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ABSTRACT

Objectives Adiponectin is closely related to glucose
metabolism and traditional diabetes risk factors (obesity,
hypertension and dyslipidaemia). We aimed to explore

the association between adiponectin levels and newly
diagnosed type 2 diabetes mellitus (T2DM) and pre-
diabetes in subgroups classified according to T2DM risk
factors.

Setting Sun Yat-sen Memorial Hospital of Sun Yat-sen
University.

Participants 3680 individuals (1753 men and 1927
women) aged 18-70 years from Guangzhou and
Dongguan, China, were enrolled from December 2018 to
October 2019.

Primary and secondary outcome measures T2DM was
defined as fasting plasma glucose (FPG)>=7.0 mmol/L or
HbA1¢>6.5%, and pre-diabetes was defined as 6.1 mmol/
L<FPG<7.0mmol/L or 5.7<HbA1¢<6.5%.

Results With the increasing number of T2DM risk
factors, the proportion of the population with high-quartile
adiponectin levels gradually decreased (p<0.001). A low
level of adiponectin was significantly associated with
diabetes and pre-diabetes in a population with >1T2DM
risk factor, whereas its association was not consistently
significant in the population with all three T2DM risk
factors. For instance, participants were more likely to have
diabetes or prediabetes with low levels of adiponectin
when they had > one T2DM risk factor (quartile 2 vs. 1: OR
0.71 [95%Cl: 0.56-0.89]; P=0.003; quartile 3 vs. 1: OR
0.57 [95%Cls: 0.44—0.72]; P<0.001; and quartile 4 vs. 1:
OR 0.52 [95%Cls: 0.40-0.67]; P<0.001).

Conclusion Adiponectin was negatively associated with
diabetes and pre-diabetes in a population with few T2DM
risk factors, while their relationship gradually attenuated
with the accumulation of T2DM risk factors, especially

in a population with coexisting diseases such as obesity,
hypertension and dyslipidaemia.

INTRODUCTION
Type 2 diabetes mellitus (T2DM), charac-
terised by impaired glucose metabolism and

,"2 Feng Li,"® Hong Lian,
.2 Yan Li,"? Chuan Wang,'?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This cross-sectional analysis was performed in a
large population.

= This study investigated the relationship between
adiponectin and type 2 diabetes in individuals with
complex metabolic status.

= Results should be interpreted cautiously due to the
observational design.

= The fact that oral glucose tolerance test was not
used as the diabetes diagnostic criterion would
reduce the observed prevalence of diabetes in our
study population.

= Further studies would be needed to verify these
findings in populations with a different racial or eth-
nic background.

insulin resistance coupled with complex
metabolic disorders and multiple complica-
tions, is an increasing global health problem.’
According to the International Diabetes
Federation Diabetes Atlas, the number
of patients with diabetes worldwide is 463
million and is predicted to reach 700 million
by 2045.° Considering the irreversibility
and incurability of diabetes and its tremen-
dous social and economic burden on health
systems worldwide, the rational and preferred
method of detecting new-onset diabetes is of
great realistic significance.”

Adiponectin, an adipose tissue-derived
insulin sensitiser, is a key component of the
interrelationship between adiposity and
insulin resistance and is a major risk factor
for type 2 diabetes.* Lower adiponectin levels
were observed a decade before T2DM was
discovered.” A meta-analysis of 15 prospective
studies suggested that higher adiponectin
levels were associated with a lower risk of
diabetes across diverse populations, which is
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consistent with a dose-response relationship.® In addi-
tion, accumulating evidence has confirmed that low
adiponectin levels are closely related to a high prevalence
of abnormal glycolipid metabolism.”

Metabolic syndrome (MetS), a constellation of
obesity, hyperglycaemia, dyslipidaemia and hyperten-
sion, precedes the occurrence of diabetes by almost
Syears and serves as a risk factor for the development
of diabetes.® ¥ Obesity, hypertension and dyslipidaemia,
which are common diabetes risk factors, often occur
concurrently in patients with diabetes.'” The severity of
MetS is related to the risk of T2DM, and that additional
risk will continue to grow with the increase in MetS
severity score, which may help integrate the risk associ-
ated with the aggregation of individual components.'' 2
Notably, adiponectin is closely related to glucose metabo-
lism and traditional diabetes risk factors.”* '* The effect
of adiponectin on glucose metabolism can be affected by
metabolic biomarkers, including glycaemia, insulin sensi-
tivity, plasma lipid levels and inflammatory markers."? In
addition, Kim et al suggested that the plasma adiponectin
level is a possible biomarker for the development of
adiposity-related hypertension, serving as a potential
therapeutic target in blood pressure regulation.'” Since
adiponectin serves as part of the common biological back-
ground of insulin resistance and inflammation in T2DM
and its risk factors, their relationship should be more
complicated.'® Obesity, hypertension and dyslipidaemia
may influence this relationship. However, to our knowl-
edge, the complex relationship between adiponectin and
T2DM in a population with various clusters of obesity,
dyslipidaemia and hypertension remains unknown.

Therefore, we conducted an epidemiological study
in a community-based population in southern China.
This study aimed to explore the association between
adiponectin levels and newly diagnosed T2DM and pre-
diabetes in subgroups stratified by T2DM risk factors.

MATERIALS AND METHODS

Study design and participants

This cross-sectional study was conducted in China
between December 2018 and October 2019. The enrolled
study population in Guangzhou came from the Sun Yat-
sen Memorial Hospital of Physical Examination Center.
Meanwhile, the population recruited in Dongguan
mainly came from communities (Dalingshan commu-
nity, Zhangmu community, Daojiao community, Qiaotou
community, Songshan Lake community, Qingxi commu-
nity, Zhang’an community and Meinian Physical Exam-
ination Center). Because the study population were from
physical examination centre and communities, they were
notinpatients or from a particular department. First, clini-
cians verbally questioned the study population to deter-
mine whether they satisfied the inclusion criteria. The
inclusion criteria were as follows: (1) those aged 18-70
years; (2) of Han ethnicity and (3) with permanent resi-
dency in one of the aforementioned regions for >3 years.

Then, subjects that met the inclusion criteria were asked
to complete a questionnaire, and were subjected to phys-
ical examination, laboratory tests and serum adiponectin
measurement. The questionnaire mainly includes birth
date, gender, ethnicity, previous medical history, present
medical history, drug use and dietary supplement use,
and is filled in by trained staff. Subsequently, subjects
meeting the following exclusion criteria were excluded:
(1) pregnancy; (2) self-reported mental illness or severe
physical diseases, such as hepatic cirrhosis, chronic
renal failure or evident cardiac insufficiency; (3) self-
reported infectious disease or malignant tumours; (4)
self-reported hypertension, dyslipidaemia, cardiovascular
disease or cerebrovascular disease; (5) other self-reported
endocrine diseases or (6) long-term use of drugs, dietary
supplements or functional food (=3 times/week for more
than 3months). Therefore, the population in our study
excluded those who were diagnosed with diabetes or
were more likely to have diabetes, instead of a nationally
representative sample of adults across China. During the
recruitment phase, 3866 participants were recruited and
completed the questionnaire, physical examination, labo-
ratory test and serum adiponectin measurement. Next,
168 individuals were excluded since they had a history of
diabetes or incomplete information on adiponectin and
diagnostic indicators of diabetes (fasting plasma glucose
(FPG) or glycosylated haemoglobin (HbAlc)). Finally,
3680 (99.78%) eligible participants, including 2449
normoglycaemic individuals, 1077 individuals with newly
diagnosed pre-diabetes and 154 individuals with newly
diagnosed T2DM, were enrolled in our final data anal-
yses. The details are presented in a flow chart (figure 1).

Procedures

With the assistance of trained staff, the participants
completed anthropometric measurements according
to standard procedures. Body weight and height were
measured while the participants wore light indoor
clothing without shoes. Body mass index (BMI) was calcu-
lated as the weight in kilograms divided by the height in
metres squared (kg/m?). While the patients were standing
and breathing steadily, waist circumference (WC) was
measured in a horizontal plane mid-way between the
inferior margin of the ribs and the superior border of
the iliac crest using a tape measure. Hip circumference
(HC) was measured in a horizontal plane at the widest
part of the subject’s hips using a tape measure. Waist-
to-hip ratio (WHR) was calculated as WC divided by HC.
Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured twice in the right arm using
an electronic sphygmomanometer (OMRON, Omron
Company, Japan) after each patient rested for more than
5min. The mean of the two blood pressure readings was
used for data analysis.

Venous blood samples were drawn from the study
participants after they fasted overnight. FPG, glycated
haemoglobin (HbAlc), triglycerides (TG), total choles-
terol (TC), low-density lipoprotein cholesterol (LDL-C)
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! 186 participants were excluded

1) with a history of diabetes

' 2) without complete information on adiponectin
I 3) without diagnostic indicators of diabetes

3680 participants were eligible (Normoglycemia group, n=2449;
Pre-diabetes group, n=1077; Diabetes group, n=154)

............... .
: Participants were distributed according
to the numbers of T2DM risk factors

Figure 1

Further investigated the relationship between
adiponectin and T2DM in different group

Flow chart of the study design. T2DM, type 2 diabetes mellitus.

and high-density lipoprotein cholesterol (HDL-C) levels
were measured using an autoanalyser (Beckman CX-7
Biochemical Autoanalyzer, Brea, California, USA). Serum
adiponectin concentrations were measured using a latex-
enhanced turbidimetric immunoassay (Uniten Biotech-
nology, Guangdong, China; Catalogue No 20182400947)
using a BS-600 automatic biochemical instrument
(Mindray, China). According to the manufacturer’s
instructions, the range of laboratory measurements was
2.0-40.0pg/mL, and the intra-assay and interassay coeffi-
cients of variation were <10% and 15%, respectively. The
aforementioned tests were performed in the laboratory
of the Endocrinology Department of Sun Yatsen Memo-
rial Hospital. The assay was calibrated and standardised
according to the manufacturer’s protocol.

Definitions

According to the American Diabetes Association 2020
criteria, individuals were diagnosed with T2DM if they
had FPG>7.0mmol/L or HbA1c26.5% and diagnosed
with pre-DM if 6.1 mmol/L<FPG<7.0 mmol/L or
5.7<HbA1c<6.5%."

There has been increasing evidence of a high
prevalence of T2DM among Asian populations with
a lower BMI and WC than in Caucasian popula-
tions."” Combined with the criteria for obesity in
Chinese adults,'® our study defined high BMI levels
as BMI>24.0 kg/mQ, high WC levels as a WC=80 cm for
females or waistline 285 cm for males, obesity as high
BMI or WC levels and compound obesity as the combi-
nation of high BMI and WC levels.
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According to the ‘Guideline for Prevention and Treat-
ment of Dyslipidemia in Chinese Adults’,” the diag-
nosis of dyslipidaemia was based on the presence of
one or more of the following criteria: TC>5.20 mmol/L,
TG>1.70mmol/L, HDL-C<1.00mmol/L and
LDL-C>3.4mmol/L.

According to the ‘Chinese guidelines for the manage-
ment of hypertension’,”” hypertension was diagnosed as
SBP>140 mm Hg or DBP>90 mm Hg.

The features of MetS include increased WC, blood pres-
sure elevation, low HDL-C, high TG and hyperglycaemia,
which also serve as risk factors for diabetes.?! In this study,
we divided the patients into three subgroups, character-
ised by 21, >2 or >3 diabetes risk factors. Meanwhile, a
correlation between adiponectin levels and diabetes and/
or pre-diabetes was observed in different subgroups.

Statistical analysis

The baseline characteristics of the study participants
were expressed as the mean+SD for continuous variables
with a normal distribution, and categorical variables
were summarised as numbers and proportions. Owing
to a skewed distribution, TGs and adiponectin were loga-
rithmically transformed prior to analysis. Differences
between groups were tested with one-way analyses of vari-
ance, and post hoc comparisons were performed using
the Bonferroni correction. Comparisons between cate-
gorical variables were performed using the ¥ test or Fish-
er’s exact test. The distribution of population-clustered
T2DM risk factors according to adiponectin quartiles was
determined. Based on sociodemographic data and labo-
ratory testing from this survey and previous studies, age,
sex, obesity, hypertension and dyslipidaemia were further
adjusted in the multiple logistic regression analyses.
Multiple logistic regression analyses were used to calcu-
late the incidence of T2DM and pre-diabetes in subgroups
that were stratified by the number of clustered T2DM risk
factors, including MetS components of obesity, hyperten-
sion and dyslipidaemia, and the results were expressed as
ORs and 95% CIs after adjusting for sex and age. All of
the statistical analyses were performed using the RStudio
V.3.6.1. The statistical tests were two sided, and p values
<0.05 were considered statistically significant.

Patient and public involvement

Patients and members of the public were not involved in
the design, conduct, reporting or dissemination plans of
our research.

RESULTS

This cross-sectional study enrolled 3680 individuals,
including 154 individuals with newly diagnosed T2DM
and 1077 individuals with newly diagnosed pre-diabetes;
their characteristics are shown in table 1. Compared
with the population with normoglycaemia, those with
pre-diabetes and diabetes were more likely to be female,
older and had higher obesity indicators (BMI, WC, HC

and WHR), hypertension indicators (SBP and DBP) and
dyslipidaemia indicators (TC, TG and LDL-C) (p<0.05).
This indicated that the population with a worse glycaemic
status tended to have poorermetabolic profiles. Ourresults
also showed that participants with diabetes had signifi-
cantly lower adiponectin levels than did those with pre-
diabetes (p<0.05), and that there was a decreasing trend
of adiponectin levels in populations with normoglycaemia
(4.0 (2.9-5.5) mg/L), pre-diabetes (3.7 (2.7-5.3) mg/L)
and diabetes (3.2 (2.1-4.7) mg/L). The characteristics
of the participants according to adiponectin quartile are
shown in table 2. Those with higher plasma adiponectin
levels were more likely to be male and older (p<0.001).
Adiponectin quartiles were negatively associated with
diabetes indicators (FPG and HbAlc), obesity indicators
(BMI, WC, HC and WHR), hypertension indicators (SBP
and DBP) and dyslipidaemia indicators (TG, LDL-C and
HDL-C) (p<0.05).

We screened for three traditional diabetes risk factors:
obesity (four types: high BMI and WC, obesity and
compound obesity), hypertension and hyperlipidaemia.
The prevalence rates of diabetes risk factors (including
obesity, hypertension and hyperlipidaemia) in different
distributions according to adiponectin quartiles are shown
in table 3. The prevalence of obesity was 78.71%, 63.71%,
50.68% and 38.05% (p<0.001); the prevalence of hyper-
tension was 12.67%, 9.59%, 10.28% and 7.56% (p<0.05);
and the prevalence of dyslipidaemia was 76.12%, 59.52%,
53.85% and 53.80% (p<0.001) in adiponectin quartiles
1-4, respectively. The results of the linear-by-linear associ-
ation also showed that all diabetes risk factors were nega-
tively correlated with adiponectin levels (p value for trend
<0.001).

Table 4 shows the distribution of the population with
clustered T2DM risk factors according to adiponectin
quartile. Among the population without T2DM risk
factors, the proportion of high-quartile adiponectin was
higher, and the exact percentages were as follows: quar-
tile 1, 10.68%; quartile 2, 22.47%; quartile 3, 31.88%; and
quartile 4, 34.97%. The opposite trend was observed in
populations with two or three T2DM risk factors. More-
over, with the increasing number of T2DM risk factors,
the proportion of the population with high-quartile
adiponectin levels gradually decreased, and the differ-
ence was statistically significant (p<0.001).

Subsequently, the interactive effects of adiponectin and
T2DM risk factors were determined (p<0.05). Thus, we
further analysed the adjusted ORs for diabetes and pre-
diabetes according to quartiles of adiponectin in indi-
viduals with various combinations of diabetes risk factors
(table 5). We divided the patients into three subgroups,
characterised by 21, 22 or 23 diabetes risk factors. Mean-
while, a correlation between adiponectin levels and
diabetes and/or pre-diabetes was observed in different
subgroups. After adjusting for sex and age, negative asso-
ciations between adiponectin and T2DM and/or pre-
diabetes were consistently detected in populations with
various diabetes risk factors. In the population with one
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Table 1 Baseline characteristics of study population according to glucometabolic state

Variables Total population Normoglycaemia Pre-diabetes Diabetes P value
n (%) 3680 (100.0) 2449 (66.55) 1077 (29.27) 154 (4.18) -
Male (%) 1753 (47.77) 1114 (45.54) 561 (52.28) 78 (51.66) 0.001
Age (years) 45.42+13.80 42.09+13.18 51.92+12.69* 53.03+11.80* <0.001
Height (cm) 161.76+8.73 162.03+8.62 161.28+8.82 160.91+9.61 0.032
Weight (kg) 63.0+12.0 61.98+11.78 64.60+11.99* 67.78+13.26™F <0.001
BMI (kg/m?) 23.98+3.57 23.51+3.46 24.74+3.52* 26.08+4.02*F <0.001
WC (cm) 82.09+10.31 80.21+10.22 85.40+9.31* 88.56+9.97*F <0.001
HC (cm) 94.82+7.22 94.06+7.24 96.11+6.87* 97.60+7.43"1 <0.001
WHR 0.86+0.07 0.85+0.07 0.89+0.06* 0.91+0.07*t <0.001
SBP (mm Hg) 119.5+15.0 117.3+14.2 123.4+15.0* 127.0+18.7*F <0.001
DBP (mm Hg) 73.18+10.0 72.0+9.7 75.2+9.8" 78.0+11.4*F <0.001
TC (mmol/L) 5.13+1.06 5.01+1.01 5.36+1.08* 5.60+1.13*t <0.001
TG (mmol/L) 1.22 (0.84-1.83) 1.10 (0.79-1.62) 1.45 (1.02-2.10)* 1.78 (1.22-2.78)*t <0.001
LDL-C (mmol/L) 3.05+0.88 2.94+0.82 3.25+0.95* 3.30+0.99* <0.001
HDL-C (mmol/L) 1.48+0.54 1.48+0.51 1.49+0.59 1.44+0.64 0.585
Adiponectin (mg/L) 3.9 (2.8-5.4) 4.0 (2.9-5.5) 3.7 (2.7-5.3) 3.2 (2.1-4.7)t <0.001

Data are expressed as mean+SD or medians (IQRs) for skewed variables or numbers (proportions) for categorical variables.
TG and adiponectin are skewed in distribution, log transformation before variance analysis and comparison in pairs.
P values were for the analysis of variance (ANOVA) or %2 analyses across the groups. Bold indicates statistical significance.

*P<0.001compared with normoglycaemia population.
TP<0.05 compared with pre-diabetes.

BMI, body mass index; DBP, diastolic blood pressure; HC, hip circumference; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip

ratio.

or more risk factors, multiple logistic regression anal-
yses showed that adiponectin levels in quartile 1 had a
significant protective effect against the occurrence of
glucose metabolism disorders compared with quartiles
2-4. With the increasing number of diabetes risk factors,
only adiponectin quartiles 3 and 4 showed statistically
significant differences compared with adiponectin quar-
tile 1. Finally, compared with adiponectin quartile 1,
only quartile 4 had a significant protective effect against
the occurrence of glucose metabolism disorders in the
subpopulation with all three traditional diabetes risk
factors. For instance, participants were more likely to have
diabetes or prediabetes with low levels of adiponectin
when they had > one T2DM risk factor (quartile 2 vs. 1:
OR 0.71 [95%CI: 0.56-0.89]; P=0.003; quartile 3 vs. 1: OR
0.57 [95%ClIs: 0.44-0.72]; P<0.001; and quartile 4 vs. 1:
OR 0.52 [95%Cls: 0.40-0.67]; P<0.001).

DISCUSSION

In this study, we found that adiponectin showed a
decreasing trend in populations with normoglycaemia,
pre-diabetes and diabetes, indicating that adiponectin
may be involved in the progression from pre-diabetes to
diabetes. Our study indicated that adiponectin was asso-
ciated with abnormal glucose metabolism; however, this
relationship might not be stable and could be affected

by various diabetes risk factors (obesity, hypertension and
dyslipidaemia). When the number of diabetes risk factors
was low, increased adiponectin levels were positively
associated with abnormal glucose metabolism. However,
with an increasing number of diabetes risk factors, the
relationship between adiponectin levels and abnormal
glucose metabolism gradually decreased. In the subpopu-
lation with all three traditional diabetes risk factors, only
the highest adiponectin quartile showed a significant
positive association with glucose metabolism compared
with quartile 1. Therefore, adiponectin may be used to
evaluate glucose metabolism risk; however, it should be
combined with obesity-related indicators, blood pressure
and blood lipid levels in the application process.

T2DM is a global health problem, and its burden is
expected to increase in the coming years. Therefore, it
is important to investigate the risk factors for diabetes
and identify suitable biomarkers for the prevention and
control of diabetes. Pre-diabetes, typically defined as
blood glucose concentrations higher than normal but
lower than the threshold for diabetes, is a high-risk state
for the development of diabetes.*” Notably, adiponectin, a
newly established biomarker, enables a statistically signif-
icant improvement in the assessment of the risks of both
diabetes and pre-diabetes beyond the use of traditional
risk factors.” In the Whitehall II study that explored the
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Table 2 Clinical characteristics of participants according to quartiles of adiponectin

Adiponectin
Characteristics Quartile 1 Quartile 2 Quartile 3 Quartile 4 IFIZ P value
n (%) 941 (25.58) 928 (25.22) 917 (24.93) 893 (24.28) - -
Distribution (mg/L) 2.30 (1.90; 2.50) 3.40 (3.10; 3.70) 4.60 (4.30; 4.90) 6.80 (6.00; 7.90) - -
Male (%) 315 (33.51) 449 (48.59) 536 (58.58) 617 (69.33) 255.96 <0.001
Age (years) 42.75+11.35 44.18+13.10 45.49+14.19 49.45+15.48 40.76 <0.001
Height (cm) 164.54+8.29 162.63+8.62 160.86+8.75 158.86+8.21 74.83 <0.001
Weight (kg) 69.96+12.10 64.58+10.45 60.67+11.11 56.44+9.86 252.6 <0.001
FPG (mmol/L) 5.26+1.18 5.05+0.93 4.99+0.89 4.98+0.84 16.10 <0.001
HbA1c (%) 5.55+0.76 5.40+0.61 5.38+0.56 5.40+0.66 13.01 <0.001
BMI (kg/m?) 25.75+3.40 24.37+3.11 23.38+3.46 22.35+3.40 170.9 <0.001
WC (cm) 87.42+9.51 83.40+9.34 80.01+9.62 77.34+9.92 179.6 <0.001
HC (cm) 97.72+6.87 95.85+6.31 93.66+7.19 91.93+7.13 116.3 <0.001
WHR 0.89+0.06 0.87+0.07 0.85+0.07 0.84+0.07 98.91 <0.001
SBP (mm Hg) 121.04+15.30 119.47+14.36 119.12+15.56 118.17+14.59 5.684 0.0007
DBP (mm Hg) 74.97+10.35 73.31+9.48 72.75+10.25 71.62+9.49 17.78 <0.001
TC (mmol/L) 5.14+1.08 5.07+0.97 5.12+1.11 1.20+1.05 2.21 0.085
TG (mmol/L) 2.08+1.42 1.53+1.07 1.33+0.85 1.11+0.72 141.20 <0.001
LDL-C (mmol/L) 3.13+0.88 3.03+0.82 3.03+0.90 3.00+0.91 3.889 0.009
HDL-C (mmol/L) 1.31+£0.48 1.43+0.51 1.53+0.53 1.67+0.56 74.87 <0.001

Data are expressed as mean+SD or medians (IQRs) for skewed variables or numbers (proportions) for categorical variables.
P values were for the X2 or analysis of variance or Z test across the groups. Significant p-values (p < 0.05) were in bold.

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; HC, hip
circumference; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total
cholesterol; TG, triglycerides; WC, waist circumference; WHR, waist-to-hip ratio.

prediagnosis trajectories of adiponectin in individuals who
developed T2DM, Tabdk et al observed lower adiponectin
levels more than a decade before the diagnosis of
diabetes.” Furthermore, in a meta-analysis of 13 prospec-
tive studies in diverse populations, higher adiponectin
levels were consistently associated with a lower risk of
T2DM, and the associations did not differ substantially by
ethnicity, mean BMI, adiponectin measurement method,
diagnostic criteria for diabetes, duration of follow-up or
number of diabetes cases.’ However, the relative risks of
T2DM vary from 0.11 (0.01-0.96) to 1.04 (0.69-1.56) in
different study populations with high levels of adiponectin
after adjusting for different metabolic markers, including
BMI, hypertension and TG.® Therefore, it is still difficult
to exclude the possibility that other metabolic factors are
responsible for such an association in epidemiological
studies.

In addition to being closely related to the occurrence
of abnormal glucose metabolism, accumulating evidence
suggests that adiponectin is significantly inversely
correlated with obesity, hypertension, dyslipidaemia
and insulin resistance, which are well-known risk factors
for diabetes.® '’ '* Extensive studies have shown that the
plasma adiponectin level in overweight or obese popula-
tions is significantly decreased and negatively correlated

with BMI and WC.* ** Adults with hypertension also
have lower mean adiponectin levels than do normoten-
sive adults, and there is an inverse monotonic relation-
ship between adiponectin levels and a future risk of
hypertension.'” In addition, adiponectin was found to be
correlated with various parameters of lipoprotein metab-
olism and is especially associated with the metabolism
of HDL-C and TG.*¥’ Although data on adiponectin-
specific interventions are currently lacking, several life-
style and pharmacological interventions have been shown
to increase adiponectin levels by reducing weight and
improving blood pressure and lipid levels.”® * Epide-
miological studies also found that diabetes risk factors,
such as obesity, hyperlipidaemia and hypertension, often
coexist with T2DM and jointly cause complex metabolic
disorders. MetS is a cluster of factors that include abdom-
inal obesity, hyperglycaemia, dyslipidaemia and hyperten-
sion and also serves as a risk factor for the development
of diabetes.” Additionally, adiponectin is inversely associ-
ated with incidental MetS and each individual trait, which
is accompanied by a graded dose-response relation-
ship.g’l_33 This is concordant with our finding that greater
clusters of diabetes risk factors are associated with lower
adiponectin levels.
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Table 3 The prevalence rate of population with T2DM risk factor according to quartiles of adiponectin

Adiponectin
T2DM risk factor Quartile 1 Quartile 2 Quartile 3 Quartile 4 e P value P value*
High BMI level
No 281 (30.25) 434 (47.54) 553 (61.10) 655 (73.60) 379.29 <0.001 <0.001
Yes 648 (69.75) 479 (52.26) 352 (38.90) 235 (26.40)
High WC level
No 277 (31.33) 393 (45.07) 513 (58.83) 577 (67.80) 266.31 <0.001 <0.001
Yes 607 (68.67) 479 (54.93) 359 (41.17) 274 (32.20)
Obesity
No 195 (21.29) 327 (36.29) 434 (49.32) 534 (61.95) 333.79 <0.001 <0.001
Yes 721 (78.71) 574 (63.71) 446 (50.68) 328 (38.05)
Compound obesity
No 363 (40.47) 500 (56.56) 632 (70.46) 698 (79.41) 326.59 <0.001 <0.001
Yes 534 (59.53) 384 (43.44) 265 (29.54) 181 (20.59)
Hypertension
No 793 (87.33) 811 (90.41) 803 (89.72) 807 (92.44) 13.123 0.004 0.001
Yes 115 (12.67) 86 (9.59) 92 (10.28) 66 (7.56)
Dyslipidaemia
No 219 (23.88) 368 (40.48) 414 (46.15) 401 (46.20) 127.09 <0.001 <0.001
Yes 698 (76.12) 541 (59.52) 483 (53.85) 467 (53.80)

P values were for the x2 analyses across the groups. Significant p-values (p < 0.05) were in bold.

High BMI level was defined as BMI>24.0 kg/m?.

High WC level was defined as a waistline >80 cm for females or >85cm for males.

Obesity was defined as high BMI level or high WC level.

Compound obesity was defined as the combination of high BMI level and high WC level.

Hypertension was defined as SBP>140mm Hg or DBP>90 mm Hg.

Dyslipidaemia was defined as the presence of one or more of the following criteria: TC>5.20 mmol/L or TG>1.70 mmol/L or HDL-C<1.00 mmol/L or

LDL-C>3.4 mmol/L.

*Linear-by-linear association.

BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; SBP,
systolic blood pressure; TC, total cholesterol; T2DM, type 2 diabetes mellitus; TG, triglycerides; WC, waist circumference.

Adiponectin may be a critical link between obesity,
hypertension, dyslipidaemia, insulin resistance and
T2DM. The true extent of adiponectin as a causal inter-
mediate versus concurrent pathological processes of
complex metabolic status remains unknown. Therefore,
itis necessary to consider the different metabolic states of
the population when using adiponectin levels to assess the
risk of diabetes. Although numerous cross-sectional and

prospective studies carried out in populations of various
ethnicities, ages, sexes and physical status (such as obesity,
dyslipidaemia, cardiac disease and nephropathy) have
repeatedly demonstrated that lower adiponectin levels
are consistently associated with a higher risk of T2DM,’
the complex role of clustered diabetes risk factors in the
association between adiponectin and diabetes still needs
to be elucidated.

Table 4 Distribution of population-clustered T2DM risk factors according to quartiles of adiponectin

Groups according to Adiponectin
T2DM risk factors Quartile 1 Quartile 2 Quartile 3 Quartile 4 o P value
Number of risk factors, n (%)
0 76 (10.68) 160 (22.47) 227 (31.88) 249 (34.97) 306.52 <0.001
1 212 (18.14) 313 (26.77) 301 (25.75) 343 (29.34)
2 474 (36.90) 322 (26.44) 264 (21.22) 194 (15.44)
3 92 (40.18) 61 (26.64) 47 (20.52) 29 (12.66)

T2DM risk factors including obesity, hypertension and dyslipidaemia.

P values were for the % analyses across the groups. Significant p-values (p < 0.05) were in bold.

T2DM, type 2 diabetes mellitus.
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Table 5 Adjusted ORs for diabetes and pre-diabetes by quartiles of adiponectin (compared with normoglycaemia population)

Pre-diabetes or diabetes

Pre-diabetes
OR (95% CI)*

1.

Diabetes
OR (95% CI)*

1.00

Distribution of
adiponectin

T2DM risk

OR (95% CI)* P value
1.00

n (%)

P value

n (%)

P value

n (%)

factors (n)

331 (42.54)
262 (37.64)
225 (36.76)
231 (40.81)
264 (46.64)

00

271 (37.74)
235 (35.13)
201 (34.18)
206 (38.08)
213 (41.36)

60 (11.83)
27 (5.86)

24

Quartile 1

0.003

0.71 (0.56 to 0.89)
0.57 (0.44 to 0.72)
0.52 (0.40 to 0.67)

1.00

0.048

0.79 (0.62 to 1.00)

<0.001
<0.001
<0.001

0.38 (0.23 to 0.63)
0.33 (0.19 to 0.55)
0.30 (0.17 to 0.51)

1.00

Quartile 2
Quartile 3
Quartile 4
Quartile 1

<0.001
<0.001

<0.001
<0.001

0.63 (0.49 to 0.81)

(5.84)

0.58 (0.45 to 0.76)

1.

25 (6.94)

00

51 (14.45)
21 (9.10)

0.043
0.009

0.75 (0.57 to 0.99)
0.67 (0.49 to 0.90)
0.61 (0.43 t0 0.87)

1.00

173 (45.17)

0.208
0.043
0.040

0.83 (0.62 to 1.11)

152 (41.99)
124 (42.61)
98 (46.89)

0.005

0.43 (0.24 t0 0.76)
0.46 (0.25 to 0.82)
0.38 (0.18 t0 0.75)

1.00

Quartile 2
Quartile 3
Quartile 4
Quatrtile 1

144 (46.30)
112 (50.22)
55 (59.78)
35 (57.38)
28 (59.57)

0.72 (0.52 to 0.99)
0.68 (0.46 to 0.98)

1.00

0.010

20 (10.70)
14 (11.20)
11 (22.92)
8 (23.53)
4 (17.39)
1 (5.88)

0.007

0.007

44 (54.32)

0.210

0.64 (0.31 to 1.29)

0.229

0.63 (0.30 to 1.33)

27 (50.94)
24 (55.81)

0.345
0.131
0.028

0.57 (0.17 to 1.80)
0.33 (0.07 to 1.30)

Quartile 2
Quartile 3
Quartile 4

0.297

0.66 (0.30 to 1.44)

0.424

0.72 (0.32 to 1.61)

0.010

0.29 (0.11 to 0.73)

13 (44.83)

0.030

0.33 (0.12 to 0.89)

12 (42.86)

0.08 (0.00 to 0.54)

P values were for the x2 analyses across the groups. Significant p-values (p < 0.05) were in bold.

*Adjusted by sex and age.

T2DM, type 2 diabetes mellitus.

To calculate the prevalence of type 2 diabetes and/
or pre-diabetes according to adiponectin level, previous
multivariate regression analyses mainly adjusted following
covariates: age, sex, obesity indicators, blood pressure,
and dyslipidaemia indicators.’ In this study, we aimed to
explore the association between adiponectin levels and
newly diagnosed diabetes and/or pre-diabetes according
to the accumulation of T2DM risk factors (obesity, hyper-
tension and dyslipidaemia). We divided the patients into
three subgroups, characterised by >1, >2 or >3 diabetes
risk factors (obesity, hypertension and dyslipidaemia)
for this purpose. Therefore, covariate adjustments in the
logistic regression analysis only included age and sex,
instead of more confounding factors (such as obesity
indicators, blood pressure and dyslipidaemia indicators).
After analysing the relationship between adiponectin
and the number of risk factors for diabetes, we further
analysed whether the correlation between adiponectin
and the risk of diabetes would be disturbed after grad-
ually increasing the number of risk factors for diabetes.
Intriguingly, our group found that adiponectin was only
associated with glucose metabolism in a population with
more than one diabetes risk factor, while the relation-
ship gradually decreased with an increasing number of
diabetes risk factors. If obesity, hypertension and dyslip-
idaemia coexist, the effect of adiponectin on dysgly-
caemia is significantly reduced. Thus, our study indicates
that the relationship between adiponectin and diabetes
in different metabolic states is complex and should be
regarded by clinicians as a warning sign in clinical appli-
cations. When using adiponectin to construct a clinical
prediction model for diabetes, it is necessary to compre-
hensively consider the complex metabolism of the indi-
vidual. The results revealed that the risk assessment effect
of adiponectin on T2DM is limited, especially in individ-
uals with a complex metabolic status. Thus, we propose
that adiponectin plays a distinctive role in assessing
T2DM risk in subgroups with various diabetes risk factors
(obesity, hypertension and dyslipidaemia). This inter-
esting discovery is thought provoking.

Adiponectin modifies glucose homeostasis, favours
adipose tissue expansion, inhibits renin-angiotensin
system activation and exhibits both anti-inflammatory
and antiatherogenic effects in the regulation of insulin
sensitivity and glucose and lipid metabolism.* Therefore,
serving as a common biological background for these
factors, it is unsurprising that adiponectin may gradually
play a smaller role in diabetes risk assessment in popula-
tions with obesity, hypertension and dyslipidaemia. There
are several possible explanations for these results. On
one hand, it is hypothesised that low levels of adiponectin
are a combined reflection of T2DM and its risk factors,
and T2DM or pre-DM has been latent or has appeared
in the case of three diabetes risk factors. Another possi-
bility is that the role of adiponectin in the risk assessment
is limited. Adiponectin may be partly involved in the
pathogenesis and process of diabetes, which is contrib-
uted to by diabetes risk factors. The occurrence of obesity,
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hypertension and dyslipidaemia has weakened the role of
adiponectin, making it lose its risk assessment capacity for
diabetes. Whether or not the aggregation of other meta-
bolic components will interfere with other metabolic
diseases (such as obesity) and the risk assessment capacity
of adiponectin is not known; this is also an interesting
topic for future investigation. Notably, our study popula-
tion excluded those who were diagnosed with hyperten-
sion and dyslipidaemia, which likely resulted in the fewest
participants having all three traditional diabetes risk
factors. The small number of subgroup samples led to
insignificant differences. In general, our results suggest
that adiponectin should be used cautiously to assess the
risk of diabetes or pre-diabetes in individuals with meta-
bolic disorders.

This study had some limitations. First, it is neces-
sary to highlight that this study had a cross-sectional
design, which only permits association, but not causality,
to be established among different variables. Second,
because this epidemiological study was performed in a
community-based population in Guangzhou and Dong-
guan, China, our findings may not be generalisable to
other populations. To some extent, the population in
the present study was still a convenience sample, and
selection bias was inevitable. Third, FPG and HbAlc
were used for the diagnosis of diabetes in our study,
and the fact that the oral glucose tolerance test was not
used as a diagnostic criterion for diabetes reduced the
observed prevalence of diabetes in our study population.
However, FPG and HbAlc are commonly used as diag-
nostic criteria for diabetes in large-scale epidemiological
investigations.” Thus, it is suggested that our study still
has favourable application prospects and provides the
basis for follow-up scientific research. Last but not least,
due to the exploratory nature of the study, the findings
should be interpreted with caution. Nevertheless, to our
knowledge, the present study is the first population-based
study to explore the association between adiponectin and
diabetes in different metabolic states, which may better
guide clinicians in recognising and applying adiponectin.

CONCLUSIONS

In conclusion, adiponectin may be negatively associ-
ated with diabetes and pre-diabetes in populations with
or without T2DM risk factors, while their relationship
gradually attenuates with the accumulation of T2DM risk
factors, especially in a population with coexisting diseases
such as MetS. Our study indicated that the relationship
between adiponectin and diabetes might be affected by
various metabolic factors and should be considered by
clinicians as a warning sign in clinical application. Clini-
cians should take a rational view of the predictive effects
of adiponectin on dysglycaemia.
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