff. BMI was calculated as weight (kg) divided by height
squared (m?), and overweight/obesity was defined by
BMI > 24.0 kg/m?. WC was measured for twice with the
difference between the two measurements<1 cm, and

the final measurement was recorded as the average of the
two measurements. BP was measured three times with a
one-minute interval between measurements following a
minimum duration of 5 min’ rest, and the average of the
last two measurements was used for analyses [22]. The
details were available in Additional file: Supplementary
Methods and Table S1.

Laboratory measurements

All subjects fasted for at least 8 h, and their fasting blood
and random urine were collected at 7-9 a.m. the next
day. After fasting blood was collected, the participants
were asked to drink 300 mL of water containing 75 g of
anhydrous glucose within 5 min before 1- and 2-h venous
blood was collected to test the corresponding glucose
and insulin levels. Plasma glucose was measured by the
hexokinase method, and insulin was measured by radio-
immunoassay. Total cholesterol (TC), TG, HDL-C, low-
density-lipoprotein cholesterol (LDL-C) were measured
by enzymatic methods. Other biochemical indicators
included SUA, liver enzymes (ALT, AST, GGT), and
serum creatinine. Insulin resistance was evaluated using
homeostasis model assessment of insulin resistance
(HOMA-IR), where HOMA-IR=fasting insulin (puU/
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mL) X FPG (mmol/L)/22.5, and the eGFR was calculated
using the Chronic Kidney Disease Epidemiology Collabo-
ration equation [23].

Definition of MetS

MetS was defined by the 2020 version of the Guidelines
for the Prevention and Treatment of Type 2 Diabetes
in China. Individuals who had three or more of the fol-
lowing five components were classified as having MetS:
abdominal obesity: WC>90 c¢cm for men or>85 cm for
women; elevated BP: SBP>130 mmHg or DBP>85
mmHg, or diagnosed hypertension and on antihyper-
tensive therapy; hyperglycemia: FPG>6.1 mmol/L or
2hPG>7.8 mmol/L; elevated TG: > 1.7 mmol/L; reduced
HDL-C: < 1.04 mmol/L [24].

Statistical analysis

We conducted several rounds of program training before
collecting the data, and performed the rigorous proce-
dure according to our Standard Operation Procedures
(SOPs). All data were analyzed using the statistical soft-
ware R version 4.2.2. Continuous data was presented as
mean * standard deviation for normally distributed vari-
ables or median and interquartile range for nonnormally
distributed variables. Differences in continuous variables
were tested using independent sample Student’s t test
(parametric variables) or Wilcoxon test (nonparametric
variables). Categorical variables were described as n (%)
and were tested with the chi-square (x?) test.

We made a bar chart to visualize the levels of 1hPG
by the number of MetS components (0, 1, 2, 3, 4, and 5)
and sex. Pearson correlation analysis was performed to
evaluate the correlation of 1hPG with normally distrib-
uted variables (WC, SBP, DBP, FPG, 2hPG, HDL-C), and
Spearman correlation analysis was performed to evalu-
ate the correlation of 1hPG with TG, which remained
skewed despite loglO transformation. Steiger’s Z test
was used to compare correlation coefficients [25]. Logis-
tic regression was used to investigate the associations
of 1hPG with MetS and its components. In the fully
adjusted model, sociodemographic characteristics (age,
sex, education, personal income), fatty liver, family his-
tory of diabetes, lifestyle factors (smoking status, fre-
quency of alcohol consumption, dietary quality, physical
activity, sleep duration), and important indicators (BMI,
TC, LDL-C, ALT, AST, GGT, SUA, and eGFR) were con-
sidered as covariates. Variance inflation factors (VIFs)
and tolerances were calculated to assess the collinearity
assumption, with VIFs less than 5 and tolerances greater
than 0.2 considered to indicate no significant collinearity
(upon testing, no significant multicollinearity was found),
odds ratios (ORs) and 95% confidence intervals (CIs)
were presented.
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To explore the additive interaction effect, we used three
parameters: the relative excess risk due to interaction
(RERI), attributable proportion due to interaction (AP),
and synergy index [26]. According to the suggestion [27],
women with 1ThPG<8.6 mmol/L were set as reference
category. The RERI can be interpreted as an additional
risk due to interaction and is calculated as the difference
between the expected and observed risks: RERI=OR;;—
OR,;—OR,;+1, where OR;; refers to the OR of the
MetS and its components for the exposure of both men
and 1hPG>8.6 mmol/L, OR;, is the OR of the MetS and
its components for men with 1hPG <8.6 mmol/L, ORy, is
the OR of the MetS and its components for women with
1hPG > 8.6 mmol/L. The AP is the proportion attributed
to the interaction among men with 1hPG>8.6 mmol/L:
AP=RERI/OR;,. The synergy index can be interpreted
as the excess risk from exposure to both factors when
there is interaction relative to the risk from exposure
without interaction: synergy index=(OR;;,-1)/[(OR;,—
1)+ (OR,;-1)]. RERI>0, AP>0, and synergy index>1
indicate an additive interaction between sex and 1hPG,
and significance was considered when 95%CIs did not
contain 0, 0, and 1 for RERI, AP, and synergy index,
respectively. All analyses were two-sided tests, with P
value < 0.05 indicating statistical significance.

Results

Characteristics of the study participants

Among the individuals recruited from the health
checkup data, 6541 subjects were invited to participant
in screening and 2261 subjects received the screening,
no significant difference in sex and FPG between the
two populations (Additional file: Table S2-S3). In total,
2419 subjects were included in this analysis (Fig. 1). The
characteristics of the study participants stratified by sex
and MetS are presented in Table 1 and Additional file:
Table S4. Overall, the mean age was 45.77+6.20 years,
men comprised 60.6% (n=1 465), and 46.8% (n=1 133)
had MetS, with 874 (59.7%) in men and 259 (27.1%) in
women, respectively. Subjects with MetS were older, and
had lower education levels than the counterparts without
MetS (P<0.001). With respect to lifestyle factors, subjects
with MetS were more likely to have unhealthy lifestyles
such as current smoking, habitual alcohol, insufficient
physical activity, and were less likely to consume all five
recommended food groups than those without MetS
(P<0.05). Stratified by sex, significant differences in cur-
rent smoking, habitual alcohol consumption, and physi-
cal activity between individuals with MetS and those
without MetS were only found in men. In terms of cardi-
ometabolic profiles, subjects with MetS had significantly
higher BMI, FPG, 1hPG, 2hPG, HOMA-IR, SBP, DBP,
TC, TG, SUA, and liver enzyme, as well as lower HDL-C
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Table 1 Characteristics of the study participants in men and women by MetS
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Variables Men (N=1 465) Women (N=954)

MetS (n=874) Non-MetS (n=591) MetS (n=259) Non-MetS (n=695) P
Age (years) 46.83+£5.92 46.36+6.89 0.168 44.96+5.09 44.24+596 0.066
Education, n (%) 0.050 <0.001
High school or below 434 (49.7) 260 (44.0) 131 (50.6) 253 (36.4)
Associate degree 185 (21.2) 125(21.2) 55(21.2) 161 (23.2)
Bachelor's degree or above 255(29.2) 206 (34.9) 73(282) 281 (40.4)
Married, n (%) 774 (88.6) 515(87.1) 0461 229 (884) 598 (86.0) 0.394
Personal income, n (%) 0.823 0234
<5000 CNY/month 212(243) 145 (24.5) 139 (53.7) 330 (47.5)
5000-9999 CNY/month 594 (68.0) 395 (66.8) 110 (42.5) 333(47.9)
>10,000 CNY/month 68 (7.8) 51(8.6) 10 (3.9) 32 (4.6)
Fatty liver, n (%) 658 (75.5) 336 (57.1) <0.001 200 (77.5) 272 (39.2) <0.001
Family history of diabetes, n (%)® 366 (43.2) 197 (35.0) 0.002 134 (534) 329 (48.7) 0.229
Current smoking, n (%) 464 (53.1) 244 (41.3) <0.001 11(4.2) 17 (24) 0.211
Habitual alcohol consumer, n (%) 0 (46.9) 245 (41.5) 0045 11(4.2) 39(5.6) 0.498
All-5 score=1, n (%) 263 (30.1) 207 (35.0) 0.054 98(37.8) 263 (37.8) 1.000
Physical activity (MET-min/week)  960.0 (396.0-1980.0)  1371.0 (495.0-2502.0) 0.001 840.0 (297.0-1519.5)  924.0 (396.0-1767.0) 0318
Sleep duration (h/day) 6.53+1.04 6.57+1.03 0539 657+1.15 6.64+1.13 0414
BMI (kg/mz) 284434 252430 <0.001 29.1+44 242435 <0.001
FPG (mmol/L) 6.5+12 59+06 <0.001 64+09 57+06 <0.001
1hPG (mmol/L) 12.5+£3.0 99+29 <0001 123+26 93+26 <0.001
2hPG (mmol/L) 9.8+35 73£26 <0.001 10.5%3.1 74124 <0.001
HOMA-IR 7.00 (4.83-9.29) 346 (2.82-5.82) <0.001 7.76 (5.80-9.88) 3.23(2.53-544) <0.001
SBP (mmHg) 1355+140 1260+£13.1 <0.001 1325+149 1175+£138 <0.001
DBP (mmHg) 904+9.8 83.2+92 <0.001 883+93 782+92 <0.001
TC (mmol/L) 5.14+1.00 4.82+091 <0.001 5.19+£0.99 5.01+0.89 0.009
TG (mmol/L) 237 (1.77-3.44) 1.30(0.95-1.62) <0.001 2.05 (1.69-2.89) 1.11 (0.84-1.48) <0.001
HDL-C (mmol/L) 1.08+0.23 1.29+0.29 <0001 1.18+0.26 51+0.34 <0.001
LDL-C (mmol/L) 3294093 3.22+0.80 0.165 3.39+0091 3.28+0.81 0.113
SUA (umol/L) 412.0+87.0 37444789 <0001 3447+763 287.1+64.8 <0.001
ALT (U/L) 23.6(19.2-29.5) 20.5(17.4-24.7) <0.001 20.7 (16.6-30.2) 17.9(15.4-21.2) <0.001
AST (U/L) 31.1(23.6-46.1) 222 (16.4-31.0) <0.001 24.8(16.6-41.0) 15.2 (11.7-21.4) <0.001
GGT (U/L) 46.0 (31.0-68.8) 27.0 (20.0-40.6) <0.001 28.0(19.0-41.6) 16.0 (12.0-24.0) <0.001
eGFR (mL/min/1.73m?) 97141127 976+11.7 0437 1099+10.7 109.2+£10.0 0.337
Overweight/obesity, n (%) 820 (93.8) 396 (67.0) <0.001 234(90.3) 334 (48.1) <0.001
Abdominal obesity, n (%) 694 (79.4) 140 (23.7) <0.001 184 (71.0) 107 (15.4) <0.001
Elevated BP, n (%)° 740 (84.7) 270 (45.7) <0.001 201 (77.6) 167 (24.0) <0.001
Hyperglycemia, n (%) 7(82.0) 193 (32.7) <0.001 234(90.3) 249 (35.8) <0.001
Elevated TG, n (%) 698 (79.9) 122 (20.6) <0.001 194 (74.9) 96 (13.8) <0.001
Reduced HDL-C, n (%) 426 (48.7) 75(12.7) <0.001 82(31.7) 20(2.9) <0.001

Data are presented as mean *standard deviation or median (interquartile range). CNY, Chinese Yuan; BMI, Body mass index; FPG, Fasting plasma glucose; ThPG, One-
hour post-load glucose; 2hPG, Two-hour post-load glucose; HOMA-IR, Homeostasis model assessment of insulin resistance; SBP, Systolic blood pressure; DBP, Diastolic
blood pressure; TC, Total cholesterol; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol; LDL-C, Low-density lipoprotein cholesterol; SUA, Serum uric acid;
ALT, Alanine aminotransferase; AST, Aspartate transaminase; GGT, Gamma glutamyl transferase; eGFR, Estimated glomerular filtration rate; BP, Blood pressure; MetS,

Metabolic syndrome

@ 3,3,1,and 2 persons were excluded analysis because the answer was unknown in men with MetS, men without MetS, women with MetS, and women without MetS,

respectively

b 27,28,8and 19 persons were excluded analysis because the answer was unknown in men with MetS, men without MetS, women with MetS, and women without

MetS, respectively

¢ Systolic BP > 130 mmHg or diastolic BP > 85 mmHg, or diagnosed and on antihypertensive therapy
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level than the counterparts without MetS (all P<0.001),
with similar results in both sexes.

Distribution of 1hPG by the number of MetS components
and sex

Figure 2 showed the mean and standard deviation of
1hPG by number of MetS components (0, 1, 2, 3, 4, and
5) and sex. Overall, there was higher level of 1hPG in
individuals with more MetS components (P,,,,;<0.001),
and similar results were observed in men and women
separately.

20.0 4
18.0 A
16.0

14.0

o [
o o

Level of 1hPG (mmol/L)
o
(=}

6.0

4.0

20

0.0

0 1

2
Number of metabolic syndrome components
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Associations of ThPG with MetS and its components by sex
Correlation coefficients between 1hPG and MetS indi-
ces were presented in Table 2. 1hPG correlated with
all MetS indices (WC, SBP, DBP, FPG, 2hPG, TG, and
HDL-C) in overall population. Stratified by sex, the cor-
relation coefficients of 1hPG with FPG and 2hPG were
similar between the sex-specific populations, while the
other MetS indices were correlated stronger with 1hPG
in women than those in men (Pg,,, < 0.01).

The associations of 1hPG with MetS and its com-
ponents are detailed in Table 3 and Additional file:
Table S5. In the total population, individuals with

u Overall
= Male

® Female

3 4 5

Fig. 2 Distribution of ThPG by the number of metabolic syndrome components and sex

Table 2 Correlation coefficients (95%C/) between ThPG and MetS indices by sex

MetS indices Overall population Men Women z Psteiger

wC 0.346 (0.311-0.381) 0.250 (0.202-0.298) 0.355 (0.298-0.409) —-2778 0.005
SBP 0.305 (0.268-0.341) 0.204 (0.154-0.252) 0.348 (0.291-0.403) —3.748 <0.001
DBP 0.269 (0.232-0.306) 0.172(0.122-0.222) 0309 (0.251-0.366) — 3495 <0.001
FPG 0.724 (0.705-0.743) 0.721 (0.696-0.745) 0.705 (0.671-0.735) 0.781 0435
2hPG 0.815(0.801-0.828) 0.814 (0.796-0.830) 0.827 (0.806-0.846) —0.955 0.340
TG 0336 (0.299-0.372) 0.251(0.202-0.299) 0354 (0.296-0.410) —2725 0.006
HDL-C —0.254 (- 0.291--0.217) —0.154 (= 0.204— 0.104) —0258 (- 0.317--0.198) 2610 0.009

MetS, Metabolic syndrome; ThPG, One-hour post-load glucose; 2hPG, Two-hour post-load glucose; WC, Waist circumference; SBP, Systolic blood pressure; DBP,
Diastolic blood pressure; FPG, Fasting plasma glucose; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol

* Pearson correlation coefficient, or otherwise specified

* Spearman correlation coefficient
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1hPG > 8.6 mmol/L had a higher risk of prevalent MetS
than those with 1hPG < 8.6 mmol/L (aOR=4.40, 95%
CI 3.26-6.01) after adjusting for the covariates. For the
MetS components, the aORs (95% CIs) of hypergly-
cemia, elevated BP, and reduced HDL-C in individu-
als with 1hPG >8.6 mmol/L compared to those with
1hPG<8.6 mmol/L were 1546 (11.56-20.98), 1.46
(1.13-1.89), and 1.51 (1.07-2.15), respectively. How-
ever, no significant associations were observed between
1hPG > 8.6 mmol/L and abdominal obesity (¢OR=1.30,
95% CI 0.93-1.82) or elevated TG (aOR=1.30, 95% CI
0.94-1.80). Stratified by sex, a stronger association of
1hPG > 8.6 mmol/L with hyperglycemia was found in
women (aOR=26.73, 95% CI 16.35-45.64) than that
in men (aOR=11.19, 95% CI 7.74—16.50). In addition,
significant association of 1hPG>8.6 mmol/L with
an increased risk of elevated BP was observed only in
women (@aOR=1.65, 95% CI 1.08-2.54), whereas the
association of 1hPG>8.6 mmol/L with an increased
risk of dyslipidemia was significant only in men (ele-
vated TG: aOR=1.62, 95% CI 1.05-2.51; reduced HDL-
C: aOR=1.55,95% CI 1.05-2.32).

Additive interaction effect between sex and ThPG on MetS
and its components
Individuals were
based on sex

into
level:

categorized
and 1hPG

four groups
Group A
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(control group; women with 1hPG < 8.6 mmol/L), Group
B (women with 1hPG>8.6 mmol/L), Group C (men
with 1hPG<8.6 mmol/L), and Group D (men with
1hPG>8.6 mmol/L). The adjusted ORs for MetS and
its components are presented in Table 4. Compared to
Group A, the aOR (95% CI) of MetS was 10.59 (5.59-
20.06) for Group D, and the corresponding aORs (95%
CIs) of hyperglycemia, reduced HDL-C, elevated BP, and
abdominal obesity were 18.08 (10.61-30.81), 5.06 (2.71-
9.44), 2.72 (1.81-4.09), and 2.50 (1.43-4.39), respectively.

We further analyzed the additive scales to inves-
tigate whether the combined effect of sex and
1hPG>8.6 mmol/L on the risk of MetS and its com-
ponents exceeded the sum of their individual effects.
The results are presented in Table 5. Additive interac-
tion effect was statistically significant between sex and
1hPG>8.6 mmol/L for the risk of MetS (RERI=3.30,
95% CI 0.04-9.66). Specifically, the combined risk of
MetS from exposure to men and 1hPG > 8.6 mmol/L was
1.53 times than the sum of their individual risk (synergy
index=1.53, 95% CI 1.08-2.15), and 31% of the risk of
MetS was attributed to the interaction effect of men and
1hPG > 8.6 mmol/L (AP=0.31, 95% CI 0.06—0.49). There
was no significant additive interaction effect between
sex and 1hPG>8.6 mmol/L for the risk of all MetS
components.

Table 3 Association between 1ThPG >8.6 mmol/L and MetS or its components by sex [OR (95%C/)]

Dependent variables Overall population Men Women

MetS 4.40 (3 26-6. 01) 3.88(2.70-5.63) 597 (3 32-11.43)
Abdominal obesity 0(0.93-1.82) 1.26 (0.84-1.90) 6 (0.72-2.59)
Elevated BP 146 (1.13— ,89) 1.36 (0.97-1.91) 1.65 (1.08—2.54)
Hyperglycemia 15.46 (11.56-20.98) 11.19 (7.74-16.50) 26.73 (16.35-45.64)
Elevated TG 1.30 (0.94-1.80) 1.62 (1.05-2.51) 0.81(047-1.39)
Reduced HDL-C 1.51 (1.07-2.15) 1.55(1.05-2.32) 1.08 (0.49-2.37)

MetS, Metabolic syndrome; BP, Blood pressure; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol

Adjusted for age, education, marital status, personal income, fatty liver, family history of diabetes, lifestyle factors (including current smoking, habitual alcohol, dietary
quality, physical activity, sleep duration), BMI, TC, LDL-C, SUA, ALT, AST, GGT, eGFR for MetS, and further adjusted other MetS components for specific MetS component

Table 4 Individual and combined association of sex and 1hPG with MetS and its components

Group MetS Abdominal obesity Elevated BP Hyperglycemia Elevated TG Reduced HDL-C
Group A 1.00 1.00 1.00 1.00 1.00 1.00

Group B 5.65(3.09-10.35) 1.32(0.78-2.25) 1.71(1.19-2.46) 23.78 (14.68-38.54) 1.24 (0.79-1.95) 1.57 (0.85-2.90)
Group C 264 (1.31-531) 1.93 (1.07-3.50) 2.09 (1.36-3.21) 1.60 (0.87-2.96) 1.06 (0.61-1.85) 3.38(1.75-6.54)
Group D 10.59 (5.59-20.06) 2.50(1.43-4.39) 2.72(1.81-4.09) 18.08 (10.61-30.81) 143 (0.86-2.39) 5.06 (2.71-9.44)

MetS, Metabolic syndrome; BP, Blood pressure; TG, Triglycerides; HDL-C, High-density lipoprotein cholesterol. Adjusted for age, education, marital status, personal
income, fatty liver, family history of diabetes, lifestyle factors (including current smoking, habitual alcohol, dietary quality, physical activity, sleep duration), BMI, TC,
LDL-C, SUA, ALT, AST, GGT, eGFR for MetS, and further adjusted other MetS components for specific MetS component. Group A: women with ThPG < 8.6 mmol/L group.
Group B: women with ThPG > 8.6 mmol/L. Group C: men with ThPG <8.6 mmol/L. Group D: men with ThPG > 8.6 mmol/L
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Table 5 Interaction effect between 1ThPG and sex on the MetS and its components

Parameters MetS Abdominal obesity Elevated BP Hyperglycemia Elevated TG Reduced HDL-C
RERI (95%C)) 330(0.04-9.66) 0.25 (- 1.23-1.31) —0.08 (- 1.15-0.75) —6.30(-17.01-139) 0.14(-0.77-068) 1.1 (- 131-3.79)
AP (95%Cl) 0.31(0.06-049) 0.10 (— 0.34-044) -003(-039-0.23) —-035(-0.88-0.02) 0.10(-040-052) 022 (-0.13-047)
synergy index (95%Cl)  1.53(1.08-2.15)  1.20 (0.57-2.52) 0.96 (0.61-1.50) 0.73(0.52-1.03) 146 (0.15-14.02)  1.38(0.84-2.27)

RERI, Relative excess risk due to interaction; Cl, Confidence interval; AP, Attributable proportion due to interaction; MetS, Metabolic syndrome; BP, Blood pressure; TG,

Triglycerides; HDL-C, High-density lipoprotein cholesterol

Adjusted for age, education, marital status, personal income, fatty liver, family history of diabetes, lifestyle factors (including current smoking, habitual alcohol, dietary
quality, physical activity, sleep duration), BMI, TC, LDL-C, SUA, ALT, AST, GGT, eGFR for MetS, and further adjusted other MetS components for specific MetS component

Discussion

MetS is an aggregation of cardiometabolic risk factors
characterized by insulin resistance, which significantly
contributes to incident diabetes, cardiovascular diseases,
and related mortality. Thus, early recognition and man-
agement of the risk factors for MetS are vital. In this
study, we found that 1hPG was associated with higher
risk of prevalent MetS and its components in Chinese
population at high risk of diabetes, and additive interac-
tion effect was observed between sex and 1hPG on prev-
alent MetS.

In our study, the prevalence of MetS was 46.8% accord-
ing to the Chinese Diabetes Society criteria in individu-
als at high risk of diabetes, which was higher than the
prevalence in general population [28] and lower than that
in individuals with newly diagnosed diabetes [29, 30]. In
terms of MetS components, elevated BP and hyperglyce-
mia had the highest prevalence, followed by abdominal
obesity, elevated TG, and reduced HDL-C. These results
differed from previous study in which hyperglycemia had
the lowest prevalence [6], possibly because the subjects
included in this study were people at high risk of diabetes.
Subjects with MetS were older and more likely to be men
in our study. Previous studies presented mixed results in
terms of sex differences, with some studies showing simi-
lar results with our study [28, 31]. Other studies reported
a higher prevalence of MetS in women [5, 6], and the
difference may be due to the effect of estrogen or meno-
pausal status. Data from the China National Health and
Nutrition Surveillance (2010-2012) Project revealed a
higher prevalence of MetS in men than in women aged
less than 50 years, and the opposite pattern was observed
among those aged above 50 years [31]. Some studies
demonstrated that a higher risk of MetS was observed
in postmenopausal women with the decrease of estrogen
level [32]. Although we did not collect the information
on menopausal status, the average age of the women in
this study was younger than 45 years old, which may help
explain why men had a higher risk of MetS than women
did in our study.

Individuals with elevated 1hPG have insulin resistance
and impaired B-cell function, and 1hPG is an independ-
ent risk factor for diabetes, cardiovascular diseases, and
mortality [33]. According to our analysis, the higher
level of 1hPG was observed in individuals with more
MetS components regardless of sex, which indicates
that 1ThPG may reflect the severity of MetS. 1hPG > 8.6
mmol/L was associated with MetS and all components
after adjusting for demographic characteristics and life-
style factors, but was no longer independently associated
with abdominal obesity and elevated TG when further
adjusting for the important biochemical indicators. In
contrast, 1hPG increased the risk of MetS, elevated BP,
hyperglycemia, and reduced HDL-C after controlling for
potential covariates. However, a previous study reported
that 1hPG>8.0 mmol/L was independently associated
with MetS, elevated BP and elevated TG, but not with
reduced HDL-C after adjusting for age, sex, alcohol con-
sumption, smoking, family history of diabetes and BMI
in participants with normoglycemia[l6]. A cross-sec-
tional study conducted in 2 439 Caucasian overweight or
obese subjects (28% men, 72% women) also found that
BP, FPG, and TG were independently associated with
1hPG > 8.6 mmol/L, whereas HDL-C showed no signifi-
cance [13]. One possible interpretation for the difference
in associations between 1hPG and dyslipidemia might be
the difference in the study participants. For example, the
participants included in our study were predominantly
Asian men, while the study involving Caucasian subjects
mainly included women [13]; more research is needed to
explore the sex-specific associations of 1hPG with MetS
and its components in other ethnic populations.

For hyperglycemia, accumulating evidence showed
that 1hPG was an independent factor for detecting and
predicting hyperglycemia, and the International Dia-
betes Federation has adopted 1hPG>8.6 mmol/L for
diagnosing intermediate hyperglycemia [11]. Consist-
ently, we also found a significant association between
1hPG>8.6 mmol/L and hyperglycemia, with a stronger
association in women than that in men. Similarly, a pro-
spective study with 12-year follow-up found a better
ability for 1hPG to predict incident diabetes in women
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(AUC=0.82, 95% CI 0.74—0.89) than in men (AUC=0.78,
95% CI0.72-0.85)[34]. It could be interpreted that hyper-
glycemia was mainly attributed to elevated 2hPG [17],
which is more commonly observed in women because
of prolonged gut glucose absorption [35, 36]. Notably,
the association of 1hPG with elevated BP was observed
only in women after adjusting for covariates, whereas
the association of 1hPG with dyslipidemia (including
elevated TG and reduced HDL-C) was observed only in
men. There was limited evidence on the sex differences
in associations of 1hPG with MetS components; however,
several studies supported the prominent associations of
hypertension or pulse pressure with incident prediabetes
in women [37, 38] and elevated TG with prediabetes in
men [18]. The causes of these differences were unclear
yet, but could be partially attributed to the differences
in endogenous gonadal hormones [39]. Further inves-
tigation is essential to explore the etiology and intrin-
sic mechanisms that drive the sex-specific variances
observed in the correlations between 1hPG and meta-
bolic components. Such studies would be instrumental
in the development of sex-specific approaches and strate-
gies for the identification and management of metabolic
disorders.

Our study further found a significant interaction effect
between sex and 1hPG>8.6 mmol/L on MetS, while
no interaction effects were observed for MetS compo-
nents. Because of the differences in insulin resistance
and metabolic disorders between sexes [19], how sex and
1hPG affect the risk of MetS is worth of exploration. We
found the risk of prevalent MetS was significantly higher
in men with 1hPG>8.6 mmol/L than the sum of indi-
vidual risk in women with 1hPG > 8.6 mmol/L and men
with 1hPG<8.6 mmol/L, and 31% of the risk of MetS
could be attributed to the interaction effect of men and
1hPG > 8.6 mmol/L. Previous studies rarely explored the
interaction effect yet, which limited the comparison of
our results with others. However, our findings could help
with the precise identification and management of MetS,
and further prevent diabetes, cardiovascular diseases and
even mortality.

This study had several strengths. Initially, we used
the Chinese Diabetes Society criteria to diagnose MetS,
which incorporate 2hPG as a diagnostic marker for
hyperglycemia, and the Chinese Diabetes Society cri-
teria was more suitable for Chinese people, because
the exclusion of 2hPG might underestimate the preva-
lence of hyperglycemia or MetS, especially in women
[36]. Furthermore, we assessed the associations of
1hPG with MetS and its components, as well as the
interaction effects between sex and 1hPG on MetS
and its components. To the best of our knowledge,
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few previous studies explored the interaction effect
between sex and 1hPG on MetS. However, several
limitations should be taken into consideration. First,
this study was a cross-sectional study, which could
not explore the causal relationship between 1hPG and
MetS or its components, further follow-up is needed to
explore the role of 1hPG in the risk of incident MetS
and its components. Second, we only included people
at high risk of diabetes, limiting the generalization of
the findings. However, the oral glucose tolerance test
is not routinely recommended for the general popula-
tion due to its complexity and time-intensive nature.
Our study employed a two-step screening process to
conduct the oral glucose tolerance test in individuals
at high risk of diabetes, which is considered practical
in the real world. Third, the study participants were
only from northeast China, so further research in other
regions is necessary to explore the associations of 1hPG
with MetS and its components. Fourth, there could be
some other potential confounders not included in this
analysis, such as detailed information on smoking and
alcohol consumption.

Conclusion

In summary, there was sex difference in associations
of 1ThPG with MetS and its components, and addi-
tive interaction effect was found between men and
1hPG > 8.6 mmol/L on MetS among Chinese people at
high risk of diabetes. 1hPG test and sex-specific strate-
gies should be taken into consideration in cardiometa-
bolic disorders identification and management.
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