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general population.

Materials and methods: A total of 433 participants who underwent a health
check-up in Nagasaki between 2013 and 2014 were enrolled; of these, 307 participants
completed follow-up by 2023. Participants were classified into quartiles based on serum
galectin-3 levels measured by a sandwich enzyme immunoassay, and multivariate logistic
regression analysis was performed.

Results: The serum galectin-3 levels were associated with type 2 diabetes mellitus
prevalence (P = 0.002) in the regression analysis. Over the 10-year follow-up, the highest
galectin-3 quartile had a higher type 2 diabetes mellitus incidence than the lowest
galectin-3 quartile (adjusted odds ratio: 5.75; 95% confidence interval: 1.08-30.65).
Subgroup analysis stratified by body mass index revealed that each 1-standard deviation
increase in serum galectin-3 level was associated with a significantly increased risk of
incident type 2 diabetes mellitus in the low body mass index group, but not in the high
body mass index group.

Conclusions: The serum galectin-3 levels were significantly associated with type 2
diabetes mellitus prevalence and incidence in a general Japanese population, particularly
among individuals without obesity. Galectin-3 may be a useful biomarker for identifying
individuals at risk of type 2 diabetes mellitus.
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INTRODUCTION

Galectin-3 is a multifunctional protein involved in various bio-
logical processes, including cell metastasis and apoptosis.
Galectin-3 plays a role in inflammation" 2 fibrosis®>, and
atherosclerosis’, thereby contributing to the pathogenesis of car-
diac and renal diseases™ ‘. Recent evidence suggests that
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galectin-3 plays a key role in insulin resistance’. Elevated
galectin-3 levels have been observed in individuals with
obesity®.

Type 2 diabetes mellitus (T2DM) is primarily caused by
insulin resistance, which is induced by adipokines secreted from
the visceral fat that is commonly increased by obesity’. Previous
studies have shown that serum galectin-3 levels increase in the
prediabetic stage®, however, the underlying mechanism remains
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unclear, and no studies to date have examined the association
between galectin-3 and T2DM in Japan. Investigating the rela-
tionship between galectin-3 and T2DM may facilitate the timely
detection of T2DM and the development of novel therapeutic
strategies, potentially contributing to cardiovascular disease
(CVD) prevention.

The association between galectin-3, T2DM, and obesity in
general populations has been previously examined® * '°.
However, galectin-3 is not routinely measured in clinical prac-
tice in Japan, and to the best of our knowledge, no study has
evaluated the relationship between galectin-3 and T2DM in
the Japanese general population. Notably, the Japanese popula-
tion has a relatively low obesity prevalence, with only 27.2%
of adults having a body mass index (BMI) of >25 kg/m*"", as
compared to the global population, where 43 and 16% of the
adults have BMIs of 2529 and >30 kg/m’ respectively. In
the present study, we aimed to investigate whether galectin-3
may serve as a predictive marker for the development of
T2DM in a Japanese general population, where obesity is less
prevalent.

MATERIALS AND METHODS

Study design, setting, and period

This study is a population-based study conducted between
2013 and 2014. Since 2002, we have been investigating the
association between various biomarkers and CVD for more
than 20 years. This involves annually screening approximately
200 randomly selected residents of Uku Island (population
approximately 2,200), located in Nagasaki Prefecture in south-
western Japan. Our previous studies, for example, examined the
relationships between serum proprotein convertase subtilisin/
kexin type 9 and low-density lipoprotein cholesterol (LDL-c)
and lipoprotein(a), as well as between plasma fetuin-A levels
and metabolic syndrome'* . Uku Island has a high aging rate
and represents future demographic trends in Japan. Moreover,
as an isolated island with minimal population inflow or out-
flow, it provides an ideal setting for longitudinal studies.

Study population

A total of 439 individuals underwent cardiovascular screening
procedures and blood tests. Of these, 6 individuals with missing
data were excluded. As a result, 433 individuals were included
in the cross-sectional analysis, and 275 individuals who did not
have diabetes at baseline among the 307 who underwent car-
diovascular screening again by 2023 were included in the longi-
tudinal analysis.

Study procedures

Anthropometric measurements

Height and weight were measured to calculate for the BMI
[weight (kilograms) divided by the square of height (square
meters)], which was utilized as an index of the presence or
absence of obesity. Waist circumference was measured at the
umbilical level in a standing position.
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Vital signs

Blood pressure (BP) was measured twice in the sitting position
at 3-min intervals using an upright standard sphygmomanome-
ter. Hypertension (HT) was defined as a systolic BP of
>140 mmHg, a diastolic BP of >90 mmHg, or current use of
antihypertensive medications.

Laboratory tests

Laboratory measurements included high-sensitivity C-reactive
protein (Hs-CRP), serum creatinine (Crea), fasting plasma glu-
cose (FPG), insulin, glycated hemoglobin Alc (HbA,.), LDL-c,
triglycerides (TG), high-density lipoprotein (HDL-c), and
galectin-3.

The estimated glomerular filtration rate (eGFR) was calcu-
lated using a formula for dietary modification in renal disease,
applying Japanese coefficients based on serum creatinine levels,
age, and sex'”,

Fasting blood samples were drawn from the antecubital vein
in the morning after a 12-h fast and centrifuged within 1 h of
collection. Insulin resistance was assessed using the homeostasis
model assessment index (HOMA-IR), calculated as FPG (mg/
dL) x insulin (pU/mL)/405. Beta cell function was assessed
using the homeostatic model assessment of beta cell function
(HOMA-B), calculated as insulin (W/mL) x 360/[FPG (mg/
dL)-63]". T2DM was defined as an FPG level of >7.0 mmol/L,
HbA, level of >47 mmol/mol, or the current use of oral hypo-
glycemic agents or insulin therapy'®.

Dyslipidemia (DL) was defined as having an LDL-c level of
>3.62 mmol/L, TG level of >1.69 mmol/L, or an HDL-c level
of <1.03 mmol/L, or as the use of lipid-lowering medications.
Serum galectin-3 concentrations were measured at baseline
only, using a sandwich enzyme immunoassay method (Immu-
nobiology Laboratory, Gunma, Japan). The intra- and
inter-assay coefficients of the galectin-3 level variations were
<15%, as validated by a commercial laboratory (SRL Inc., Fuku-
oka, Japan)"”.

Data collection

At both baseline and follow-up, the participants completed a
self-administered questionnaire, underwent physical examina-
tions, and provided fasting blood samples. The participants’
medical history, smoking habits, and alcohol consumption were
assessed using a questionnaire. Dietary intake was evaluated uti-
lizing the Brief-type Self-Administered Diet History Question-
naire (BDHQ), which was adjusted for the traditional Japanese
diet. Energy intake from fat, protein, and carbohydrate was cal-
culated accordingly'® .

Statistical methods

First, a box plot of serum galectin-3 levels was created to con-
firm its left skewness, after which the skewness correlation with
age was examined. Baseline characteristics were summarized as
mean (standard deviation) for continuous variables and number
(percentage) for categorical variables, stratified by quartiles of
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serum galectin-3 levels. Insulin, TG, galectin-3, Hs-CRP,
HOMA-IR, and HOMA-f} were log-transformed to correct for
skewed distributions and then reconverted to antilogarithmic
values for presentation in Tables 1 and 2. Between group differ-
ences across the four quartile groups were assessed using analy-
sis of variance for continuous variables and the chi-squared test
for categorical variables. Second, we performed univariate linear
regression with serum galectin-3 levels as an objective variable
and T2DM occurring at 10 years as the dependent variable.
Finally, we performed multiple logistic regression analysis using
galectin-3 quartiles with the lowest quartile as the reference,
and another multiple logistic regression analysis for each 1-SD
increase in galectin-3.

We performed subgroup analyses by BMI and waist circum-
ference using a logistic regression analysis. We classified all par-
ticipants into the following two groups: low (BMI <25 kg/m?)
and high (BMI >25 kg/m?) BMI groups. We also used the met-
abolic syndrome criteria®® to classify the participants into the
low (waist circumference: men, <85 cm; women, <90 cm) and
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high (men, >85 cm; women, >90 cm) waist circumference
groups. In this analysis, to obtain reliable estimates in each sub-
group, we modeled the serum galectin-3 levels as continuous
variables with a unit of 1-SD (standard deviation) increment.

Statistical significance was defined as P < 0.05. All statistical
analyses were performed using the SAS system (Release 9.4,
SAS Institute, Cary, NC, USA).

RESULTS

Participant selection

Complete data were available for 433 participants (176 men
and 257 women aged 40-90 years). Of these, 87, 15, and 24
participants were excluded due to the lack of follow-up exami-
nation, relocation, and died during the follow-up period,
respectively. Consequently, 307 participants who underwent
repeat health examinations over a 10-year period until 2023, of
whom 275 participants without T2DM at baseline were
included in the present analysis. A flowchart for selecting the
study participants is presented in Figure 1.

Table 1 | Characteristics of study subjects in galectin-3 quartiles at baseline

Characteristics Total (n = 433) Quartile 1 (lowest) Quartile 2 Quartile 3 Quartile 4 (highest) P for
(n = 108) (n = 108) (n =107) (n=110) trend
Galectin-3 (pg/mL) 28150 (586.0 1,258.7 (586.0-2,270.0) 2,7247 (2,280.0 3,568.1 (3,1500 50863 (4,100.0-9,7500) <0.0001
-9,750.0) —3,1400) —4,090.0)
Age (years) 670+ 95 628 £ 92 664 + 82 673+ 95 715190 <0.0001
Men % (n: yes) 176 (406) 30 (27.8) 49 (454) 46 (430) 51 (464) 0.02
Height (cm) 1571 £ 86 1566 £ 7.7 1575+ 93 1576 £ 82 156.7 £ 93 08
Weight (kg) 583+ 114 583+ 113 595+ 121 562 £ 95 592 £ 125 0.1
BMI (kg/m?) 235+ 35 237 £ 36 238 £33 226 £ 3.1 240 £ 37 0.01
Waist circumference 841+ 98 834+ 97 858 +98 819+ 89 85.1 = 105 0.02
(cm)
Smoking % (n: yes) 42 (9.7) 12 (11.1) 16 (14.8) 8 (7.5 6 (5.5) 0.1
Alcohol intake % (n: 179 (413) 42 (389) 49 (454) 43 (40.2) 45 (409) 08
yes)
HT % (n: yes) 305 (704) 62 (574) 77 (713) 77 (720) 89 (80.9) 0.002
T2DM % (n: yes) 51 (11.8) 5 (46) 11 (10.2) 17 (159) 18 (164) 0.02
DL % (n: yes) 230 (53.1) 67 (620) 59 (546) 54 (505) 50 (45.5) 0.09
VD % (n: yes) 69 (15.9) 7 (6.5) 17 (15.7) 19 (17.8) 26 (236) 0.006
Hs-CRP (mg/L)+ 0.04 (0.002-5.26) 003 (0.005-164) 0.03 (0.003-049) 005 (0.002-094) 005 (0.006-5.26) 0.0009
Crea (umol/L) 70.7 £ 265 619 £ 88 619+ 177 70.7 £ 354 70.7 £ 265 <0.0001
eGFR (mL/min/ 832 £ 158 943 £ 121 05+ 124 874 £ 167 809+ 182 <0.0001
173 m?)
FPG (mmol/L) 54+ 09 53+ 09 54+ 07 54110 56+ 09 0.03
HbA . (%) 56+ 05 5505 56+ 04 56+ 05 5705 0.04
Insulin (pmoI/L)T 252 (48-1332) 240 (48-1140) 264 (78-84.0) 240 (66-135.0) 264 (54-1086) 03
HOMA-IR 10 (02-94) 09 (0.2-65) 1.1 (03-4.7) 10 (03-94) 1.1 (02-5.1) 02
HOMA—BT 479 (7.9-200.7) 490 (11.8-200.7) 51.1 (11.6-173.5) 457 (79-1915) 462 (10.7-186.2) 04

Data are mean * standard deviation, range, or percent. The bold of p values was defined as p < 0.05. BMI, body mass index; Crea, creatinine; CVD,
cardiovascular disease; DL, dyslipidemia; eGFR, estimated glomerular filtration rate: FPG, fasting plasma glucose; HbA,, glycated hemoglobin A
HOMA-IR, homeostatic model assessment for insulin resistance; HOMA-B, homeostatic model assessment of beta cell function; Hs-CRP, high sensi-
tive C-reactive protein; HT hypertension; T2DM, type 2 diabetes mellitus. "These variables are shown in the original scale after analysis using log
(natural)-transformed values.
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Table 2 | Univariate linear regression analyses with serum galectin-3
levels at baseline

Variables B SE P

Age 0018 0.003 <0.001
Men (women: 1) -0215 0.056 <0.001
Height 0003 0003 0330
Weight 0.001 0.002 0.785
BMI —-0.003 0.008 0696
Waist circumference 0002 0003 0430
Smoking (yes: 1) -0.089 0094 0342
Alcohol intake (yes: 1) 0.040 0.056 0475
HT (yes: 1) 0.205 0.060 <0.001
T2DM (yes: 1) 0.260 0.085 0.002
DL (yes: 1) —0.122 0.055 0.028
CQVD (yes: 1) 0210 0075 0.006
Hs-CRPT 0063 0022 0.005
Crea 0449 0.108 <0.001
eGFR -0.009 0.002 <0.001
FPG 0.006 0.002 0.001
HbA, . 0.153 0.056 0.006
Insulin® 0046 0047 0335
HOMA-IR 0.068 0042 0.109
HOI\/lA—BT —-0.075 0.050 0.137

The bold of p values was defined as p < 0.05. BMI, body mass index;
Crea, creatinine; CVD, cardiovascular disease; DL, dyslipidemia; eGFR, esti-
mated glomerular filtration rate: FPG, fasting plasma glucose; HoA;, gly-
cated hemoglobin A;; HOMA-IR, homeostatic model assessment for
insulin resistance; HOMA-B, homeostatic model assessment of beta cell
function; Hs-CRP, high sensitive C-reactive protein; HT hypertension; SE,
standard error; T2DM, type 2 diabetes mellitus. TThese variables are
shown in the original scale after analysis using log (natural)-transformed
values.

Participant characteristics by quartiles of serum galectin-3
levels

The mean serum galectin-3 level at baseline was 2,815.0 pg/mL
(range: 586.0-9,750.0 pg/mL) (Figure 2a). The serum galectin-3
levels were significantly positively correlated with age (r = 0.3,
P < 0.0001) (Figure 2b). The baseline characteristics of the par-
ticipants stratified by quartiles of serum galectin-3 levels are
shown in Table 1. Increased serum galectin-3 levels were signif-
icantly associated with increasing age (P < 0.0001), male sex
(P = 0.02), higher BMI (P = 0.01), greater waist circumference
(P=002), HT prevalence (P = 0.002), T2DM prevalence
(P =0.02), a history of CVD (P = 0.006), higher Hs-CRP
(P = 0.0009), Crea (P < 0.0001), FPG (P = 0.03), and HbA,,
(P = 0.04), and lower eGFR (P < 0.0001).

Baseline assessments

Table 2 presents the results of the univariate linear regression
analyses illustrating the correlation between the baseline patient
characteristics and serum galectin-3 levels. Significant positive
associations were observed between age, male sex, presence of
HT or T2DM, history of CVD, and Hs-CRP, Crea, FPG, and
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HbA,. levels and serum galectin-3 levels in the univariate anal-
ysis. Conversely, significant negative associations were observed
between the presence of DL and eGFR and serum galectin-3
levels. No significant associations were observed between insu-
lin, HOMA-IR, or HOMA-f and serum galectin-3 levels.

Univarjate and multivariate logistic regression analyses illus-
trating the relationship between the quartiles of serum galectin-
3 levels and T2DM prevalence at baseline are shown in Table 3.
In the highest quartile of serum galectin-3 levels, the odds ratio
of developing T2DM was significantly higher compared to the
lowest quartile (odds ratio: 4.03 [95% confidence interval [CI]:
1.44-11.29]), but this significance disappeared after multivariate
adjustment.

Follow-up assessments

Among the 307 participants who were followed up longitudi-
nally, 32 (10.4%) had T2DM at baseline. Among the remaining
275 participants without T2DM at baseline, 27 (9.8%) devel-
oped new-onset T2DM over the 10-year follow-up period. Indi-
viduals in the highest quartile of the baseline serum galectin-3
levels had a significantly higher incidence of T2DM than those
in the lowest quartile, even after adjusting for confounding fac-
tors (adjusted odds ratio: 5.75 [95% CI: 1.08-30.65]) (Table 4).
Furthermore, the odds ratio for the incidence of T2DM per
1-SD increase in serum galectin-3 levels showed a trend toward
higher values, although not statistically significant, after adjust-
ing for confounding factors including age, sex, baseline BMI,
and FPG consistent with the findings (adjusted odds ratio: 1.49
[95% CI: 0.89-2.49], P = 0.13).

Subgroup analysis

In the follow-up assessment, the odds of incident T2DM for
each 1-SD increase in serum galectin-3 level were associated
with significantly higher odds ratio of incident T2DM (adjusted
odds ratio: 248 [95% CI: 1.13-5.47]) within the low BMI
group. Contrarily, in the high BMI group, there was no associa-
tion between the serum galectin-3 levels and the incidence
T2DM.

In the low waist circumference group, each 1-SD increase in
serum galectin-3 level was associated with higher odds of inci-
dent T2DM and was significantly elevated (adjusted odds ratio:
2.59 [95% CI: 1.27-5.28]). However, in the high waist circum-
ference group, there was no association between the serum
galectin-3 levels and T2DM.

The forest plots as odds ratios for the incidence of T2DM
stratified by BMI and waist circumference are shown in
Figure 3a,b.

DISCUSSION

In the present cohort study involving a general Japanese popu-
lation, the mean serum galectin-3 level was 2,815.0 pg/mL,
which is comparable to the value reported in a prior Japanese
study involving a small general population®’. Contrarily, a
population-based study from the Netherlands reported a higher
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Subjects in 2013 and 2014
439 subjects

(179 men, 260 women)
t ________________________ | No blood test : 6 subjects

(3 men, 3 women)

Enrolled : 433 subjects
(176 men, 257 women)

! Died : 24 subjects
(15 men, 9 women)

N Moved : 15 subjects
(5 men, 10 women)

Unknown* : 87 subjects
(31 men, 56 women)

Final subjects : 307 subjects

(125 men, 182 women)
t ________________________ _| DM at baseline : 32 subjects

(20 men, 12 women)

Enrolled : 275 subjects
(105 men, 170 women)

Figure 1 | Flowchart of the selection of study participants. *: still alive but has not undergone the second cardiovascular screening procedure and
blood tests since baseline

(a) (b)

n (pg/mL)
60 Mean (min-max) 12000
r=0.3
All : 2815.0(586.0-9750.0) p<0.0001
o MMen : 3198.0(632.0-9750.0) 10000
BWomen : 2579.6(586.0-7810.0) °
L]
40 8000
- 6000 - .
L]
L A
- 4000 - o
2000 . v
10 .!. ) °
° e | oo ®
II | O: .:'o.:..o.oo' .....&lo.'
g ladw. . 0
200 2000 3600 5200 6800 8400 9800 % 40 50 60 70 80 90 100
(pg/mL) (years)

Figure 2 | Serum galectin-3 levels of a Japanese general population. (a) Distribution of serum galectin-3 levels in men and women. (b) Correlation
between age and serum galectin-3 levels.

mean serum galectin-3 level of 10,900 pg/mL*. Given that the difference in mean serum galectin-3 levels may be attribut-
galectin-3 is associated with obesity, and the obesity rate is able to differences in obesity prevalence. Galectin-3 has also
14.98% in the Netherlands compared with 5.57% in Japan®, been reported to correlate with obesity, especially subcutaneous

© 2026 The Author(s). Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd J Diabetes Investig Vol. ee NO. ee eee 2026 5



ORIGINAL ARTICLE

Yoshimura-Takubo et al. http://wileyonlinelibrary.com/journal/jdi

Table 3 | Odds ratio of T2DM prevalence at baseline

Quartiles of galectin-3

Quartile 1 (lowest) (586.0-2,2700)  Quartile 2 (2,280.0-3,140.0) Quartile 3 (3,150.0-4,090.0) Quartile 4 (highest) (4,100.0-9,750.0)

n=108 n=108 n =107 n=110

n %) 5 (46) 11 (10.2) 17 (159) 18 (164)

Crude Reference 234 (0.78-6.97) 3.89 (1.38-1097) 403 (144-1129)*

Model Reference 200 (0.66-6.08) 351 (1.22-10.13) 364 (1.24-10.70)
1

Model Reference 3.30 (0.66-16.65) 6.25 (1.22-32.05) 3.15 (063-15.76)

2

Model 1: adjusted for age and sex. Model 2: adjusted for age, sex, BMI, and FPG. Odds ratio (95% Cl). *P < 001 vs Q1.

Table 4 | Odds ratio of T2DM incidence in 10-year follow-up

Quartiles of galectin-3

Quartile 1 (lowest) (586.0-2,1000)  Quartile 2 (2,140.0-2,9400) Quartile 3 (2,960.0-3,940.0) Quartile 4 (highest) (3,950.0-9,750.0)

n =068 n=:69 n=70 n =068
n %) 2 (29 8 (11.6) 5(.1) 12 (17.7)
Crude Reference 433 (088-21.18) 254 (048-13.56) 7.07 (1.52-3294)
Model Reference 401 (081-1992) 260 (048-14.06) 7.39 (1.54-3559)
1
Model Reference 393 (0.74-2091) 381 (064-2272) 575 (1.08-3065)

2

Model 1; adjusted for age and sex. Model 2; adjusted for age, sex, BMI and FPG. Hazard ratio (95% Cl.).

P for
subgroups OR(95%Cl) int;af(c’trion subgroups OR(95%Cl) Interaction
BMI BMI
(BMI<25kg/ ni o 248 (BMI<25kg/mi 2.08
Low-BMI- " _512) (.13, 547) 051 Low-BMI o512 (.00, 433 074
: (BMI=25kg/mi 1.12 ; (BMI=25kg/mi 1.25
High-BMI n=95) — — (050, 253) High-BMI n=95) — — (058, 271)
Waist Waist
z (men<85cm, z (men<85cm,
Low-waist 2.59 Low-waist 2.60
—_——
circurference  /Omen=<90cm .27, 528) 084 circumference WOmen<d0cm ——132, 512) 08
n=201) n=201
. . (menz=85cm, = < (menz=85cm,
High-waist = 1.09 High-waist - 1.18
circumference wtimen=90cm (0.55, 2.14) circumference wgmen=900m__._ (0.61, 2.26)
n=106) n=106
Odds Ratios Odds Ratios
(a) (b)

Figure 3 | (a) Adjusted odds ratio of incident T2DM among the participants stratified by BMI and waist circumference adjusted for age, sex,
baseline BMI, and FPG as confounding factors (b) Adjusted odds ratio of incident T2DM as a sensitivity analysis adjusted for age, sex, baseline BM|,
and HOMA-R.
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fat mass'® **, Subcutaneous obesity is more prevalent in West-
ern countries, whereas visceral obesity predominates in Asian
populations™. In the present study, the serum galectin-3 levels
were significantly higher in men. This finding differs from a
study conducted in China, where no significant sex differences
were observed”’, whereas in a Western study, the serum
galectin-3 level was significantly higher in women. Women also
tend to accumulate more subcutaneous fat than men. There are
sex and racial differences in the serum galectin-3 levels, which
may be due to body fat distribution.

In our study, the serum galectin-3 levels were significantly
associated with the prevalence of T2DM, FPG, and HbA,. in
the univariate analysis. Multivariate logistic regression analyses
revealed that serum galectin-3 levels were significantly associ-
ated with both prevalent T2DM in the cross-sectional study
and incident T2DM in the prospective study. These findings
are consistent with previous reports linking serum galectin-3
with glucose metabolism parameters and with the prevalence
and incidence of diabetes™ °. However, in our study, of the 27
participants who developed new-onset T2DM over the 10-year
follow-up period, 17 participants were receiving antidiabetic
medications. We attempted to reanalyze the data after exclud-
ing these 17 participants to minimize any potential influence of
pharmacotherapy on galectin-3 concentrations. However,
after exclusion, no incident T2DM cases remained in the
reference group with the lowest serum galectin-3 levels. There-
fore, we could not completely rule out the influence of
pharmacotherapy.

Also, no significant correlations were found between the
serum galectin-3 and baseline insulin levels, HOMA-IR, or
HOMA-B. This finding is in contrast with previous studies
examining the associations between serum galectin-3 levels and
insulin resistance® *” *°. In those studies, the populations were
not clearly defined or were restricted to specific groups, such as
reproductive-age or postmenopausal women, which may
account for the discrepant results. By contrast, a previous study
reported an inverse association between serum galectin-3 levels
and insulin resistance. However, this study focused on patients
with T2DM, including patients receiving current use of oral
hypoglycemic agents™’. Moreover, HOMA-IR is known to fluc-
tuate with pharmacologic interventions’'. To minimize con-
founding, we therefore analyzed 394 individuals not receiving
T2DM treatment from among the 433 baseline participants
and again found no significant association between serum
galectin-3 levels and HOMA-IR. We also extracted 240 partici-
pants who did not have insulin resistance at baseline and inves-
tigated whether baseline serum galectin-3 levels were a
predictive marker for future acquisition of insulin, but again,
no significant association was found.

In Japan, obesity—the primary driver of insulin resistance—
is less prevalent than in Western countries, and insulin defi-
ciency is more frequently observed’’. To our knowledge, no
previous studies have investigated the association between
HOMA-, an index of insulin secretion, and serum galectin-3
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levels. Therefore, we examined this relationship in our study
but found no significant association.

A subgroup analysis showed that higher serum galectin-3
levels were significantly associated with the incidence of T2DM
in the low BMI and low waist circumference group. Conversely,
no significant association with the incidence of T2DM was
observed in the high BMI and high waist circumference groups.
These results suggest that galectin-3 may contribute to T2DM
development via mechanisms independent of obesity. Similar
findings across both BMI- and waist-based subgroupings—
waist circumference being more directly related to insulin resis-
tance—further support the absence of a meaningful relationship
between serum galectin-3 levels and HOMA-IR. Additionally, a
sensitivity analysis adjusted for baseline HOMA-IR vyielded con-
sistent results (Figure 3b), indicating that the serum galectin-3
levels may promote T2DM independently of insulin resistance.
However, the interaction term was not statistically significant,
and no clear interaction effects based on BMI and waist cir-
cumference were identified. Further investigation is required to
address these issues.

We also found that the serum galectin-3 levels were signifi-
cantly associated with Hs-CRP, a marker of systemic inflamma-
tion. Given that inflammation is a well-known contributor to
T2DM pathogenesis, the association between serum galectin-3
levels and Hs-CRP supports a potential inflammation-mediated
mechanism.

Taken together, these findings suggest that elevated serum
galectin-3 levels may predict T2DM onset through a pathway
independent of obesity or insulin resistance. Individuals with
high serum galectin-3 levels may be at a high risk of developing
T2DM, even in the absence of obesity. In such individuals, tra-
ditional preventive strategies, including weight control and exer-
cise, may be less effective than in others. Further investigation
into the roles of galectin-3 levels and inflammation in T2DM
pathogenesis could uncover novel disease mechanisms and
inform the development of new preventive therapies targeting
nonclassical pathways.

Furthermore, serum galectin-3 concentrations were associated
with renal function indicators in our study, consistent with
findings from a previous study in patients with T2DM™. That
study demonstrated that elevated serum galectin-3 levels were
associated with poor renal prognosis. Although treatment with
sodium-glucose cotransporter-2 inhibitors did not affect serum
galectin-3 levels, higher baseline serum galectin-3 levels were
associated with greater renal benefit from therapy. Taken
together, our findings suggest that serum galectin-3 concentra-
tion may serve not only as a risk stratification marker for the
incidence of T2DM but also as a potential early indicator for
identifying individuals who may benefit from timely interven-
tions to prevent future renal dysfunction.

Study strengths and limitations
A major strength of the present study is its longitudinal design,
with 10 years of follow-up allowing for the assessment of
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incident T2DM. Furthermore, the analyses were adjusted for
multiple known confounders, enhancing the robustness of the
observed associations between the serum galectin-3 levels and
T2DM.

However, some limitations of this study must be acknowl-
edged. First, dietary intake was assessed using the BDHQ,
which was based on unpublished observations*. Information
on medical history, smoking habits, and alcohol consumption
was self-reported, which may introduce recall or reporting bias.
Second, the serum galectin-3 levels were only measured at base-
line, precluding the evaluation of longitudinal changes. Third,
the small number of T2DM cases resulted in wide confidence
intervals in the logistic regression analysis. Finally, the possibil-
ity of residual confounding cannot be completely ruled out.

CONCLUSION

In this prospective cohort study involving a general Japanese
population, elevated serum galectin-3 levels were significantly
associated with incident T2DM, especially among individuals
with low BMI and waist circumference, suggesting that
galectin-3 may promote the development of T2DM through
non-obesity-mediated mechanisms. Serum galectin-3 may serve
as a useful biomarker for identifying individuals at risk for
developing T2DM who might not be determined by using con-
ventional risk factors, thereby offering a novel target for future
preventive strategies.
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