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ABSTRACT

Aims/Introduction: The increase in the number of patients with type 2 diabetes
mellitus is an important concemn worldwide. The goal of this study was to investigate
factors involved in the onset of type 2 diabetes mellitus, and sex differences in long-term
follow up of people with normal glucose tolerance.

Materials and Methods: Of 1,309 individuals who underwent screening at our facility
in 2004, 748 individuals without diabetes were enrolled. Correlations of metabolic markers
including serum adiponectin (APN) with onset of type 2 diabetes mellitus were examined
over 15 years in these individuals.

Results: The Kaplan—-Meier curve for onset of type 2 diabetes mellitus for 15 years in
the decreased APN group was examined. Hazard ratios for the APN concentration for
onset of diabetes were 1.78 (95% confidence interval [Cl] 1.20-2.63, P = 0.004) in all
participants, 148 (95% Cl 096-2.29, P = 0.078) for men and 3.01 (95% Cl 1.37-6.59,

P = 0.006) for women. During the follow-up period of 15 years, body mass index,
estimated glomerular filtration rate, fatty liver, C-reactive protein and alanine
aminotransferase in men were significant in univariate analysis, but only estimated
glomerular filtration rate and fatty liver were significantly related to onset of type 2
diabetes mellitus in multivariate analysis. In women, body mass index, systolic blood
pressure, triglyceride, fatty liver and APN were significant in univariate analysis, and APN
was the only significant risk factor in multivariate analysis (P < 0.05).

Conclusions: There are differences between men and women with regard to targets
for intervention to prevent the onset of type 2 diabetes mellitus. Individuals requiring
intensive intervention should be selected with this finding to maximize the use of limited
social and economic resources.
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INTRODUCTION nephropathy, dialysis and the high associated rate of cardiovas-

The increase in cases of type 2 diabetes mellitus is an impor-
tant concern worldwide, and has been suggested to be due to
genetic, environmental and lifestyle factors. Diabetes is a sys-
temic disease, and medical costs for complications, such as
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cular events, are causing problems in many countries' *. Onset
of type 2 diabetes mellitus is linked to insulin resistance and
decreased insulin secretion. Insulin resistance is difficult to eval-
uate clinically, but some risk factors have been identified. These
include adiponectin (APN), which has been widely reported to
reflect insulin sensitivity™®.
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Adiponectin (Acrp30, adipoQ) was discovered through com-
plementary deoxyribonucleic acid cloning” ', and there is
increasing evidence that hypoadiponectinemia is involved in the
pathogenesis of atherosclerosis and insulin resistance'*'>. In
transgenic or knockout mice and other studies, APN mediates
features of metabolic syndrome, including obesity, insulin resis-
tance, type 2 diabetes mellitus, coronary heart disease and
lipodystrophy'>'>. In addition to improving insulin resistance,
APN might have anti-inflammatory, anti-arteriosclerosis and
anti-cognitive effects’. Receptors for APN have been identified
and APN-related therapeutic agents are being developed'. Sig-
nal transduction has been linked to APN activation of 5 ade-
nosine monophosphate-activated protein kinase, and to binding
of T-cadherin to APN receptors R1 and R2'*'®. APN is also
important in gestational diabetes'’, and low APN has recently
been associated with aggravation of coronavirus disease-2019
infection'®.

There have been some reports on serum adiponectin levels
and the onset of diabetes. Here, we re-examined the results of
15-year follow up of individuals with normal blood glucose
who attended our Preventive Medicine Research Center, and
onset of type 2 diabetes mellitus was evaluated based on vari-
ous clinical indicators, including serum APN, and by sex, with
the goal of identifying risk factors for identification of individu-
als in whom early-stage interventions should be implemented
to prevent diabetes onset.

MATERIALS AND METHODS

A total of 1,309 people visited the Preventive Medicine
Research Center at Asahi General Hospital, Asahi, Japan, from
April 2004 to March 2005. A total of 748 of these individuals
were included in the present study (Figure 1). People who did
not visit for 1,000 days after the first visit were excluded. Fatty
liver was diagnosed by abdominal ultrasound echography. Four
criteria used for this diagnosis (hepatorenal echo contrast, liver
brightness, deep attenuation and vascular blurring) were evalu-
ated by hepatologists'®. Type 2 diabetes mellitus was diagnosed
based on fasting plasma glucose (FPG) >126 mg/dL, glycated
hemoglobin (HbAlc) >6.5% (46.57 mol/mol), postprandial
plasma glucose >200 mg/dL, self-reported diagnosis by a physi-
cian and/or taking insulin or an oral antidiabetic agent.

The onsets of diabetes were confirmed at the visits for health
checkup, because all participants did not visit every vyear.
Hypertension was diagnosed based on systolic blood pressure
>140 mmHg or diastolic blood pressure >90 mmHg; obesity
was defined as body mass index (BMI) >25 kg/m® according to
Japanese standard categories; and dyslipidemia was diagnosed
based on low-density lipoprotein cholesterol >140 mg/dL, high-
density lipoprotein cholesterol <40 mg/dL or fasting triglyceride
>150 mg/dL. Current and past smokers were defined as smok-
ers, and those who had never smoked were defined as non-
smokers. Serum APN was measured by enzyme-linked
immunosorbent assay to detect monomeric APN (Otsuka,

Tokyo, Japan).

http://wileyonlinelibrary.com/journal/jdi

Statistical analysis

Baseline characteristics are presented as means (+standard devi-
ation) for continuous variables, as a number (%) for categorical
variables and stratified by sex. A receiver operating characteris-
tic curve was drawn for APN levels with onset of diabetes as
an event, and the APN level giving the best sensitivity and
specificity was determined. Participants were divided into those
in which APN was high (>6.53 pg/mL) and low (<6.53 pg/mlL)
in all participants, high (>5.36 pug/mL) and low (<5.36 pg/mL)
in men, and high (>8.52 ng/mL) and low (<8.52 pg/mL) in
women. Univariate analysis was carried out using the Kaplan—
Meier method and a competing risks model. Changes in serum
APN over time were examined by the paired t-test and strati-
fied by sex. To identify predictors of onset and risk factors for
developing diabetes, factors found to be significant in univariate
analysis were included in multivariate analysis using a Fine—
Gray model. Statistical significance was defined as P < 0.05 in
all analyses. All analyses were carried out using R ver. 4.0.3
with the package survival (https://www.r-project.org/ accessed
11 October 2020).

RESULTS

Of the 1,309 participants who underwent screening at our facil-
ity in 2004, 1,199 were approved for measurement of APN, of
whom 283 were diagnosed with diabetes or diabetic plasma
glucose and hemoglobin abnormalities, and 916 did not have
diabetes (Figure 1). Among the participants without diabetes,
162 with a short follow-up period were excluded, along with
five cases with participants and one participant diagnosed with
nephrotic syndrome after 2004. Finally, 748 participants were
included in the study.

In 15 years, 108 participants (83 men, 25 women) developed
diabetes, and 630 participants (447 men, 193 women) did not
develop diabetes. Comparison of baseline parameters between
the onset and non-onset groups (Table 1) showed significant
differences in age, obesity, FPG, postprandial plasma glucose,
HbAlc, eGFR, uric acid, alanine aminotransferase (ALT), fatty
liver and serum APN. There were significant differences in age,
obesity, FPG, postprandial plasma glucose, HbAlc, eGFR, CRP,
ALT and fatty liver in men; and in hypertension, FPG, HbAlc,
uric acid and fatty liver in women.

The areas under the curve in receiver operating characteristic
analysis for APN and onset of diabetes for 15 years were 0.59
in all participants, 0.55 (95% confidence interval [CI] 0.49—
0.62) in men and 0.63 (95% CI 0.50-0.76) in women (Fig-
ure 2a—c). Using the cut-off for the APN concentration (Fig-
ure 2), Kaplan—Meier analysis for onset of diabetes for 15 years
showed hazard ratios for the APN concentration of 1.78 (95%
CI 1.20-2.63, P =0.004) for all participants, 1.48 (95% CI
0.96-2.29, P = 0.078) for men and 3.01 (95% CI 1.37-6.59,
P =0.006) for women, with significant differences for all par-
ticipants and for women (Figure 3a—c).

Changes in serum APN over time were examined by the
paired f-test for 190 men and 80 women who were examined

38 J Diabetes Investig Vol. 14 No. 1 January 2023

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd


https://www.r-project.org/

http://wileyonlinelibrary.com/journal/jdi

April 15t 2004-March 31, 2005
Health check participants
1,309

ORIGINAL ARTICLE
Predictive factors for type 2 diabetes

Not examined for APN

110

Approval for APN
1,199

Diabetes and abnormal Hb

283

Non-diabetes
916

No visit for subsequent 1,000 days

Non-diabetes at baseline
754

162

Cancer, nephrotic syndrome

Final participants
748

[

I

or renal failure
6

Diabetes
in 2020
108

Non-diabetes
in 2020

Figure 1 | Flow diagram of selection of participants at baseline. APN, adiponectin; Hb, hemoglobin.

at 3 and 5 years after baseline. APN levels at baseline and after
3 and 5 years were 6.3 + 2.8, 6.4 = 3.0 and 6.5 £ 3.1 ug/mlL,
respectively, in men (Figure 4a), and 11.2 + 52, 11.8 + 5.6 and
10.9 £ 5.5 pg/mL in women (Figure 4b). There were no signifi-
cant changes from the baseline levels of APN.

Univariate and multivariate analyses were used to examine
factors that influenced the onset of type 2 diabetes for 15 years.
In all participants, BMI, triglyceride, eGFR, fatty liver, CRP,
ALT and APN (<6.53 pg/mL) were significant factors in uni-
variate analysis, but only BMI, eGFR and fatty liver remained
significant in multivariate analysis, and APN was no longer sig-
nificant (Table 2). In men, BMI, eGEFR, fatty liver, CRP and
ALT were significant in univariate analysis, but only eGFR and
fatty liver were significant in multivariate analysis; whereas in
women, BMI, systolic blood pressure, triglyceride, fatty liver
and APN were significant in univariate analysis, and APN was
the only significant risk factor in multivariate analysis. Some
participants died during the 15-year observation period, but the
causes of death were not due to cardiovascular events (data not
shown).

DISCUSSION

In the present study, we analyzed the relationship between
APN, which is related to insulin resistance that occurs in the
early stage of diabetes, and onset of diabetes in long-term

follow up. Onset of diabetes involves many lifestyle-related and
genetic factors, and low serum APN was found to be an impor-
tant predictor, especially in women. However, there was no sig-
nificant change in APN levels found for 5 years, suggesting
that it might be difficult to elevate serum APN only by
lifestyle-related improvement. The area under the curve, speci-
ficity and sensitivity of the APN level for diabetes onset were
not high, even in women. This might be because onset of dia-
betes involves many factors, including insulin resistance, insulin
secretion and genetic factors using genome-wide polygenic
scores, and it might not be possible to find an association with
a single factor, such as the APN level*>*.

Kaplan—Meier analysis showed a significant increase in onset
of type 2 diabetes mellitus over 15 years in all participants and
in women with low APN. The significant effect of low APN in
all participants was influenced by the data in women, which
shows that it is important to evaluate onset of diabetes sepa-
rately for men and women. In multivariate analysis, the APN
level was a significant factor for onset of type 2 diabetes melli-
tus in women. There was a difference in the baseline level of
APN in men and women, and the threshold of APN level at
the onset of diabetes might differ between men and women®>?’,
Female hormones affects APN levels”, and although APN
decreases after menopause in women, it might still be a factor
associated with the onset of diabetes. A cross-sectional study of

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 2 | Receiver operating characteristic curves for APN levels with onset of diabetes. Areas under the curve (AUCs) of the receiver operating
characteristic curves for APN are shown for (a) all participants, (b) men and (c) women.

the onset of diabetes in men and women suggested differences
in metabolic indicators as a result of differences in fat distribu-
tion®”, The prevalence of the onset of diabetes also differs by
sex, and women are older at the time of onset*>”°. Factors that
affect the onset of diabetes include the androgen/estrogen ratio,
body composition and energy consumption*>*’.

Several studies have examined the relationship of serum
APN levels with insulin sensitivity and arteriosclerosis, and a
cross-sectional meta-analysis study showed the relationship
between the level of circulating APN and prediabetes™, but not
so many reports have considered APN and onset of type 2 dia-
betes mellitus by follow-up studies. Follow-up periods have var-
ied in meta-analyses””°, and have been shorter than that in
the current study. The Framingham study also had a relatively
short observation period, but the onset of diabetes was found
to be low in participants with high APN levels®. The well-
known Diabetes Prevention Program also reported a short-term
relationship between the onset of diabetes and adiponectin
levels. In this paper, even with bodyweight adjusted, adiponec-
tin levels were an important factor in the development of dia-
betes across races and sexes™’. Although the follow-up periods
were not long in Japan, there are some reports on adiponectin
levels and the onset of diabetes’’. However, the difference
between men and women has not been considered. Based on
these previous studies, one strength of the present study is the
long follow-up period.

Regarding the incidence of diabetes, it has been reported

that APN had a stronger effect in women than in men ™,

although not directly compared in detail, which is consistent
with the present results. These findings suggest that APN is a
common factor in the development of diabetes in women,
regardless of race or lifestyle, and decreased APN levels have
been found to be significant in pregnant women. Low APN
has also been found to predict the onset of gestational dia-
betes and to induce hepatic fat accumulation in gestational
diabetic mice, and APN supplementation can prevent fat
accumulation and suppress intramuscular fat accumula-
tion!735%7.

A recent report showed that APN in adipose tissue around
blood vessels controls vascular function®*. In IRS-2 knockout
mice, Kadowaki et al*® found that an impaired insulin signal
in the vascular endothelium might reduce insulin transfer to
skeletal muscle and reduce glucose uptake, leading to the onset
of diabetes through decreased nitric oxide (NO) synthesis.
Nitric oxide is activated by estrogen, and the difference in low
and high levels of APN in women at onset of diabetes might
cause a difference in the response of the vascular endothelium
due to the action of estrogen*"*’. However, it is clear that
female hormones alone cannot explain the difference in the
onset of diabetes between men and women, as the present par-
ticipants had an average age of >50 years. Changes in inflam-
matory cytokines might occur due to a difference in
distribution of fat accumulation up to this age, and these long-
term effects might be responsible for the onset of diabetes.
Recently, it was reported that severe acute respiratory syndrome
coronavirus 2 infection induces a higher prevalence of diabetes

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Figure 3 | Kaplan-Meier analysis of onset of type 2 diabetes in (a) all participants, (b) men and (c) women. There was a significant increase in
onset of type 2 diabetes in women with low adiponectin (APN), but not in men with low APN.
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Figure 4 | Changes in APN levels from baseline for 5 years in (a) men
(n = 190) and (b) women (n = 80). There was no significant change in
either sex (paired t-test). Values are shown as the mean + standard
deviation.

in men than in women with higher APN, suggesting that
causes of hyperglycemia differ by sex'®*.

In men, decreased eGFR was identified as a predictor for the
onset of type 2 diabetes mellitus. In our previous report in
men with normal glucose tolerance, decreased eGFR and
hyperferritinemia were found to be significant predictive mark-
ers for the onset of type 2 diabetes™. A similar relationship
between decreased eGFR and onset of diabetes was also found
in another study®. There is a known sex difference in the onset
of cardiovascular disease, and some reports have shown differ-
ences between men and women in the development of diabetic
nephropathy®®. The mechanism of eGFR reduction and diabetes
onset in men is unclear, but eGFR reduction is a manifestation
of systemic arteriosclerotic lesions in men, and might cause

systemic inflammation and increased oxidative stress. Hyperten-
sion, dyslipidemia, obesity, insulin resistance, smoking and
genetic factors leading to atherosclerosis are believed to be the
underlying risk factors for the decrease in eGFR in men. These
factors might also be responsible for the development of dia-
betes*”**, because atherosclerotic changes are well-known to be
more prevalent in men than in women. Decreased osteocalcin
has also been associated with reduced renal function and
increased onset of diabetes* ', which might be one of the
topics for future studies.

Fatty liver was found to be a significant risk factor for dia-
betes in men, but not in women. The sex difference in the inci-
dence of fatty liver and diabetes might largely be due to the
difference in fat accumulation between men and women®>*%,
Visceral fat obesity is more common in men, whereas subcuta-
neous fat obesity is more frequent in women. Therefore, even
with the same fatty liver, the effect on diabetes onset might be
lower in women. In addition, the onset of fatty liver in women
has been found to occur 10 years after menopause53’54, and
changes in fat accumulation and increased fatty liver might
delay onset of diabetes in women. The favorable role of estro-
gen in chronic disease with hepatitis B infection suggests that
estrogen has a potent endogenous anti-oxidant effect that might
suppress fatty liver damage and insulin resistance®. Alcohol is
also a factor in fatty liver in men, and the characteristics of
fatty liver might differ between the sexes. These findings suggest
that the onset of type 2 diabetes mellitus, diabetic complications
and chronic diseases related to arteriosclerosis need to be con-
sidered from a perspective of sex differences.

We previously reported a case of Werner’s syndrome with
APN gene abnormality, and we found that pioglitazone caused
an increase in serum APN even in this case, in which there
was secretory abnormality®. One study on the prevention of
diabetes with troglitazone by the Diabetes Prevention Program
group has also been reported, but the effect of drugs was tem-
porary and disappeared when it was stopped”’. Many studies
showed that APN has an anti-inflammatory effect, but some
also suggest that APN causes inflammation in certain cells.
Acute effects, chronic effects and differences depending on the
tissue are likely, but require further clarification. The Diabetes
Prevention Program is a clinical study with the aim of reducing
progression using metformin and lifestyle interventions in
early-stage diabetes, but that study showed the difficulties of
intervention and changes in adiponectin were comparatively
small and less strongly related to diabetes outcome than base-
line APN levels™®. Given that there are no clear biomarkers
that can be used to trigger an intervention, one method might
be to consider the intervention separately for men and
women”.

© 2022 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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There were some limitations to the present study. First, mea-
surement of APN was for the globular type. A difference in
receptor binding between monomer and multimer APN has
been shown, but the APN R1 receptor is thought to be the
main factor related to glucose metabolism'®. Also, a meta-
analysis showed that the same clinical results are obtained
regardless of the APN measurement method™. Second, it is
unknown if improvements in lifestyle, such as eating habits or
exercise, occurred during the course of 15 years. Third, it is
uncertain if there were changes in APN levels during the 15-
year period, but there was no significant change of APN from
baseline in a subgroup of participants after 5 years. There
might have been some variation in the low and high APN
groups, but this was probably not major. Fourth, the study was
limited to a single facility. However, the results for APN levels
and onset of diabetes in women are consistent with findings
worldwide, and are unlikely to be facility-specific or due to
specific circumstances.

In conclusion, low serum APN in women and decreased
eGFR in men were found to increase the onset of diabetes sig-
nificantly in 15-year follow up. The incidence of type 2 diabetes
is expected to increase worldwide, and lifestyle interventions for
all people might be difficult due to limited social and economic
resources. Therefore, the results of the present study provide
good markers for the selection of individuals who require inter-
vention in lifestyle-related habits, such as diet and exercise, for
prevention of the onset of diabetes.
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