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ABSTRACT
We investigated the association between serum high molecular weight (HMW) adiponec-
tin and insulin secretion in a population-based study, with or without adjustment for insu-
lin sensitivity. A total of 488 participants (263 women) were included in the present study.
Insulin secretion was estimated using the homeostasis model assessment of b-cell func-
tion – adjustment for insulin resistance using the disposition index. Multivariate analysis
showed that HMW adiponectin was significantly and inversely associated with homeosta-
sis model assessment of b-cell function (partial regression coefficient -0.19, 95% confi-
dence interval -0.28, -0.10, P < 0.0001). However, HMW adiponectin was significantly and
positively associated with disposition index (partial regression coefficient 0.15, 95% confi-
dence interval 0.06, 0.24, P = 0.0016). The present study showed that a positive association
between HMW adiponectin levels and insulin secretion evaluated using an index incorpo-
rating adjustment for insulin resistance was identified, and vice versa using an index that
did not adjust for insulin resistance.

INTRODUCTION
Human type 2 diabetes is characterized by two major features:
peripheral insulin resistance (IR) and impaired insulin secretion
by pancreatic b-cells. With regard to IR, a Mendelian random-
ization study showed that genetically determined adiponectin
levels were positively associated with insulin sensitivity evalu-
ated by euglycemic hyperinsulinemic clamp1, and it has been
reported that associations with IR are slightly stronger for the
high molecular weight (HMW) adiponectin than total adipo-
nectin2. However, it has not been clarified whether adiponectin
levels are directly or inversely associated with insulin secretion.
In the present study, we investigated the association between
HMW adiponectin levels and insulin secretion in a Japanese
population-based study, with a specific focus on the effect of
using indices of insulin secretion with or without adjustment
for IR.

METHODS
Study design and participants
In the present cross-sectional study, we analyzed data from the
Dynamics of Lifestyle and Neighborhood Community on

Health Study. This was a community-based survey carried out
in Suttu, Hokkaido, Japan, during 2015. A total of 2,100 partici-
pants (977 men and 1,123 women; 79.6% of all residents) com-
pleted the survey in the form of a questionnaire. Of the
participants, 729, aged between 35 and 79 years, were also
asked to provide blood samples and 545 participants (300
women) complied. Of these 545 participants, 57 were excluded
due to missing data on HMW adiponectin or insulin levels
(n = 4), or their use of insulin and/or oral hypoglycemic agents
(n = 53). Consequently, data from 488 participants (263
women) were analyzed in the present study. The study design
was approved by the Ethical Board of Hokkaido University
School of Medicine (15-002), and signed informed consent was
obtained from all participants.

Study definition and data collection
Venous blood samples were collected after overnight fasting
and shipped to a single laboratory to measure fasting plasma
glucose (FPG), insulin, C-peptide and glycated hemoglobin
levels using standard techniques. HMW adiponectin levels were
measured using a chemiluminescent enzyme immunoassay
(Fujirebio Inc., Tokyo, Japan). Participants were considered to
be diabetic if they had a previous history of diabetes, FPG
≥7.0 mmol/L or glycated hemoglobin ≥6.5% (47.5 mmol/mol).Received 4 September 2017; revised 11 January 2018; accepted 12 February 2018
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IR and insulin secretion were estimated using the homeostasis
model assessment of insulin resistance (HOMA-IR) and home-
ostasis model assessment of b-cell function (HOMA-b%),
respectively3. For one set of analyses, insulin secretion was
adjusted for IR using the disposition index (DI), defined as the
ratio of HOMA-b% to HOMA-IR4.

Statistical analysis
Because the serum HMW adiponectin, HOMA-b, insulin, C-
peptide and DI data showed skewed distributions, the values
for these parameters were normalized by natural logarithmic
transformation. Univariate linear regression analysis was carried
out to examine the association between serum HMW adiponec-
tin (ln-transformed) and HOMA-b% (ln-transformed), insulin
(ln-transformed), C-peptide (ln-transformed) and DI (ln-trans-
formed). Multivariable linear regression analysis was used to
calculate coefficients after adjustment for age, sex and body
mass index (BMI). Estimates included partial regression coeffi-
cient (b), 95% confidence interval (CI) and corresponding P-
values. All tests were two-sided, and P < 0.05 was considered
to be statistically significant. Statistical analysis was carried out
using JMP 10 (SAS Institute Inc., Cary, NC, USA).

RESULTS
The profile and biochemical parameters of participants accord-
ing to the HMW adiponectin quartiles are shown in Table 1.
Age and the proportion of women were positively associated
with HMW adiponectin quartile, whereas BMI, waist circum-
ference, FPG and HOMA-IR showed significant inverse associa-
tions. HOMA-b%, insulin and C-peptide were inversely

associated with HMW adiponectin quartile. Unexpectedly, DI,
an index of insulin secretion with adjustment for IR, showed a
significant positive association.
Table 2 shows the association between HMW adiponectin

and indices of insulin secretion. Serum HMW adiponectin was
significantly and inversely associated with HOMA-b% in a uni-
variate linear regression analysis. Additionally, a multiple linear
regression analysis showed that HMW adiponectin was inver-
sely associated with HOMA-b% adjusted for age, sex and BMI.
When the participants were classified into younger (<65 years-
of-age) and elderly groups (≥65-years-of-age), HMW adiponec-
tin was inversely associated with HOMA-b% adjusted for age,
sex and BMI in both groups. Furthermore, in participants with-
out diabetes, HMW adiponectin level was inversely associated
with HOMA-b% adjusted for age, sex and BMI. When insulin
secretion was estimated using fasting insulin or C-peptide levels,
similar results were obtained. Conversely, HMW adiponectin
was significantly and positively associated with DI both in uni-
variate and multiple linear regression analyses. These positive
associations were observed in all the above subgroups (younger,
elderly and non-diabetic groups).

DISCUSSION
In the current study, we found that serum HMW adiponectin
was inversely associated with HOMA-b%, being consistent with
previous reports5,6. However, it would not be appropriate to
evaluate insulin secretion without taking variability in IR into
consideration, because circulating insulin levels are influenced
not only by the capacity for insulin secretion, but also by IR.
DI is thought to reflect the capacity for insulin secretion

Table 1 | Clinical and biochemical characteristics of 488 study participants

Total participants Serum HMW adiponectin P-value

1st Quartile 2nd Quartile 3rd Quartile 4th Quartile

n 488 122 121 123 122
HMW adiponectin (lg/mL) 3.6 (2.3–5.5) 1.6 (1.2–2.0) 2.8 (2.6–3.2) 4.5 (4.0–4.8) 7.5 (6.2–9.6)
Age (years) 57.9 – 12.5 55.3 – 11.7 57.0 – 12.6 57.7 – 13.0 61.8 – 11.8 0.0005
Sex (male/female) 225/263 96/26 69/52 41/82 19/103 <0.0001
BMI (kg/m2) 23.7 – 3.6 25.0 – 3.7 24.0 – 3.5 23.8 – 3.7 22.0 – 2.9 <0.0001
Waist circumference (cm) 81.6 – 10.4 86.8 – 9.4 83.5 – 9.8 80.6 – 10.3 75.3 – 8.9 <0.0001
FPG (mmol/L) 5.2 (4.8–5.6) 5.3 (5.0–6.1) 5.3 (4.8–5.6) 5.0 (4.7–5.5) 5.1 (4.7–5.4) 0.0001
HbA1c (%) 5.4 (5.2–5.7) 5.4 (5.2–6.0) 5.4 (5.3–5.7) 5.4 (5.1–5.7) 5.4 (5.2–5.7) 0.2479
HbA1c (mmol/mol) 36 (33–39) 36 (33–42) 36 (34, 39) 36 (32–39) 36 (33–39) 0.2479
HOMA-IR 1.0 (0.6–1.6) 1.7 (1.0–2.6) 1.0 (0.7–1.5) 1.0 (0.6–1.4) 0.7 (0.5–1.0) <0.0001
HOMA-b% 52 (34–78) 63 (46–107) 53 (35–75) 53 (38–78) 37 (27–54) <0.0001
Ιnsulin (pmol/L) 30 (19–45) 46 (29–70) 31 (22–44) 28 (20–41) 21 (15–29) <0.0001
C-peptide (nmol/L) 0.4 (0.3–0.6) 0.6 (0.4–0.7) 0.4 (0.3–0.6) 0.4 (0.3–0.5) 0.3 (0.3–0.4) <0.0001
Disposition index 52 (39–74) 47 (29–62) 48 (38–74) 60 (41–78) 57 (43–83) 0.0001

Values are expressed as mean – standard deviation or median (interquartile range). Data are presented for the entire group and for participants
grouped according to their serum high molecular weight (HMW) adiponectin levels. One-way analysis of variance, Kruskal–Wallis test or the v2-test
were used to compare each parameter among serum HMW adiponectin groups. BMI, body mass index; FPG, fasting plasma glucose; HbA1c, gly-
cated hemoglobin; HOMA-b%, homeostasis model assessment of b-cell function; HOMA-IR, homeostasis model assessment of insulin resistance.
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adjusted for IR and thus to provide a useful measure of pancre-
atic b-cell function. Therefore, we further investigated the asso-
ciation between HMW adiponectin level and DI, and found
that these parameters were significantly and positively associ-
ated each other. When we examined the association between
serum HMW adiponectin and insulin secretion in the partici-
pants classified the participants into younger and elderly
groups, similar results were obtained. Thus, the above associa-
tion was observed even in the elderly.
In vivo and in vitro experimental studies have suggested that

the major effect of adiponectin on the pancreas includes the
promotion of b-cell function and survival7. As one of the
mechanisms, adiponectin induces activation of peroxisome pro-
liferator-activated c receptors, which enhances insulin content
and has positive effects on glucose-stimulated insulin secretion8.
Regarding HMW adiponectin, although it remains unknown
how HMW adiponectin could increase insulin secretion capac-
ity, it has been recently reported that HMW adiponectin posi-
tively correlated with b-cell function after adjustment for age,
sex and BMI in the The Treatment Options for type 2 Diabetes
in Adolescents and Youth study9. In the present study, when
insulin secretion was evaluated using HOMA-b%, without
adjustment by IR, the association between HMW adiponectin
levels and insulin secretion was paradoxical with the results of
the above experimental studies. However, if DI as an IR-
adjusted insulin secretion index was utilized, the association

was consistent with these results. Furthermore, the positive
association shown in the present study is consistent with previ-
ous observations that low serum adiponectin is associated with
the future development of type 2 diabetes10,11, and the concept
that hypoadiponectinemia might not only be a marker of IR,
but also of b-cell dysfunction, both contributing to the patho-
physiology of type 2 diabetes12. Therefore, when insulin secre-
tion is evaluated in epidemiological studies, it is important to
use indices that correct for the degree of IR.
In the present study, DI was calculated using data obtained

only from fasting samples. As previously stated, these results
should be interpreted with caution4, because DI should be calcu-
lated using glucose and insulin levels measured during intra-
venous or oral glucose tolerance tests13. This is one of the major
limitations of the present study, and therefore further investiga-
tions are required to validate the identified association using the
oral glucose tolerance test to calculate DIs. Another limitation of
the present study was its cross-sectional design, necessitating that
caution should be exercised with regard to any interpretation of
causality. Furthermore, HOMA-IR and HOMA-b% are not reli-
able measurements in participants with moderate or severe dia-
betes. However, our sensitivity analysis also showed a significant
association of interest in participants without diabetes based on
only FPG or glycated hemoglobin levels; some participants with
diabetes were grouped into the non-diabetes groups. Finally, the
study participants were limited to residents of one rural

Table 2 | Association of serum high molecular weight adiponectin (ln-transformed) with indices of insulin secretion (ln-transformed)

Crude Adjusted†

b (95% CI) P-value b (95% CI) P-value

All participants
ln(HOMA-b%) -0.27 (-0.35, -0.19) <0.0001 -0.19 (-0.28, -0.10) <0.0001
ln(Insulin) -0.41 (-0.49, -0.33) <0.0001 -0.29 (-0.38, -0.21) <0.0001
ln(C-peptide) -0.29 (-0.34, -0.24) <0.0001 -0.20 (-0.25, -0.14) <0.0001
ln(Disposition index) 0.19 (0.11, 0.27) <0.0001 0.15 (0.06, 0.24) 0.0016

Participants aged <65 years‡

ln(HOMA-b%) -0.22 (-0.32, -0.12) <0.0001 -0.16 (-0.27, -0.05) 0.0050
ln(Insulin) -0.38 (-0.49, -0.27) <0.0001 -0.24 (-0.35, -0.13) <0.0001
ln(C-peptide) -0.29 (-0.36, -0.23) <0.0001 -0.19 (-0.26, -0.12) <0.0001
ln(Disposition index) 0.22 (0.13, 0.31) <0.0001 0.12 (0.02, 0.22) 0.0246

Participants aged ≥65 years§

ln(HOMA-b%) -0.31 (-0.46, -0.16) <0.0001 -0.23 (-0.39, -0.06) 0.0081
ln(Insulin) -0.49 (-0.62, -0.35) <0.0001 -0.36 (-0.50, -0.22) <0.0001
ln(C-peptide) -0.31 (-0.40, -0.23) <0.0001 -0.19 (-0.28, -0.10) <0.0001
ln(Disposition index) 0.24 (0.10, 0.39) 0.0014 0.19 (0.01, 0.38) 0.0380

Subjects without diabetes¶

ln(HOMA-b%) -0.32 (-0.40, -0.23) <0.0001 -0.24 (-0.33, -0.15) <0.0001
ln(Insulin) -0.41 (-0.49, -0.32) <0.0001 -0.29 (-0.38, -0.20) <0.0001
ln(C-peptide) -0.28 (-0.34, -0.23) <0.0001 -0.20 (-0.25, -0.14) <0.0001
ln(Disposition index) 0.12 (0.06, 0.18) 0.0002 0.07 (0.00, 0.14) 0.0441

A linear regression model was used to test the association between serum high molecular weight (HMW) adiponectin (ln-transformed) and indices
of insulin secretion (ln-transformed): †adjusted for age, sex and body mass index. ‡n = 321, §n = 167, ¶n = 441. b, partial regression coefficient; CI,
confidence interval; HOMA-b%, homeostasis model assessment of b-cell function.

1108 J Diabetes Investig Vol. 9 No. 5 September 2018 ª 2018 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd

S H O R T R E P O R T

Nakamura et al. http://onlinelibrary.wiley.com/journal/jdi



community of Japan. The socioeconomic status and lifestyle of
these participants might have influenced their health status
including the parameters measured.
In conclusion, a positive association was observed between

serum HMW adiponectin and insulin secretion, evaluated using
an index that included adjustment for IR, in a Japanese popula-
tion-based study. This finding implies that caution should be
exercised in the interpretation of measures describing the insu-
lin secretion of study participants, depending on whether or not
this parameter has been adjusted for the degree of IR present.
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