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Abstract (p=0.001) and HDL-C (p=0.016). In multiple regression analysis

considering ET-1 levels as a dependent variable, we found

Aims: Endothelin-1 (ET-1), a potential marker of endothelial
dysfunction, has been shown to be elevated in diabetic mellitus
(DM) subjects. However, to date, the circulatory profile of ET-1 and
its association with DM have not been investigated in any South
Asian country, including Bangladesh. The present study assessed
circulating levels of ET-1 in subjects with or without DM and further
examined the association of ET-1 with clinical and metabolic
parameters in Bangladeshi rural women.

Main Methods: A total of 2022 rural Bangladeshi women were
studied using a cross-sectional survey and then further analysis
was performed based on a case control design between DM
(n=195) and non-DM (204). Multiple regressions were used to
examine the association between circulatory ET-1 level and DM.

Key findings: A total of 2022 rural Bangladeshi women aged
215 years were studied using a population-based cross-sectional
survey (DM prevalence is 9.1%). ET-1 levels were significantly
increased in diabetes subjects [DM vs. non-DM: 3.11 + 0.16 vs.
1.97 £ 0.03, p<0.001]. In multivariable analyses, after adjusting

that plasma glucose levels and HDL-C are the independent
determinants for plasma ET-1 levels in Bangladeshi rural women.
Through tertile analysis, we found a significant increase in plasma
levels of mean ET-1 as levels of blood glucose increased (p for
trend<0.001).

Significance: A higher circulatory concentration of ET-1 among
DM subjects suggests possible endothelial dysfunction in this
apparently healthy population. The relation between plasma ET-1
levels and DM needs further investigations aimed at defining the
clinical predictive value of ET-1in DM in the South Asian population.
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Introduction

Diabetes Mellitus (DM) is a global epidemic affecting
approximately 285 million people and has a high (and rising)
prevalence in both developed and, more recently, developing

for age, ET-1was found to have significant positive association
with waist circumference (p=0.029), fasting plasma glucose levels
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countries [1]. DM has, in particular, become an important health
concern in the South Asian region, with an estimated increase in
the prevalence of diabetes of over 151% between the years 2000
and 2030.Specifically, recent epidemiological studies on South Asia
have shown an increased prevalence of diabetes in India (12.1%)
[2], Pakistan (11.1%) [3] and Bangladesh (7.9%) (rural population)
[4]. Interestingly, this increase in prevalence has also been observed
in South Asians in diasporanotably Asian Americans, and has been
attributed to ageing of the population, urbanization, obesity and
physical inactivity, and changing dietary habits [5].

Among various pathological complications, DM is normally
associated with macro and micro vascular disorders. The primary
aetiology responsible for diabetic vascular complications is endothelial
dysfunction [6], which is characterized by an imbalance between
endothelial-derived vaso-dilator and -constrictor substances, such
as the vasoconstrictor factor, endothelin-1 (ET-1). Thus, ET-1 plays
an important role in the pathogenesis of vascular complication in
diabetes [7].

ET is a potent endothelial cell-derived venous and arterial
vasoconstrictor peptide [8] that consists of three family members
of 21 amino acid peptides (ET-1, ET-2, and ET-3) [9]. Among the
family members ET-1 is the most abundant isoform and the most
potent known vasoconstrictor in humans and contributes to the
maintenance of basal vascular tone [10]. ET-1 is also the principal
cardiovascular isoform of the endothelial system [8]. Two receptor
subtypes, endothelin A- and B- receptors (ET N and ETB), mediate the
effects of ET-1. Vascular smooth muscle cells express both ET, and
ET,, while endothelial cells express primarily ET, [11]. On smooth
muscle cells, ET N mediates vasoconstriction and mitogenesis, while
ET, receptor has a dual function and has been shown to cause
both vasoconstriction and vasodilatation [12,13]. ET, receptor
activation contributes to coronary constrictor tone and peripheral
and endothelial dysfunction [14,15]. In isolated human internal
mammary and porcine coronary arteries, ET, receptor mediates
ET-1-induced vasoconstriction [13]. In healthy humans, selective
ET, receptor antagonism increases peripheral vascular resistance,
implying that vasodilation is the dominant (“favoured”) ET, pathway
[16]. However, the balance between vasodilator and vasoconstrictor
ET, pathways may be altered in pathological conditions [17,18]. For
instance, increased ET-1 levels have been detected in hypertension,
coronary artery disease, heart failure, metabolic syndrome and DM.
ET-1 plasma levels are also increased in obese patients with metabolic
syndrome [19]. Chronic exposure of ET-1 leads to insulin receptor
desensitization and the vasoconstrictor tone of ET-1 is enhanced in
patients with type 2 DM [20].

To our knowledge, to date only a few studies have investigated the
association between ET-1 and DM in apparently healthy population,
and most of these (previous) studies have largely focused on clinical
patients. Moreover, no previous studies have been conducted on
South Asian populations or populations from low income countries.
Since racial differences are known to exist in patterns of plasma ET-1
levels, it is essential that more research that address the association
between ET-1 and DM within a specific or defined ethnic or racial
context, be performed.

Thus, here our aim was to examine the association between
circulating ET-1 levels and DM among Bangladeshi rural women.

Materials and Methods
Study procedure

This study is a community-based cross-sectional study performed
in women from rural Bangladesh. A total of 2022 females aged
>15 years were selected using the stratified multistage random
sampling. This sample size was sufficient to test all our formulated
research hypotheses at the 5% level of significance, with a power of
80% (B=0.20). We used the World Health Organization’s (WHO)
STEPS approach (modified), which entails a stepwise collection of
the risk factor data, based on standardized questionnaires covering

demographic characteristics, somatic illnesses, somatic and mental
symptoms, medications, life style, and health-related behaviour
(step 1), basic physical measures (step 2) and basic biochemical
investigations, such as levels of blood glucose and cholesterol (step 3).
The women were recruited from twelve village communities located
in Gaibandha district. The respondents were selected randomly
after selecting upazila and villages, and were recruited through
local announcements in the communities of interest and by house-
to-house visits. The details of the study area have been described
before in our previous study [21]. The data from participants
were obtained through interviews and clinical examinations at
mobile health examination centres, where blood samples were also
collected. The study was approved by the Ethical Committee of the
Health and Disease Research Center for Rural Peoples (HDRCRP),
Dhaka, Bangladesh, Shahid Ziaur Rahman Medical College, Bogra,
Bangladesh and Institute of Clinical Medicine, University of Tsukuba,
Japan and conforms to the principles outlined in the Helsinki
Declaration. All participants gave their written informed consent
prior to inclusion in the study.

Study subjects

Out of 2108 women, we excluded the following subjects: women
with chronic illness, such as hypothyroidism; pregnant women;
those on hormone replacement therapy (HRT); as well as women
with known illness, such as ischaemic heart disease (IHD). After the
exclusion, a total of 2022 subjects remained in this study. Among
these 2022 subjects, 195 diabetic cases and 204 non-diabetic cases
were used for further analysis in a case control design.

Anthropometric and other variables

Anthropometric measurements on individuals wearing light
clothing and without shoes were conducted by well-trained examiners,
as described here: height was measured to the nearest 0.1cm using
the portable stadiometer; weight was then measured in an upright
position, to the nearest 0.1kg, using a calibrated balance beam scale;
BMI was calculated as body weight (kg) divided by the square of the
body height (m?); and waist circumference measurements were taken
at the end of normal expiration, to the nearest 0.1cm, by measuring
from the narrowest point between the lower borders of the rib cage
and the iliac crest. Blood pressure was measured twice in the right
arm in a sitting position using the standard mercury manometer and
cuff, to the nearest 2 mmHg, with the initial reading taken at least
5 minutes after the subject was made comfortable, and again after
an interval of 15 minutes. The average systolic and diastolic blood
pressures were then estimated.

Biochemical analysis

Blood for biochemical analysis was obtained from the
participants after a 10-12 hour overnight fast. The blood sample was
collected using the standard blood sample collection procedure and
both serum and plasma were processed. Triglycerides levels were
measured by lipoprotein lipase method (Wako Chemicals, Tokyo,
Japan), HDL cholesterol was measured with the Determiner-L kit
(Kyowa Co Ltd, Tokyo, Japan). Fasting plasma glucose levels were
measured with the Hexokinase G-6-PDH kit (Wako Pure Chemical
Industries Ltd, Osaka, Japan). Plasma levels of ET-1 were measured
using specific commercial enzyme-linked immunosorbent assay
(ELISA) kits, according to the manufacturer’s directions (Quantikine,
R & D systems, Minneapolis, MN, USA). Oral glucose tolerance test
was performed in those subjects having fasting plasma glucose levels
more than 7mmol/l.

Statistical analysis

Differences in clinical characteristic between DM and non-
DM subjects were assessed by t-test and the Mann-Whitney test
for normal and skewed continuous variables, respectively. Mean +
S.E is presented. BMI, fasting plasma glucose, triglycerides, insulin,
and ET-1 were log transformed to better approximate normal
distribution. Multiple linear regression analysis was used to evaluate
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the association between ET-1 plasma levels and clinical/metabolic
parameters for unadjusted and age-adjusted model. To identify
independent determinants of ET-1, stepwise multiple regression
analysis was performed in forward direction with significance level
for addition to the model set to 0.20. P values of less than 0.05 were
considered statistically significant. All analyses were performed using
Stata version 12.0 (StataCorp, College Station, Texas USA).

Results

The prevalence of DM in this study population was 9.1% in
a sample size of 2022. Among these subjects, we conducted a case
control study of subjects that were divided into two groups, namely
DM and non-DM. The subjects with fasting blood glucose of more
than 7mmol/l, which was later confirmed by oral glucose tolerance
test (OGTT), were placed into the DM group. It should be noted that
these DM subjects were selected from an initial cross sectional study
survey conducted in apparently healthy rural women in Bangladesh.
These DM subjects were diagnosed DM during the current study and
never knew that they had diabetes prior to this study. The condition
of these DM subjects was detected during the non-communicable
disease screening conducted earlier in the study.

Table 1 shows clinical characteristics of subjects based on their
diabetic status, i.e., DM and non-DM. Generally, DM subjects were a
bit older. Mean values of waist circumference, fasting plasma glucose,
and HOMA-IR were significantly higher in DM subjects, whereas
levels of HDL were significantly lower in DM subjects compared to
non-DM.

As shown in the figure 1, levels of plasma ET-1 were significantly
higher in DM subjects than in non-DM subjects.

Table 2 shows the association between plasma levels of ET-1 and
metabolic or other clinical parameters. In multivariable analyses,

Table 1: Clinical characteristics of subject according to diabetic status

Characteristics Non-diabetes Diabetes P values
Age (years) 43.78 + 1.48 46.57 £1.10 | 0.130
BMI (kg/m?) 22.62 + .49 23.25+ .42 0.325
Waist circumference (cm) 76.23 £ 0.83 81.62 + .97 <0.001
Fasting plasma glucose (mmol/l) |5.93 + 0.082 11.19+0.48 <0.001
Triglycerides (mg/dl) 208.75 + 16.82 |230.71 £ 12.85 0.297
HDL-C (mg/dl) 39.64 +2.34 33.55+1.18 0.018
Systolic blood pressure (mmHg 123.74 £2.81 128.71£2.07 |0.151
Diastolic blood pressure (mmHg) 77.34 + 1.28 80.08 £ 0.96 0.087
Total cholesterol (mg/dl) 208.14+8.92 198.60 +£8.24 0.433
LDL-C (mg/dl) 138.85+7.66 | 129.43+8.05 0.400
HOMA-IR 1.64 £ 0.22 5.82 £ 0.55 <0.001
Insulin (MU/ml) 10.36 + 3.61 15.39+1.69 0.174

Data are mean + S.E and t-test for normally distributed data; BMI: Body Mass
Index, HDL-C: High-Density Lipoprotein Cholesterol, LDL-C: Low-Density
Lipoprotein Cholesterol, HOMA-IR: Homeostasis Model Assessment of Insulin

Resistance.

Table 2: Association between endothelin-1 and others parameters

after adjusting for age, ET-1 had significant positive association
with waist circumference (p=0.029), fasting plasma glucose levels
(p=0.001), and HDL-C (p=0.016).Other variables, including BMI,
triglycerides, blood pressure, total cholesterol, and insulin levels were
not associated with ET-1 levels. Stepwise multiple regression analysis,
considering all the variables presented in Table 1, revealed that fasting
plasma glucose and HDL levels were independent determinants of
plasma ET-1 levels (Table 3).

Figure 2 shows the association between plasma ET-1 levels and
tertile of blood glucose. As shown in figure 2, mean ET-1 levels
significantly increase as levels of blood glucose increases (p for
trend<0.001).

Discussion

To our knowledge, this is the first study to address an association
between circulating levels of ET-1 and DM in a Bangladeshi group. In
this cross-sectional study of Bangladeshi rural women, we found that
plasma ET-1 levels were significantly higher in subjects with DM than
without DM. Among the cardiometabolic risk factors, plasma glucose
and HDL levels show significant positive association with ET-1.

The important role of ET-1 as a modulator of vascular tone and
growth makes it a vital potential predictive indicator of diabetic
vascular complications [22]. It has been shown that levels of plasma
ET-1 during a diabetic state were elevated in both animal models [23]
and human patients [24,25]. The elevated ET-1 levels among subjects
with DM and the significant positive association between ET-1 and
DM in our study is consistent with data from many previous studies
[24-26]. In particular, ET-1 levels were significantly higher in subjects
with diabetes type 2 than non-diabetes [27]. Both type 2 diabetes and
metabolic syndrome are associated with highly variable levels of ET-1
in postmenopausal women, and diabetic women had significantly

P<0.001
3.11

1.97

Plasma endothelin-1 (pg/ml)

Diabetes

Non-diabetes

Figure 1: Mean plasma endothelin-1 levels according to diabetic (DM) and
non-diabetic (non-DM) statuss

Unadjusted Age-adjusted
Variables Coefficient (B) Std. Err. P value Coefficient (B) Std. Err. P value
Age (years) 0.0197 0.0071 0.007 — — —
BMI (kg/m? -0.0082 0.0209 0.696 -0.0030 0.0207 0.884
Waist circumference (cm) 0.0218 0.0030 0.029 0.0215 0.0098 0.029
Fasting plasma glucose (mmol/L) 0.1057 0.0198 <0.001 0.1021 0.0196 <0.001
Triglycerides (mg/dI) 0.0003 0.0006 0.631 0.0003 0.0006 0.667
HDL-C (mg/dl) -0.0121 0.0051 0.018 -0.0122 0.0049 0.016
Systolic blood pressure (mmHg) 0.0069 0.0038 0.075 0.0045 0.0039 0.254
Diastolic blood pressure (mmHg) 0.0100 0.0084 0.234 0.0041 0.0086 0.635
Total Cholesterol (mg/dl) -0.0002 0.0011 0.840 -0.0001 0.0011 0.893
LDL-C (mg/dl) 0.0013 0.0012 0.269 0.0012 0.0011 0.314
HOMA-IR 0.0446 0.0272 0.104 0.0472 0.0265 0.077
Insulin (uU/ml) -0.0017 0.0052 0.737 0.00005 0.0050 0.992

BMI: Body Mass Index, HDL-C: High-Density Lipoprotein Cholesterol, LDL-C: Low-Density Lipoprotein Cholesterol, HOMA-IR: Homeostasis Model Assessment of

Insulin Resistance.
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Table 3: Multiple linear regression of endothelin-1 and others predictors

Characteristics Coefficient S.E P values
Fasting plasma glucose (mmol/l) 0.0980 0.0202 <0.001
HDL-cholesterol (mg/dl) -0.0099 0.0048 0.041
Age (years) 0.0175 0.0071 0.015

nn-Whitney test for non-normal continuous variables
Mean + S.E. for normal variables (all such values)

BMI: Body Mass Index, HDL: High Density Lipoprotein, MAP: Mean Arterial
Pressure

P-trend <0.001
4

= T
E 3

oo

e T

I

£

EN

=]

<

£

o

: o1

>

0
T1 T2 T3
Tertiles of fasting plasma glucose (mmol/L)

Figure 2: Shows the association between plasma ET-1 levels and tertile of
fasting plasma glucose

elevated ET-1 levels [28]. In addition, the balance between nitric
oxide (NO) (vasodilator) and ET-1 (vasoconstrictor) is disrupted in
experimental conditions that simulated hyperglycemia, as well as in
high free fatty acid (FFA) levels observed in diabetes [29]. Notably,
is the fact that the current population studied here were apparently
healthy, in contrast to the majority of previous studies that used
known diagnosed diabetic, obese, or patients with heart disease. For
this reason, the current study population had no prior treatment for
neither diabetes nor diet restriction as they did not know that they
had diabetes. Again, the present data is consistent with a previous
study reporting that ET-A receptor was sensitized in pre-diabetic
dogs [30] and ET-1 mediated vasoconstrictor tone was elevated in
people with impaired fasting blood glucose [31]. Thus pre-diabetes
mellitus, which is characterized as impaired fasting blood glucose may
be strongly associated with ET-1. Endothelial vasomotor dysfunction
in early diabetes rats might be related to increasing vessel stress, ET-1
production, and compensating the increase of NO [32].

Multiple regression analysis of the current study shows a
significant association between plasma ET-1 levels and fasting plasma
glucose and HDL levels. Also we found that mean value of ET-1
increases with the increase in the levels of fasting plasma glucose.
Hyperglycaemia, the primary metabolic disturbance of diabetes, has
been shown to increase [33] the release of ET-1 from endothelial cells
in culture. Importantly, it was shown that altered plasma ET-1 in
diabetes can be restored to normal levels by restoration of metabolic
control [34]. Thus, elevated plasma glucose levels may contribute
to the increase of ET-1 levels in diabetic subjects as observed in the
current study population. In addition, the current study reveals that
ET-1 levels have a negative significant association with plasma HDL
levels. In fact, previous in vitro studies have demonstrated that HDLs
exert anti-atherogenic effects by inhibiting ET-1 release in a polar
manner [35] in human endothelial cells. The other novel finding of
the current study through multiple regression analysis is that ET-1
has significant positive association with age. Aging is associated
with elevation of ET-1 levels (mnRNA and protein) in plasma and
vascular tissues [36-38], which correlates well with vascular tone
or endothelium-dependent vascular dilation. However, to date, no

correlation in diabetic patients between ET-1 levels and age, sex,
fasting blood glucose, Dyslipidemia, C-peptide, BMI, and smoking
has been observed by previous studies [39]. The current data implies
that plasma ET-1levels in diabetic subjects are differentially correlated
with socio-demographics and the clinical parameters in a context
specific manner. In addition, we also checked level of inflammatory
cytokine like tumor necrosis factor (TNF)-alpha in current study
design and found no significant difference in TNF-alpha level in
between DM and non-DM subjects in our present study population
(Arifur et al., unpublished observation, 2015).

Although significant positive association between pro-ET-1 and
high blood pressure has been observed in previous study [40], in the
current study we did not find any significant association between
ET-1 levels and blood pressure. Further, even though plasma ET-1
increased in Type II diabetes, those with both hypertension and
macrovascular disease, but not with hypertension alone, had higher
plasma ET-1 than those with uncomplicated Type II diabetes [41,42].
Using an apparently healthy population, Hirai et al., found significant
positive association between ET-1 and systolic and diastolic blood
pressure in univariate analysis. However, in multiple stepwise
regressions model both systolic and diastolic blood pressures were
not associated with ET-1 [43]. Similarly, Piatti et al., found no
significant positive association of ET-1 with systolic and diastolic
blood pressure in multiple regression analysis [44]. Differences in
background characteristics of the study population as well as the
duration of diabetes may be a potential reason for the inconsistent
findings between the two studies.

Previously it has been shown that diabetic disease duration of
10 years or more has significant effect on plasma ET-1 levels [39].
During this period, the incidence and grade of the microvascular
complications increase, and ET-1 levels are elevated [39]. However,
Vertello et al. reported no correlation between duration and ET-1
levels [45]. Based on the current data, no comment can be made on
the duration of diabetes and its correlation with the levels of plasma
ET-1 levels since we did not initially know that the DM group study
subjects had diabetes.

The major strengths of the present study are use of a large
community-based survey, with a relatively large sample size, and also
the comprehensive analysis of plasma ET-1 levels as well as other
important cardio metabolic risk factors in diabetic and non-diabetic
subjects. However, the current study has a number of limitations that
need to be highlighted. Firstly, existence of an association in a cross-
sectional study does not necessarily indicate causality. Secondly, each
biomarker was sampled and evaluated only once in each participant.
Ideally, there should be more than one sampling and evaluation
per participant at different time-points. Beside, we were not able to
adjust for important lifestyle risk factors, including smoking and
alcohol drinking, in order to assess the association between ET-1 and
cardio-metabolic risk factor. However, because alcohol drinking and
smoking are very uncommon among women in Bangladesh, these
variables were most likely non-existent in our subjects. And finally,
only rural women from a lower socioeconomic class were enrolled,
thus limiting generalization of the data obtained to the whole adult
female population in Bangladesh.

Conclusion

The present study is the first comprehensive approach using a
large sample size to establish the association between circulatory levels
of ET-1 and DM in the context of a South Asian country, namely
Bangladesh. We also show here that circulatory levels of ET-1 were
significantly higher in diabetic than in non-diabetic subjects. Among
the cardio metabolic risk factors, fasting plasma glucose, and plasma
HDL showed significant association with ET-1. Further prospective
studies are needed to elucidate the role of ET-1 in subjects with DM
and its associated disorders.
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