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Objective: Galectin-3 binding protein (Gal-3BP) is one of the major fucosylated glycoprotein family
members and has recently been implicated in non-alcoholic fatty liver disease, hyperlipaemia and cor-
onary artery disease. Here, we analysed the serum concentrations of Gal-3BP in menopausal women to
evaluate the association of circulating Gal-3BP and insulin resistance in females after menopause.
Materials and methods: We evaluated serum levels of Gal-3BP in sixty-two non-diabetic women with
menopausal status for at least one year. The clinical features, biochemical profiles and homeostasis model
assessment of insulin resistance (HOMA-IR) indices were obtained routinely.
Results: Gal-3BP levels increased in women with higher HOMA-IR indices and were positively correlated
with HOMA-IR indices. The Gal-3BP level was also an independent risk factor for a high HOMA-IR index
and showed the most influence on the HOMA-IR index compared to fasting plasma glucose, triglyceride,
age and body mass index. The cut-off value of the serum Gal-3BP level was 2234.32 ng/ml, with areas
under the ROC curve (AUCs) of 0.68 (HOMA-IR index 1.5), 0.81 (HOMA-IR index 2.0) and 0.93 (HOMA-IR
index 2.5).
Conclusion: Serum levels of Gal-3BP are associated with impaired insulin sensitivity in non-diabetic
menopausal women.
© 2020 Taiwan Association of Obstetrics & Gynecology. Publishing services by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Insulin resistance is a complicated condition in which the in-
sulin sensitivity of primary metabolic tissues, including the liver,
white adipose tissue and skeletal muscle, is impaired, and insulin
resistance is considered to be one of the major causes of type 2
diabetes and cardiovascular diseases. Menopausal women who
have ceased menstruating for at least one year have a markedly
higher probability of developing insulin resistance than age-
matched premenopausal women, with the prevalence most
commonly estimated at the level of 31%e55% [1,2]. There is growing
evidence indicating that hormone fluctuation triggered by meno-
pause, especially decreasing levels of oestrogen in the circulation,
may lead to increased visceral adipose deposition and systemic
inflammatory responses, but the underlying mechanism remains
unclear in many aspects.
Gynecology. Publishing services b
Galectin-3 binding protein (Gal-3BP), one of the major fucosy-
lated glycoprotein family members, appears to be implicated in the
immune response and in cytotoxicity [3,4]. Recently, several clinical
investigations have suggested that Gal-3BP is related to metabolic
dysfunctions ranging from non-alcoholic fatty liver disease to
atherosclerosis [5e7]. However, few studies have focused on the
relationship between insulin resistance and Gal-3BP, and the re-
sults remain controversial [8,9]. For this reason, we conducted this
study focused on the associations between Gal-3BP and insulin
homeostasis and the relevance of Gal-3BP as a biomarker of insulin
resistance in the menopausal population.

Materials and methods

Subjects

Sixty-two women after menopause were recruited from the
Physical Examination Centre of the Affiliated Hangzhou First Peo-
ple's Hospital, Zhejiang University School of Medicine, between
January and April 2019. The study was approved by institutional
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review boards at the Affiliated Hangzhou First People's Hospital,
Zhejiang University School of Medicine.

Exclusion criteria were pre- and peri-menopausal status;
acute infection phase; a history of autoimmune, hepatic, renal,
malignant tumoral or psychiatric diseases; a history of diabetes
or heart stents; and the intake of a female hormone that is
known to affect circulating sex steroids within the three months
prior to the study.

Anthropometric evaluation

Participants were invited to the Physical Examination Centre
between 8:00 and 10:00 am after overnight fasting. Anthropo-
metric measurements, such as age, weight and height, were
collected by trained personnel. BMI was calculated as weight in
kilograms divided by height in metres squared. Blood pressure was
measured in a resting state.

Blood sampling and biochemical analysis

Venous blood samples were collected and kept at room tem-
perature for 30 min and then centrifuged at 1500 � g and 4 �C for
15 min within 5 h of collection. Biochemical variables such as
alanine transaminase (ALT), triglycerides (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C), low-density li-
poprotein cholesterol (LDL-C), fasting plasma glucose (FPG), and
fasting insulin (FINS) were determined according to standard lab-
oratory methods.

Homeostatic model assessment of insulin resistance (HOMA-IR)
indices were calculated as follows: HOMA-IR index ¼ fasting
glucose (mmol/dl) � fasting insulin (mmol/L)/22.5.

Serum Gal-3BP levels were measured with an enzyme immu-
noassay kit according to standard instructions (Human LAGLS3BP
ELISA Kit, RayBio Inc.).

All assays were performed in duplicate, and average data were
collected.

Statistical analysis

Statistical Package for the Social Sciences software (SPSS Inc.
version 22.0, Armonk, NY, USA) and GraphPad Prism (version 6.0,
CA, USA) were used to analyse the data. The
KolmogoroveSmirnov test was used for normality evaluation.
Normally distributed data are expressed as the mean ± SD. Data
not normally distributed were expressed as the median
(25th�75th IQR). Before performing further analyses, non-
normally distributed parameters were log-, square-, or normal-
score- transformed. One-way ANOVA was performed for multi-
group comparisons. The KruskaleWallis test was used for non-
normally distributed data. Trend analysis was performed to
investigate whether metabolic parameters were increased in
higher HOMA-IR index. Pearson's correlation analysis was used
to determine the correlation of serum Gal-3BP with demographic
and biochemical parameters. Multivariate analysis was per-
formed by logistic regression to observe variables influencing the
risk for insulin resistance adjusted for age and BMI. The diag-
nostic performance of Gal-3BP was analysed by receiver oper-
ating characteristic (ROC) curves and the area under the ROC
curve (AUC). The Youden index was used to identify the optimal
cut-off points. Probability values were 2 tailed, and a p value
<0.05 was considered significant.
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Results

Clinical, metabolic and hormonal features of the study population

The parameters of clinical and biochemistry were given in four
subgroups according to the quartiles of the HOMA-IR index, as
shown in Table 1 and Fig. 1. Age, BMI, SBP, DBP, and circulating
levels of FPG, FINS and ALT were significantly different among the
four subgroups, while SBP and serum levels of TC, TG, HDL-C, and
LDL-Cwere similar. Trend analysis identified BMI, SBP, TG, FINS, ALT
and Gal-3BP were increased with higher HOMA-IR index, and
serum levels of Gal-3BP in the fourth quartile of HOMA-IR index
subgroups were significantly higher than those of lower HOMA-IR
index quartiles (p < 0.05).

Association between Gal-3BP concentrations and metabolic
parameters

We performed Pearson's correlation test in all subjects. The
results showed that serum Gal-3BP levels were positively associ-
ated with fasting insulin (r ¼ 0.517, p ¼ 0.000) and the HOMA-IR
index (r ¼ 0.513, p ¼ 0.000). There was a significant linear in-
crease in Gal-3BP expression with increasing quartiles of the
HOMA-IR index. The data are summarized in Table 2 and Fig. 2.

The influence of serum Gal-3BP levels on the HOMA-IR index in
women after menopause

Multiple linear regression analysis showed that Gal-3BP, FPG,
TG, age and BMI were independent risk factors for a high HOMA-IR
index. Serum levels of Gal-3BP showed the most influence on the
HOMA-IR index. The data are listed in Table 3.

Ability of serum Gal-3BP levels to distinguish insulin-resistant
individuals from all subjects

We investigated the ability of serum Gal-3BP levels to distin-
guish insulin-resistant patients from all individuals using the ROC
curve shown in Table 4 and Fig. 3. Since there was great variability
in the optimal reference range of the HOMA-IR index, we obtained
three cut-off values, including 1.5, 2.0, and 2.5, as suggested by
several studies [10e15]. The cut-off value of Gal-3BP was
2234.3150 ng/ml.

Discussion

The present work focused on the expression of Gal-3BP in non-
diabetic menopausal women. Our results consistently indicated
that a higher level of Gal-3BP was associated with increased insulin
resistance. This finding was in line with data from previous in vivo
and in vitro studies that showed increased expression of Gal-3BP in
different phenotypes of metabolic syndrome, including non-
alcoholic fatty liver disease, obesity and silent atherosclerosis
[6,16]. However, in contrast to some previous studies, our data
failed to show a significant correlation between Gal-3BP and clin-
ical lipid profiles or age inwomen after menopause [9,17]. This may
be due to differences in study subjects owing to the selective in-
clusive criteria andmay imply that Gal-3BP is more associated with
adipose dysfunction than with fat deposition [18].

Multiple linear regression analysis showed that Gal-3BP was an
independent and significant determinant for impaired insulin



Table 1
Demographic characteristics and physical and metabolic measurements overall and in relation to quartiles of HOMA-IR indices.

Overall (n ¼ 62) Quartiles of HOMA-IR indices p p trend

4 (n ¼ 16) 3 (n ¼ 16) 2 (n ¼ 14) 1 (n ¼ 16)

Age (years) 58.2 ± 5.5 56.0 ± 5.6 61.3 ± 4.7 59.4 ± 4.8 56.3 ± 5.5 0.012 NS
BMI (kg/m2) 25.1 ± 1.3 25.8 ± 1.1 24.6 ± 1.7 25.2 ± 0.9 24.6 ± 0.9 0.016 0.022
SBP (mmHg) 124.3 ± 11.6 131.0 ± 5.1 123.0 ± 15.6 121.0 ± 11.0 121.8 ± 10.5 NS 0.022
DBP (mmHg) 73.0 (69.0e79.0) 79.0 ± 5.3 72.5 ± 9.8 67.1 ± 7.0 75.5 ± 6.0 0.000 NS
TC (mmol/L) 5.47 (5.09e5.87) 5.60 ± 0.82 5.53 ± 0.71 5.41 ± 0.37 5.70 ± 1.11 NS NS
TG (mmol/L) 1.97 (1.62e2.38) 2.39 ± 0.60 1.92 ± 0.74 2.02 ± 0.54 1.87 ± 0.50 NS 0.016
HDL-C (mmol/L) 1.20 (1.13e1.35) 1.29 ± 0.27 1.21 ± 0.20 1.26 ± 0.20 1.27 ± 0.20 NS NS
LDL-C (mmol/L) 3.33 (3.12e3.70) 3.41 ± 0.59 3.43 ± 0.54 3.27 ± 0.47 3.43 ± 0.86 NS NS
FPG (mmol/L) 4.95 (4.85e5.38) 5.12 ± 0.46 5.46 ± 0.65 4.98 ± 0.30 4.89 ± 0.31 0.005 NS
FINS (mU/L) 6.88 (4.78e11.34) 14.32 ± 2.25 8.46 ± 1.51 6.14 ± 0.62 4.19 ± 0.50 0.000 0.000
HOMA-IR index 1.73 (1.05e2.42) 3.26 ± 0.58 2.02 ± 0.23 1.36 ± 0.15 0.91 ± 0.12 0.000 e

ALT (U/L) 26.0 (22.0e38.0) 45.1 ± 29.5 27.5 ± 12.4 25.9 ± 5.4 28.1 ± 12.4 0.010 0.005
Gal-3BP (ng/ml) 1734.23 (1243.34e2323.45) 2916.72 ± 1089.59 1656.64 ± 523.27 1598.23 ± 476.67 1455.58 ± 763.76 0.000 0.000

Abbreviations: SBPe systolic blood pressure; DBPe diastolic blood pressure; TCe total cholesterol; TGe triglycerides; HDL-Ce high-density lipoprotein cholesterol; LDL-Ce

low-density lipoprotein cholesterol; FPG e fasting plasma glucose; FINS e fasting insulin; HOMA-IR e homeostasis model assessment-insulin resistance; ALT e alanine
transaminase; NS e no significant difference.

Fig. 1. Serum levels of Gal-3BP in groups across quartiles of HOMA-IR indices. **p
value < 0.01.

Table 2
Correlation between Gal-3BP and anthropometric/metabolic parameters in all subjects.

variables Age BMI SBP DBP TC TG HDL-C LDL-C FPG FINS HOMA-IR ALT

r �0.045 0.226 0.012 �0.095 �0.216 �0.022 0.003 �0.144 �0.073 0.517 0.513 �0.083
p-value 0.729 0.077 0.925 0.46 0.092 0.868 0.981 0.262 0.572 0.000** 0.000** 0.522

** p-value < 0.01.

Fig. 2. Positive correlation between serum Gal-3BP levels and HOMA-IR indices.

Table 3
The influence of factors on the HOMA-IR index by multiple regression analysis.

Factor Unstandardized Coefficients Standardized
coefficients

t p-value

B S.E. Beta

Age 0.015 0.005 0.250 2.869 0.008**
BMI 0.058 0.021 0.224 2.712 0.009**
SBP 0.002 0.003 0.083 0.794 0.431
DBP 0.086 0.035 0.247 2.484 0.016*
TC �0.860 2.346 �0.157 �0.366 0.716
TG 0.831 0.262 0.327 3.169 0.003**
HDL-C 0.038 0.183 0.025 0.209 0.835
LDL-C 0.075 0.208 0.138 0.358 0.722
FPG 0.118 0.030 0.340 3.965 0.000**
Gal-3BP 0.668 0.125 0.482 5.363 0.000**
ALT 0.065 0.035 0.189 1.883 0.065

**p-value < 0.01; *p-value < 0.05.
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sensitivity. Furthermore, Gal-3BP non-invasively and reliably pre-
dicted insulin sensitivity on the basis of the several tested HOMA-IR
index cut-off values in our study. Considering that circulating Gal-
3BP increased when insulin dynamics were impaired much earlier
than clinical diabetes diagnosis was confirmed, it is plausible that
Gal-3BP is associatedwith the onset of insulin resistance and has an
impact on the pathogenesis of type 2 diabetes mellitus.

As a binding protein, Gal-3BP binds specifically to human
macrophage-associated lectins and is implicated in the immune
response associated with natural killer (NK) and lymphokine-
activated killer (LAK) cell cytotoxicity. Gal-3BP is suggested to be
a major upstream molecule in the activation of inflammatory fac-
tors, including IL-6 and TNF-a, by playing an important role in
macrophage polarization and activation. In addition, several in-
vestigations have suggested a strong link between Gal-3BP levels
and metabolic disorders, consistent with systemic pro-
879



Table 4
Quality of cut-off scores for the prediction of impaired insulin resistance.

HOMA-IR index cut-off AUC (95% CI) Gal-3BP cut-off Sensitivity, % Specificity, %

1.5 0.675 (0.542e0.809) 2234.3150 42.1 83.3
2.0 0.809 (0.685e0.933) 2234.3150 42.1 83.3
2.5 0.927 (0.862e0.992) 2234.3150 100 84

AUC e area under the curve.

Fig. 3. ROC curves for the discrimination of insulin-resistant patients from general
subjects based on three cut-off values of the HOMA-IR index.
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inflammation, by influencing inflammatory signalling pathways,
including JNK-STAT and IKKb/NF-kB [19e22]. There is solid evi-
dence that insulin resistance is related to inflammation with both
the fluctuation of cytokines and the relevant signalling pathways.
For example, IL-6 is reported to induce insulin resistance by
impairing the synthesis of glycogen and enhancing TLR-4 gene
expression through the activation of STAT3 [23]. Menopause-
triggered insulin resistance is also considered to partly rely on
the decreased protective effect of oestrogen on the inflammatory
response. Interestingly, Eva Olga Melin et al. found that high Gal-
3BP levels were associated with HbA1c only in women. These
findings suggest that Gal-3BP may be associated with sex hormone
fluctuation and have an impact on insulin resistance by systemic
immune regulation. Further studies on the relationship between
sex hormones and Gal-3BP expression are needed.

Some limitations of this work must be taken into consideration.
First, the design of the observational study cannot implicate the
cause-and-effect relationship. Second, the diagnostic criteria for
insulin resistance were mainly based on HOMA-IR indices and not
hyperinsulinaemic-euglycaemic clamp analyses. Finally, due to the
small number of subjects, the trials may have weaknesses that
could result in bias.

Despite these limitations and to our knowledge, this study
found a significant and close relationship between Gal-3BP and
insulin resistance in menopausal women, but the underlying
mechanisms need further investigation, and the relationship be-
tween Gal-3BP and sex hormones is necessary and important to be
clarified in future investigations.
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