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Abstract

Objective: Adiponectin is an adipocyte-derived hormone with an important role in glucose Key Words
metabolism. The present study explored the effect of adiponectin in diverse population
groups on pre-diabetes and newly diagnosed diabetes.

Methods: A total of 3300 individuals were enrolled and their data were collected in the
analyses dataset from December 2018 to October 2019. Cluster analysis was conducted
based on age, BMI, waistline, body fat, systolic blood pressure, triglycerides, and
glycosylated hemoglobin 1c. Cluster analysis divided the participants into four groups:

a young-healthy group, an elderly-hypertension group, a high glucose-lipid group, and
an obese group. Odds ratio (OR) and 95% Cls were calculated using multivariate logistic
regression analysis.

Results: Compared with the first quartile of adiponectin, the risk of pre-diabetes of fourth
quartile was decreased 61% (aOR = 0.39, 95% Cl (0.20-0.73)) in the young-healthy

group; and the risk of diabetes of fourth quartile was decreased 85% (aOR=0.15,

95% Cl (0.02-0.67)) in the obese group. There were no significant correlations between
the adiponectin level and diabetes/pre-diabetes in the other two groups. Additionally,
receiver operating characteristic curve analysis indicated that adiponectin could
significantly improve the diagnosis based on models in the young-healthy group (from
0.640 to 0.675) and the obese group (from 0.714 to 0.761).

Conclusions: Increased adiponectin levels were associated with decreased risk of pre-
diabetes in the young-healthy population, and with a decreased the risk of diabetes in the
obese population. An increased adiponectin level is an independent protective factor for
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Introduction

Diabetes mellitus is a global public health issue that
causes huge economic and medical burdens worldwide.
The prevalence of diabetes has increased over the past few
decades, especially in Asian population (1). A national
cross-sectional study, which included 75,880 Chinese
adults showed that the prevalence of total diabetes and pre-
diabetes, according to the American Diabetes Association
(ADA) criteria, reached 12.8 and 35.2%, respectively (2).
Moreover, 70% of patients with pre-diabetes will eventually
develop full diabetes, according to an ADA expert panel (3).

Adiponectin, one of the most abundant peptides
secreted specifically by adipocytes, has been shown to
improve insulin resistance and inflammatory status (4).
Adiponectin reduction plays a central role in obesity-
related diseases, including insulin resistance, type
2 diabetes mellitus (T2DM), lipid homeostasis, and
cardiovascular disease (5, 6, 7). Accumulating evidence
shows that higher adiponectin levels are associated with
lower risk of T2DM (8). A meta-analysis including 15
case-control studies indicated that the circulating level of
adiponectin might decrease before the onset of diabetes
(9). Therefore, it is important for investigators to have a
thorough understanding of adiponectin and its effect on
pre-diabetes and diabetes.

However, evidence for the effect of adiponectin on
pre-diabetes or diabetes in diverse populations is sparse.
A cohort study conducted in elderly patients in Korea
suggested that obesity, insulin resistance, and aging
are closely related (10). That study found that plasma
adiponectin levels were lower in elderly pre-diabetes
individuals than those with normal glucose tolerance. A
3-year prospective study enrolled 175 overweight and obese
subjects found that the plasma adiponectin concentration
was a sensitive predictor of impaired fasting glucose (IFG)
(11). However, the number of subjects was relatively small.
Another study included 91 middle-aged Asian Indian
subjects observed that a low adiponectin concentration
was a strong predictor of future development of diabetes
in subjects with impaired glucose tolerance (IGT) (12).
However, their conclusions might not be applicable to
other populations.

Cluster analysis refers to a group of multivariate
mathematical algorithms, which has the advantage of
producing a more adjustable classification and is widely
used in clinical research statistical analysis (13, 14). The present
study enrolled 3300 individuals with the aim of exploring
the effect of adiponectin in different characteristic groups
using cluster analysis on pre-diabetes and newly diagnosed
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diabetes. Further analysis of subgroups might provide new
evidence linking adiponectin to diabetes development.

Subjects and methods
Study populations

The study population was collected by a cross-sectional
studyin Guangzhouand Dongguan, China, from December
2018 to 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 community, Zhangmu
community, Daojiao community, Qiaotou community,
Songshan lake community, Qingxi community, Zhang’an
community, and Meinian Physical Examination Center).
Subjects that met the inclusion criteria were asked to
complete a questionnaire, and were subjected to physical
examination, laboratory tests, and serum adiponectin
measurement. Inclusion criteria: (i) 18-70 years old; (ii)
Chinese Han population; and (iii) residents who lived in
those regions for >3 years. Exclusion criteria: (i) Pregnant
women,; (ii) those who suffer from severe diseases, such as
hepatic cirrhosis, chronic renal failure, or evident cardiac
insufficiency; (iii) those with a history of infectious
disease; (iv) those with a history of malignant tumors; (v)
those with diagnosed as hypertension, hyperlipidemia, or
cardiovascular and cerebrovascular diseases; (vi) those with
other endocrine diseases; (vii) those with mental illness;
and (viii) those who have used drugs, dietary supplement,
functional foods for a long time (>3 times/week for more
than 3 months).

During the recruitment phase, 3866 individuals
signed the informed consent form and were enrolled for
this study. Subjects who failed to provide blood glucose
information (n = 171) and with a history of diabetes (n=13)
were excluded. In addition, individuals who failed to
provide information (age, n=10; fasting blood glucose
(FBG), n=2; BMI, n=43; systolic blood pressure (SBP),
n=105; triglycerides (TG), n=14; waistline, n=195, or
body fat, n=218) were excluded from this analysis dataset.
A total of 3300 subjects were included in the final data
analyses. Written informed consent was obtained from
each participant before data collection.

Measurements

All participants completed anthropometrical
measurement with the assistance of trained staff using
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standard protocols. The height and weight are recorded
separately, and the units were accurate to 0.1 cm and 0.1
kg, respectively. Participants were required to remove
their shoes and wear light indoor clothing during the
measurement. BMI was calculated as weight in kilograms
divided by height in meters squared (kg/m?). Waist
circumference (WC) was measured at the umbilicus
and the hipline was measured at the widest level over
the great trochanters with measurement accuracy of
0.1 cm. Blood pressure measurements were obtained
using an automated electronic device (OMRON, Omron
Company, Shanghai, China) after the subjects had sat
for 5 min.

Venous blood samples were collected and stored at
—80°C for laboratory tests after an overnight fasting of
at least 10 h. Measurement of fasting plasma glucose
(FPG), TG, total cholesterol (TC), LDL-C, and HDL-C
were performed wusing an autoanalyser (Beckman
CX-7 Biochemical Autoanalyser, Brea, CA, USA).
HemoglobinAlc (HbAlc) was assessed by HPLC (Bio-
Rad). Adiponectin was detected by latex-enhanced
immunoturbidimetry (catalog number: 20182400947)
using automatic biochemical analyzer (Mindray,
20152401201). The intraassay coefficients of variation
(CV) were less than 10.0%, and the interassay CVs were
less than 15.0%.

Definitions of pre-diabetes and diabetes

According to the ADA diagnostic criteria (15), diabetes is
defined as FPG > 7.0 mmol/L or HbA1C >6.5%. Pre-diabetes
including IFG and/or IGT. IFG defined as FPG value >5.6
mmol/L but <6.9 mmol/L and HbA1C >5.7 mmol/L but
<6.4 mmol/L. IGT defined as FPG value <7.0 mmol/L and
HbA1C>5.7 mmol/L but <6.4 mmol/L.

Cluster analysis

Model
representativeness of disease features and their clinical
relevance. Age (years), BMI (kg/m?), waistline (cm), body
fat (%), SBP (mmHg), TG (mmol/L), and glycosylated
hemoglobin 1c (HbAlc) (%) were chosen for cluster
analysis. Cluster analysis was performed on values centered
to a mean value of 0 and a s.D. of 1. Two-Step clustering,
in which the first step estimates the optimal number of
clusters on the basis of the silhouette width and the second
step performs hierarchical clustering, was carried out in
R-Studio version 3.6.1 for 2-15 clusters. K-means clustering

variables were selected based on the
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was performed with a k value of 4 using the kmeansruns
function (runs=100) in the fpc packages.

Statistical analysis

Continuous variables with a normal distribution are
presented as mean * S.D. Differences between groups were
tested using one-way ANOVA, and post hoc comparisons
were performed using Bonferroni correction. Continuous
variables with a non-normal distribution are presented
as medians (interquartile ranges) and difference
among groups were assessed using a Kruskal-Wallis
test. Categorical variables are expressed as numbers
(proportions).  Comparisons categorical
variables were performed using the y? test. Unadjusted
and multivariate-adjusted logistic regression analysis
was used to assess the factors influencing the increased
prevalence of pre-diabetes and diabetes. Odds ratios (ORs)
and their corresponding 95% Cls were calculated using
logistic regression models. Nomograms were established
based on the results of multivariable analysis. Receiver
operating characteristic (ROC) curves were plotted in order
to investigate the associations of adiponectin with pre-
diabetes in cluster 1 and diabetes in cluster 4. All statistical
analyses were performed using R-Studio version 3.6.1.
Statistical tests were two-sided, and a P value <0.05 was
considered statistically significant.

between

Results
Cluster analysis

A total of 3300 subjects were included in the analysis
dataset. Age (years), BMI (kg/m?2), waistline (cm), body
fat (%), SBP (mmHg), TG (mmol/L), and HbAlc (%) were
chosen for cluster analysis. The subjects were classified
into four novel subgroups using cluster analysis. Cluster
1, including 1298 (39.3%) of 3300 clustered subjects,
was termed the young-healthy population, which was
characterized by young age, relatively low obesity-related
indicators (BMI, waistline, and body fat), and a normal
range of SBP, HbA1c, and TG levels. Cluster 2, including 930
(28.2%) subjects and was termed the elderly hypertension
population, which was characterized by older age, high
SBP levels, relatively low obesity-related indicators (BMI,
waistline, and body fat), normal glucose (HbAlc), and
lipid (TG) levels. Cluster 3, termed the high glucose-lipid
population, included 49 (1.5%) subjects, was characterized
by high levels of HbAlc and TG levels, older age, and
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relatively high levels of obesity-related indicators and SBP.
Cluster 4, including 1023 (31.0%) subjects, was termed
the obese population and was characterized by high BMI,
waistline, and body fat, and relatively high glucose-lipid
and SBP levels. Distributions of age, HbAlc, BMI, waistline,
body fat, SBB, and TG in the analysis dataset for clusters are
shown in Fig. 1. The basic clinical characteristics according
to the clusters are presented in Table 1.

Multivariate regression analysis

Logistic regression analysis was used to explore the
relationship between adiponectin and pre-diabetes or
diabetes in the different populations (Table 2). In the
total dataset, compared with subjects in quantile 1 of the
adiponectin level, the unadjusted model showed that
subjects in quantiles 2-4 had a significant correlation with
decreased odds of pre-diabetes and diabetes. In addition,
adiponectin was identified as an independent protective
factor of pre-diabetes and diabetes after adjustment by
confounding factors, including sex, age, BMI, waistline,
body fat, and SBP. However, the independent protective
effect of adiponectin was weakened when further adjusted
by TG and LDL-C (the P-values were 0.014 and 0.038,
respectively, for pre-diabetes and diabetes, respectively).
We further investigated the relationship between
adiponectin and pre-diabetes and diabetes in the different
clusters (Table 2). As the quantile of adiponectin increased,
the odds of pre-diabetes decreased in cluster 1 after adjusted
by models 1-5. In model 5, the ORs of the decrease in pre-
diabetes with increasing adiponectin quantile were 1.00
(reference), 0.82 (95% CI 0.50-1.35; quantile 2), 0.59
(95% CI 0.34-1.02; quantile 3), and 0.39 (95% CI 0.20-0.73;
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quantile 4). Similar trend was detected in cluster 4, the ORs
of decreased diabetes with increasing adiponectin quantile
were 1.00 (reference), 0.88 (95% CI 0.40-1.90; quantile
2), 0.44 (95% CI 0.14-1.20; quantile 3), and 0.15 (95% CI
0.02-0.67; quantile 3). The results showed that
adiponectin was significantly associated with diabetes
but not for pre-diabetes in cluster 4. However, there were
no correlation between adiponectin and pre-diabetes
or diabetes in clusters 2-3 in our study. The nomogram
models are shown in Figs 2 and 3.

Nomograms and ROC curves

The associations of adiponectin with pre-diabetes in
cluster 1 and diabetes in cluster 4 were further explored
using nomogram models and ROC curves. As shown in Figs
2 and 3, significant influencing factors in the multivariate
logistic model (age, sex, waistline, BMI, SBP, body fat,
TG, and adiponectin) were included in a nomogram
model to evaluate the risk of pre-diabetes and diabetes,
respectively. By taking a 30-year-old male as an example,
drawing an upward vertical line from the age variable
axis to the Point bar gets a point of 10. Male gets a point
of 30. If the adiponectin of this individual is 4 mg/L, the
point corresponding to the adiponectin variable is 78. If
the waistline is 85 cm, the corresponding point is 40. If
the BMI is 24 kg/m?, the corresponding point is 35. If the
SBP is 120 mmHg, the corresponding point is 14. If the
body fat is 20%, the corresponding point is 43. If the TG is
3.6 mmol/L, the corresponding point is 30. The total points
equal to 280 (10+30+78+40+35+14+43+30). Thus,
the risk of pre-diabetes is approximately 20% when we
draw a straight line from the total point axis to the risk of
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Distribution of the analysis dataset in the types of clusters. Red, data for cluster 1; green, data for cluster 2; blue, data for cluster 3; and purple, data for

cluster 4.
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Table 1 Clinical and anthropometric characteristics of different clusters.
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Types of clusters

Variables Cluster 1 Cluster 2 Cluster 3 Cluster 4 F/y? P
Gender

Male 521 (33.2) 431 (27.4) 29(1.9) 590 (37.6) 73.814 <0.001

Female 777 (44.9) 499 (28.9) 20(1.2) 433 (25.0)
Age (years) 35+8.8 59 + 8,22 51 + 10.2@ 46 + 12.33bc 225.6 <0.001
Height (cm) 162.3+8.2 159.5 +8.72 163.1+7.9° 163.0 £9.0° 8.203 0.004
Weight (kg) 57.6 £9.0 58.1 +8.5 70.9 + 13.82° 73.8 £ 10.320 1799.00 <0.001
BMI (kg/m?) 21.8+2.3 22.8+2.1° 26.5 + 3,920 27.7 + 2.73¢ 3651.00 <0.001
Waistline (cm) 74.7 +7.4 80.6 + 6.72 90.5 + 10.920 92.3+7.0% 3553.00 <0.001
Hipline (cm) 91.2+5.9 92.6 +5.22 98.3 + 6.9%° 101.2 + 5.8%¢ 1824.00 <0.001
WHR 0.82 +0.06 0.87 + 0.06? 0.92 +0.0720 0.91 + 0.062° 1403.00 <0.001
Body fat (%) 23.6£6.2 27.6 £6.2° 29.0 £ 6.42 31.9 + 7.43bc 879.90 <0.001
SBP (mmHg) 111 +10.7 126 +14.22 126 + 20.1° 125+ 14.42 489.30 <0.001
DBP (mmHg) 69 +8.0 76 +9.32 77 £10.12 77 +10.320 396.50 <0.001
TC (mmol/L) 4.82 +0.91 5.45 +1.022 5.86 + 1.46%° 5.31 +0.12% 108.90 <0.001
TG (mmol/L) 1.10 £ 0.62 1.38 £0.74° 3.92 + 3.852 1.34 £ 2.092¢ 549.7 <0.001
LDL-C (mmol/L) 2.79+0.73 3.25+0.912 3.21+1.192 3.20 £ 0.942 103.20 <0.001
HDL-C (mmol/L) 1.51 £0.39 1.57 £0.62 1.35 + 0.60P 1.40 + 0.642 27.69 <0.001
Adiponectin (mg/L) 4,55 +1.90 5.32+2.752 2.92 + 1.663 3.43 + 1.66% 201.50 <0.001
FBG (mmol/L) 4,76 £0.48 5.12 + 0.642 10.22 +3.192° 5.14 + 0.69%¢ 138.20 <0.001
HbA1c (%) 5.14 +0.38 5.63 +0.462 8.38 £ 2.10% 5.50 + 0.482b¢ 209.90 <0.001

Data were expressed as mean t s.p., all of the P value were calculated by post hoc comparisons using Bonferroni correction. Bold indicates statistical

significance.

3P < 0.05 compared with subjects in cluster 1; °P< 0.05 compared with subjects in cluster 2; °P < 0.05 compared with subjects in cluster 3.

pre-diabetes axis (Fig. 2). Moreover, our study also
investigated the association of adiponectin with pre-
diabetes in cluster 1 and diabetes in cluster 4 using ROC
curves (Fig. 4). As shown in Fig. 4A, compared with
the combined mode (black), which included age, BMI,
waistline, body fat, and SBP, the area under the ROC curve
(AUC) valve increased from 0.640 to 0.682 when the
indicators (TG, LDL-C, and adiponectin) were added to
the combined mode. Similarly, the AUC valve increased
from 0.724 to 0.779 when the combined mode added TG,
LDL-C, and adiponectin, as shown in Fig. 4B.

Discussion

The present study enrolled 3300 individuals and
explored the effect of adiponectin on pre-diabetes and
newly diagnosed diabetes using cluster analysis. Several
interesting and important points were revealed by our
study. Adiponectin was identified as an independent
protective factor for pre-diabetes in young-healthy
adults, as well as for diabetes in obesity adults. However,
adiponectin was not considered an independent factor for
pre-diabetes or diabetes in the elderly hypertension and
high glucose-lipid clusters.

Similar to previous studies, our results showed that
adiponectin is correlated negatively with pre-diabetes and

newly diagnosed diabetes in the total study population.
These connections were weakened after additional
adjustment by TG and LDL-C. It is widely recognized
that hypertriglyceridemia is an important feature of
lipid metabolism abnormality in patients with T2DM.
Snijder’s study suggested that TG substantially reduce the
associations between adiponectin and the incidence of
T2DM (16). Adiponectin was reported to be involved in
the regulation of lipid and glucose metabolism, and could
promote triglyceride-rich lipoprotein catabolism, which in
return, leads to lower TG levels (17).

In the present study, increased adiponectin level had
an independent protect effect on pre-diabetes in young-
healthy adults. One study that recruited 542 Chinese
young people demonstrated that adiponectin level was
associated with isolated IGT rather than isolated IFG
(18). Their study indicated that alterations in adipokine
concentrations had already been detected in IGT states,
which might reflect adipose tissue dysfunction as an early
event in the development of T2DM. A biracial cohort study
showed a decreased adiponectin level is a powerful risk
marker for the incidence of pre-diabetes in healthy White
and Black adults with a parental history of T2DM (19).
However, the participants were the offspring of parents
with T2DM and thus the results might not be applicable to
individuals that without a family history of diabetes or the
general population.
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Adiponectin and diabetes risk

in south China

We found that increased adiponectin level had an
independent protective effect on diabetes in obese people.
Obesity-associated diabetes has caused a healthcare crisis
worldwide. A 5-year prospective study of nondiabetic
Japanese Americans found that higher concentration
of adiponectin could reduce the accumulation of
intraabdominal fat (20). Another study that enrolled 85
healthy participants and 38 newly diagnosed diabetes
patients (19 with a normal BMI and 17 who were obese)
indicated that the adiponectin level in newly diagnosed
obese patients with T2DM was lower than those who
had normal BMI after adjusting by BMI and WC (21).
The study presumed that patients with T2DM who are
obese exhibit more severe insulin resistance status than
those with normal BMI. A previous study also stated that
adiponectin replacement therapy has a preventive effect
for patients with T2DM by decreasing insulin resistance
(22). However, Mather’s study enrolled participants
receiving treatment, and it came to a different conclusion
that baseline adiponectin levels were strongly and
inversely related to progression to diabetes independent
of obesity, which demonstrated the separate associations
of weight and adiponectin with progression to
diabetes (23).

There were no correlations between adiponectin and
pre-diabetes or diabetes in clusters 2 and 3 in our study.
Our results showed that the adiponectin levels in cluster
2 were significantly higher than those in cluster 1, and the
adiponectin levels of cluster 3 were significant lower than
those in cluster 1. However, the adiponectin level was not
an independent risk factor of diabetes or pre-diabetes in
cluster 2 or cluster 3. It was observed that the adiponectin
concentration is higher in older adults than young
adults. One study regarded adiponectin resistance as an
explanation for the higher adiponectin level with age (24).
Previous research found that plasma adiponectin levels
were lower in elderly subjects with pre-diabetes than in
subjects with normal glucose tolerance (10). They believed
that a decline in plasma adiponectin levels is accompanied
by an increase in insulin resistance. A 5.5-year follow-up
study including 629 Caucasian women found that a low
concentration of serum adiponectin was an independent
predictive factor for T2DM (25). A Portuguese study
demonstrated that the adiponectin levels in elderly T2DM
patients were closely linked to obesity and the duration
of the disease. Plasma adiponectin levels were significant
lower in elderly (=65 years old) T2DM subjects compared
with normal subjects (26). However, no similar result was
found after statistical adjustment for length of disease and
BMI. In our study, cluster 3 was characterized by high levels
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Figure 2

Factors influencing pre-diabetes in the multivariate logistic analysis in the nomogram model. According to the clinical and anthropometric characteristics
of the subjects, the total points were counted. The pre-diabetes rate was matched with total points.

of HbAlc and TG, relatively older age, and increased levels
of obesity-related indicators and SBP. HbA1lc and TG levels
are the two main biomarkers for metabolic syndrome. In
addition, diabetes is strongly related to high glucose level
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(FBG, post-prandial blood glucose (PBG), IFG, and IGT)
(27). Therefore, increasing adiponectin might not be an
independent protective factor of pre-diabetes or diabetes
in cluster 3.
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Figure 3

Factors influencing diabetes in the multivariate logistic analysis in the nomogram model. According to the clinical and anthropometric characteristics of
the subjects, the total points were counted. The diabetes rate was matched with total points.
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ROC curve of the association of adiponectin with pre-diabetes in cluster 1
(A). Black curve, combined mode (represents the predictive ability of age,
BMI, and SBP for pre-diabetes), the AUC is 0.640; green curve, combined
mode added with TG and LDL-C, the AUC is 0.665; red curve, combined
mode added with TG, LDL-C, and adiponectin, the AUC is 0.682. ROC
curve of association of adiponectin with diabetes in cluster 4 (B). Black
curve, combined mode (represents the predictive ability of age, BMI, and
SBP for diabetes), the AUC is 0.724; green curve, combined mode added
with TG and LDL-C, the AUC is 0.738; red curve, combined mode added
with TG, LDL-C, and adiponectin, the AUC is 0.779.

Adiponectin and diabetes risk
in south China

The ROC curve in our study showed that the AUC
valve increased after adding TG, LDL-C, and adiponectin
to cluster 1 and cluster 4, which suggested that adiponectin
could strengthen the prediction of future pre-diabetes
in young-healthy people and future diabetes onset in
obese people. A 10-year prospective study including 912
participants concluded that adiponectin was associated
with newly onset pre-diabetes and T2DM (28). However,
the participants in that study were middle-aged adults in
a rural area of Korea, and thus the conclusions might not
applicable to people of various ages and races.

Our study has several limitations. First, the newly
diagnosis of diabetes were not classified. However, most
type 1 diabetes is diagnosed in childhood or during early
adulthood. The average age of the participants in our study
was 45.7 + 14.0 years old, thus we considered that the
newly diagnosed diabetes in our study was mainly T2DM.
Second, confounding factors, such as smoking history,
alcohol, and education were not excluded. Third, this cross-
sectional study cannot conclusively determine causality or
exclude biases and confounding caused by unmeasured
variables. Besides, the precise time-course of adiponectin
concentrations in plasma during the development of
diabetes remains to be determined. In addition, only
Chinese population data was collected in this study, thus
the conclusion may not be applied to other ethnic groups.

Collectively, our results showed that an increasing
serum adiponectin level was an independent protective
factor for pre-diabetes and diabetes in the young-healthy
population and for diabetes in the obese population.
Adiponectin might play an important role in abnormal
glucose metabolism. These effects could be influenced by
lipids and other confounding factors, and might not be
applicable to the whole population. Our results indicated
that we need to pay attention to decreased adiponectin
levels in young-healthy and obese people during clinical
practice and sub-classification might help to improve
patient management.
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