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Abstract

Background Individuals of South Asian origin have a greater risk of cardiovascular disease after gestational diabetes
mellitus (GDM) than European individuals. B-type natriuretic peptide (BNP) and the amino-terminal fragment of its
prohormone (NT-proBNP) are commonly used for heart failure screening and diagnosis, but biologically BNP exerts
several beneficial cardiovascular effects primarily by counteracting the renin-angiotensin-aldosterone-system.

We asked whether ethnic differences in circulating NT-proBNP levels could be explained by the differences in
cardiometabolic and inflammatory risk markers?

Methods We examined 162 South Asian and 107 Nordic women in Norway 1-3 years after GDM with a clinical
examination, fasting blood samples and an oral glucose tolerance test. We measured the levels of NT-proBNP, high-
sensitivity cardiac troponin T, high-sensitivity C-reactive protein (hsCRP), interleukin-6 (IL-6), leptin, adiponectin and
markers of insulin sensitivity, such as the Matsuda insulin sensitivity index (ISI). Finally, we tried to identify which
independent covariate best mediated the ethnic differences in NT-proBNP.

Results The mean (SD) age was 35.3 (4.5) years, BMI 29.1 (6.0) kg/mz, waist-height ratio 0.60 (0.08) and 164 women
(61%) had prediabetes/diabetes. Notably, South Asian women had lower levels of NT-proBNP than Nordic women in
both the normoglycemic and prediabetes/diabetes groups (median (IQR) 26 (15-38) vs. 42 (22-66) ng/L, p<0.001).
Higher NT-proBNP levels were associated with greater insulin sensitivity in both South Asian and Nordic women
(p=0.005 and p<0.001). South Asian women had higher levels of hsCRP (median (IQR) 2.2 (1.1-4.4) vs. 1.2 (0.3-4.2)
mg/L), IL-6 (2.3 (1.5-3.2) vs. 1.5 (1.5-2.5) pg/mL), leptin (1647 (1176-2480) vs. 1223 (876-2313) pmol/L), and lower
adiponectin levels (7.2 (5.3-9.3) vs. 10.0 (7.2-13.5) mg/L) and Matsuda ISI (2.4 (1.7-3.7) vs. 4.2 (2.9-6.1), p,<0.01) than
Nordic women. Even after adjusting for these differences, higher NT-proBNP levels remained associated with insulin
sensitivity (22% higher NT-proBNP per SD Matsuda ISI, p=0.015). Insulin sensitivity and adiponectin mediated 53%
and 41% of the ethnic difference in NT-proBNP.
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Conclusions NT-proBNP levels are lower in South Asian than in Nordic women after GDM. Lower NT-proBNP
levels correlate with impaired insulin sensitivity. Lower NT-proBNP levels in South Asian women could, therefore, be
attributed to impaired insulin sensitivity rather than total bodly fat.

Keywords NT-proBNP, Ethnicity, Gestational diabetes mellitus, Heart disease, Insulin sensitivity, Normoglycemia,

Prediabetes, Prevention

Background

Individuals of South Asian origin in high-income coun-
tries have greater risk of cardiovascular disease than
individuals of European descent [1]. Gestational diabetes
mellitus (GDM) is more prevalent in South Asian women
[2, 3], and is a well-described risk factor for future isch-
emic heart disease and heart failure [4—6].

Natriuretic peptides (NPs) exert several beneficial
effects on the cardiovascular system, including vaso-
dilation, diuresis, natriuresis, and suppression of the
renin—angiotensin—aldosterone-system  (RAAS) [7].
Accordingly, NP levels below or within the lower physi-
ological range are also associated with a worse cardio-
metabolic risk profile in individuals without apparent
cardiovascular disease [7, 8]. The biologically active
B-type NP (BNP) and the inactive N-terminal fragment
of the prohormone of BNP (NT-proBNP) are released
into the bloodstream at equimolar concentrations [8].
NT-proBNP play an important role in diagnosing heart
failure and assessing future cardiovascular risk. Higher
levels of NT-proBNP associate with an increased risk of
incident heart failure and worse outcomes [9-11]. Recent
guidelines recommend screening individuals at risk of
heart failure with NT-proBNP, including patients with
diabetes [11, 12].

Interestingly, prospective cohort studies have reported
that NT-proBNP levels are lower in individuals with obe-
sity or diabetes, suggesting that obesity and low insulin
sensitivity may have negative effects on the neurohor-
monal homeostasis provided by the NP [8, 13, 14]. Men-
delian randomization studies also reveal a causal link
between low NP levels and the development of type 2
diabetes [15, 16]. Furthermore, NPs reportedly increase
hepatic and muscle lipid oxidation, and NP deficiency
may, therefore, increase lipid-induced reduction of insu-
lin sensitivity [17]. The latter is believed to be an impor-
tant factor in the development of diabetes in South Asian
individuals [18]. Impaired insulin sensitivity, in general,
is linked to ectopic fat and adipocyte hypertrophy, par-
ticularly in South Asian individuals [18]. Impaired insulin
sensitivity is also associated with chronic inflammation,
which is more common in South Asian populations [19].
Moreover, cardiac NPs have been shown to reduce adi-
pose tissue inflammation by modifying adipokine secre-
tion and, thereby improving insulin sensitivity [7].

Whether the known ethnic differences in cardiometa-
bolic and inflammatory risk markers can account for

potential differences in NT-proBNP levels have not been
evaluated, although such analysis may provide valuable
insights into cardiovascular risk assessments and treat-
ment decisions.

We, therefore, aimed to compare ethnic differences in
the serum concentrations of NT-proBNP and assess the
role of cardiometabolic and inflammatory risk markers
in explaining the potential differences between South
Asian and Nordic women with normal glucose toler-
ance and prediabetes or diabetes 1-3 years after a GDM
pregnancy.

Methods

The DIAbetes in South Asians 1 (DIASA 1) trial was
approved by the South-Eastern Norway Regional Com-
mittee for Medical and Health Research Ethics (reference
number: 2018/689). All participants provided written
informed consent.

Design, study population and data collection
As described in detail previously [20], between Septem-
ber 1, 2018, and December 31, 2021, we invited South
Asian (Pakistan, India, Bangladesh, or Sri Lanka) and
Nordic (Norway, Sweden, Denmark, Finland, or Iceland)
women with a diagnosis of GDM in their last pregnancy
(according to the WHO 1999 [14] or modified Interna-
tional Association of Diabetes and Pregnancy Study
Group (IADPSG) criteria [15]) who delivered 12-36
(£3) months previously at one of three hospitals in the
Oslo area, Norway. All participants were interviewed and
underwent a physical examination at baseline. Medical
history and supplementary information were retrieved
from the electronic medical records.

Height, weight, waist and hip circumferences [16] were
measured at the study visit.

Laboratory analyses

All women underwent an oral glucose tolerance test
(OGTT) after at least eight hours of fasting. Blood was
collected in cooled sodium fluoride tubes for glucose
analysis and kept on ice until centrifugation at 4°C; and
in serum-separating tubes for analyses of other biomark-
ers and centrifuged after 30 min. Plasma glucose was
analysed by enzymatic photometry (Roche Diagnostics,
Mannheim, Germany), and serum C-peptide and insulin
were analysed by electrochemiluminescence immuno-
assay (cobas e601, Roche Diagnostics). The coefficients
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of variation (CVs) were 2.5%, 7%, and 4-5% for glucose,
insulin, and C-peptide, respectively. Serum total cho-
lesterol, high-density lipoprotein-cholesterol (HDL-C),
low-density lipoprotein-cholesterol (LDL-C), and total
triglycerides were analysed by enzymatic photometry
(Roche Diagnostics). The CVs were 3%, 4%, 3.5% and 4%,
respectively. Serum leptin levels were measured by an
enzyme-linked immunosorbent assay (ELISA) kit (Medi-
agnost) with a CV of 10%. Serum adiponectin levels were
analysed by a competitive radioimmunoassay kit (Merck
Millipore) with a CV of 6.6%. Serum blood samples of
high-sensitivity (hs) ¢InT, NT-proBNP, interleukin 6
(IL-6), and hs-C-reactive protein (hsCRP) were analysed
using electrochemiluminescence immunoassays on the
cobas e 801 platform (Roche Diagnostics). Hs-cTnT was
measured by the Elecsys STAT immunoassay with a CV
of 3.9% at 11.8 ng/L and 3.0% at 89 ng/L. The value of 1.5
ng/L was imputed for women with undetectable hs-cTnT
values defined by the manufacture as values below 3
ng/L. NT-proBNP was measured by the Elecsys proBNP
II STAT immunoassay [21], and the CV reported by the
manufacturer was 2.5% at 127 ng/L and 1.3% at 1706
ng/L. The value of 2.5 ng/L was imputed for women with
undetectable NT-proBNP values defined by the manu-
facture as values below 5 ng/L. IL-6 was measured by the
Elecsys IL-6 immunoassay with a CV of 4.9% at 6.4 pg/
mL and 1.4% at 189 pg/mL. HsCRP was measured by the
high-sensitivity Elecsys assay with a CV reported as 3.3%
<5mg/L and 1-5.3% =5 mg/L.

All laboratory analyses were performed at Oslo Univer-
sity Hospital, Aker, except for hs-cTnT, NT-proBNP, IL-6
and hsCRP, which were performed at Akershus Univer-
sity Hospital.

Definitions and calculations

We used the following definitions for body mass index
(BMI) categories: normal weight (BMI<23 kg/m? for
South Asian women, BMI< 25 kg/m2 for Nordic women),
overweight/obesity (BMI>23 kg/m? for South Asian
women, BMI>25 kg/m? for Nordic women [22, 23]).

Prediabetes was defined according to the WHO-Inter-
national Expert Committee criteria: fasting plasma glu-
cose (FPG) 6.1-6.9 mmol/L and/or 2-h plasma glucose
7.8—11.0 mmol/L and/or HbA,  42-47 mmol/mol (6.0-
6.4%) [14, 17]. Diabetes status was defined according to
international standards but based on a single measure-
ment of elevated glucose [18, 19].

Participants with prediabetes or diabetes were clus-
tered together in the DIASAL1 study due to the low num-
ber of women with diabetes [20].

Insulin sensitivity was estimated using the homeo-
static model assessment2-sensitivity (HOMA2-S) [24, 25]
and by calculating the Matsuda insulin sensitivity index
(Matsuda ISI) as 10,000/V (fasting serum insulin [ulU/
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mL] X FPG [mg/dL]) x (mean OGTT insulin [ulU/mL]) x
(mean OGTT glucose [mg/dL]) [24].

We defined low insulin sensitivity as Matsuda ISI<1.9
(calculated as values<25% quartile).

Statistical analyses

Characteristics were presented as mean (SD), median
(interquartile range (25-75th percentile), IQR), or num-
ber [%]. To compare differences between groups, we
used independent t-tests for normally distributed data,
Mann-Whitney tests for non-normally distributed data,
and Fisher’s exact tests for categorical variables. Variables
were log-transformed to approximate normality if neces-
sary. We used boxplots of NT-proBNP levels to visual-
ize ethnic differences by (1) BMI categories, (2) insulin
sensitivity and (3) glucose tolerance. Linear regression
analyses were performed to identify determinants of
NT-proBNP levels. Covariates with p values<0.25 or
theoretically relevant covariates were included in mul-
tivariable regression analyses. Model 1 was adjusted for
known confounders for NT-proBNP: ethnicity, age, sys-
tolic blood pressure, and estimated glomerular filtra-
tion rate (eGFR). Model 2 was adjusted for variables in
Model 1+IL-6, and not hsCRP due to a high correlation
between the two. As leptin correlates closely with body
fat, and BMI reflects many other dimensions of the body
weight such as lean mass and is difficult to compare
across ethnicities, we used only leptin (and not BMI) in
the regression analyses [22, 26]. Therefore, Model 3 was
adjusted for variables in Model 2+leptin levels. Model 4
was adjusted for variables in Model 3+adiponectin lev-
els. Finally, Model 5 was adjusted for variables in Model
4+insulin sensitivity (by Matsuda ISI). We performed
separate analyses of South Asian and Nordic women, and
of normoglycemic and prediabetes/diabetes women. The
results were expressed as beta-coefficients with 95% CI.
Because we used log-transformed dependent variables,
we exponentiated the beta-coefficient for the indepen-
dent variables to characterise its multiplicative effect on
the absolute NT-proBNP levels.

Finally, we performed a mediation analysis to provide
information about how much of the exposure difference
(i.e., ethnic difference) to an outcome (i.e., NT-proBNP)
is due to a covariate (e.g., insulin sensitivity). The media-
tor is a covariate that is affected by the exposure and
affects the outcome. If the relationship between the expo-
sure and the outcome decreases or becomes nonsignifi-
cant, this relationship is partially or completely mediated
through the mediator. Several parallel mediators were
examined: age, BMI, systolic blood pressure, eGFR, IL-6,
hsCRP, leptin, adiponectin, and insulin sensitivity (by
Matsuda ISI).

For all analyses p-values<0.05 were considered statis-
tically significant, but for the correlation and interaction
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Table 1 The participants'characteristics by ethnicity

South Nordic p
Asian n=107 value
n=162 [40%]
[60%]
Age (years) 346 (4.1) 36.5 (4.9) <0.001
Time since index pregnancy 16.1 18.8 0.074
(months)* (13.1-254)  (14.8-25.9)
Weight (kg) 739(146) 81.7(19.7)  <0.001
Height (cm) 1595 (6.4) 166.9 (6.1) <0.001
BMI (kg/mz) 29.0 (5.3) 29.3(6.9) 0.676
Ethnic-specific overweight/ 150 [93] 75[70] <0.001
obesity
Waist-to-height ratio 0.61(0.07) 0.58 (0.09) 0.002
Systolic blood pressure (mmHg) 115 (10) 118(11) 0.015
Diastolic blood pressure* (mmHg) 75(70-80) 77 (72-82) 0.080
Fasting plasma glucose (mmol/L) 5.8 (0.7) 5.7(0.8) 0.150
2-h OGTT glucose (mmol/L) 871.7) 79 (2.6) 0013
HbA, . (mmol/mol) 39 (5) 36 (4) <0.001
HbA,  [%)] [57 (2.6)] [54(2.5)] <0.001
Prediabetes/diabetes 114 [70] 50 [47] <0.001
Fasting insulin® (pmol/L) 104 64 (45-99)  <0.001
(74-154)
Fasting c-peptide (pmol/L) 1006 (304) 836 (330) <0.001
Total cholesterol (mmol/L) 44(0.7) 43(0.8) 0374
Triglycerides* (mmol/L) 1.10 0.90 <0.001
(0.83-1.60)  (0.70-1.20)
High density lipoprotein choles-  1.13(0.26)  1.28(0.31)  <0.001
terol (mmol/L)
Low density lipoprotein choles- 2.97 (0.65) 2.89(0.78) 0.353
terol (mmol/L)
eGFR (mL/min/1.73m?) 117(10) 11101 <0.001

Patient characteristics are presented as mean and (standard deviation, SD) or
*median and (25-75th percentile) or number (n) and [%]

Ethnicity-specific overweight/obesity: BMI>23 kg/m? for South Asian women,
BMI>25 kg/m? for Nordic women

analyses a p-value<0.001 was used to reduce the num-
ber of sporadic findings as correlations and interactions
among all the covariates in Model 5 were examined. SPSS
27 and STATA 17 were used for the statistical analyses.

Results

Baseline characteristics

At a median (IQR) of 16.8 (13.4—25.6) months after GDM
70% of the South Asian and 47% of the Nordic women
had prediabetes or diabetes (p<0.001). BMI did not dif-
fer between the ethnic groups, but the proportion of
overweight and obesity by ethnic-specific BMI criteria
was higher in South Asian than in Nordic women. South
Asian women were younger and had higher waist-to-
height ratio than comparable Nordic women. The South
Asian women also had lower systolic blood pressure and
HDL cholesterol levels, and higher HbAlc, insulin, tri-
glycerides and eGFR levels than the Nordic participants
(Table 1).
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Table 2 Ethnic differences in cardiac, inflammation, adipokine
and insulin sensitivity markers

South Asian Nordic p-
n=162 n=107 value
Cardiac NT-proBNP 26 (15-38) 42 (22-66) <0.001
(ng/L)
Troponin T <3(<3-<3) <3(x3<3) 0709
(ng/L)
Inflammation CRP (mg/L) 22(1.1-44) 12(03-42) 0.003
Interleukin 6 23(1.5-32) 15(5-25) <0001
(pg/mL)
Adipokines Leptin 1647 1223 0.004
(pmol/L) (1176-2480) (876-2313)
Adiponectin 72(53-93) 100 <0.001
(mg/L) (7.2-13.5)
Insulin HOMA2-S 50 (35-74) 82 (54-116)  <0.001
sensitivity
Matsuda-ISI 24(1.7-37) 42(9-6.1) <0.001

Data presented as medians (25-75th percentiles) or numbers (n) and [%]

HOMAZ2-S: HOMA2-sensitivity, ISI: insulin sensitivity index, NT-pro BNP:
N-terminal pro B-type natriuretic peptide. p-value for South Asian vs. Nordic
women

Ethnic differences in NT-proBNP
The median (IQR) NT-proBNP level in the total popula-
tion was 31 (17-50) ng/L. South Asian women had lower
levels of NT-proBNP than Nordic women in both the
normoglycemic (median (IQR) 29 [17-37] vs. 40 (22—
58) ng/L, p=0.005) and prediabetes/diabetes groups (22
[14-39] vs. 44 (21-74) ng/L, p<0.001). Three (2%) South
Asian and six (6%) Nordic women had NT-proBNP lev-
els>125 ng/L, which is a cut-off used to signify high risk
of heart failure. A total of 15 (9 South Asian and 6 Nor-
dic) women had NT-proBNP levels<5 ng/L. Hs-cTnT
concentrations were below the lower detection level in
>95% of participants, and we found no difference in hs-
cTnT levels between South Asian and Nordic women
(median (IQR)<3 (<3-<3) ng/L vs.<3 (<3-<3) ng/L,
p=0.709) (Table 2, Additional file 1: Table S1 and Fig. S1).
South Asian women had significantly higher levels of
hsCRP, IL-6 and leptin, and significantly lower adipo-
nectin levels than Nordic women (Table 2). Normogly-
cemic South Asian women had similar concentrations of
hsCRP, IL-6, leptin and adiponectin as women with pre-
diabetes or diabetes (Supplementary Table 1). All mark-
ers of insulin sensitivity were significantly lower in South
Asian than in Nordic women (Table 2), independent of
glucose tolerance status (Additional file 1: Table S1).

Relationship with ethnic-specific BMI and insulin
sensitivity
In the total population, NT-proBNP levels did not vary
across BMI categories (Fig. 1).

In women who were overweight or obese, South Asian
women had lower NT-proBNP levels than Nordic women
(Fig. 1A). In women with normal insulin sensitivity or
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Fig. 1 Median NT-proBNP levels (ng/L) by (A) ethnicity-specific BMI categories (overweight/obesity: BMI > 23 kg/m? for South Asian women, BMI > 25 kg/
m? for Nordic women) (B) insulin sensitivity Index (insulin-resistant: Matsuda 1S1< 1.9) and (C) glucose tolerance (prediabetes/diabetes: FPG> 6.1 mmol/L
and/or 2-h plasma glucose = 7.8 mmol/L and/or HbA, =42 mmol/mol (= 6.0%)) in South Asian (red) and Nordic women (blue) after gestational diabetes.
*p-value <0.05, **p-value <0.01, *** p-value <0.001
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normal glucose tolerance, South Asian had lower NT-
proBNP levels than Nordic women (Fig. 1B and C).
Among women with impaired insulin sensitivity by Mat-
suda ISI, we found no differences in NT-proBNP levels
between the ethnicities (Fig. 1B), but in women with pre-
diabetes or diabetes South Asian women had lower NT-
proBNP levels than Nordic women (Fig. 1C).

NT-proBNP levels were higher in insulin-sensitive than
in insulin-resistant individuals among both South Asian
and Nordic women (Fig. 1B).

Predictors of NT-proBNP

NT-proBNP correlated with eGFR (r=-0.206, p<0.001),
fasting s-insulin (r=-0.361, p<0.001), adiponectin
(r=0.293, p<0.001), HOMA2-S (r=0.355, p<0.001), and
Matsuda-ISI (r=0.369, p<0.001), but not significantly
with BMI (r=-0.065, p=0.287) (Additional file 1: Table
S2).

As shown in Table 3, after adjusting for known con-
founders for NT-proBNP (Model 1), inflammatory
markers (Model 2) and leptin levels (Model 3), Nordic
ethnicity remained associated with higher NT-proBNP
levels (p=0.027). This association was lost when we fur-
ther adjusted for adiponectin levels (Model 4) and insulin
sensitivity (Model 5). Then, only higher Matsuda ISI (22%
higher NT-proBNP per SD Matsuda ISI, p=0.015) and
higher systolic blood pressure (15% higher NT-proBNP
levels per SD higher systolic blood pressure, p=0.039)
were associated with higher NT-proBNP levels (Table 3).
In relation to NT-proBNP, we found a significant inter-
action between leptin levels and insulin sensitivity (Mat-
suda ISI) (Pipteraction <0-001), such that NT-proBNP levels
did not increase with higher leptin levels in women with
low insulin sensitivity.

A sensitivity analysis replacing leptin with BMI was
performed to link the more common used BMI to NT-
proBNP levels. This did not alter our results substantially
(Additional file 1: Table S3).

In the subgroup analysis of South Asian women, higher
Matsuda ISI (24% higher NT-proBNP levels per SD
higher Matsuda ISI (p=0.030)), lower leptin levels (23%
lower NT-proBNP levels per SD higher leptin (p=0.009))
and higher IL-6 levels (20% higher NT-proBNP levels per
SD higher IL-6 levels (p=0.047)) were associated with
higher NT-proBNP levels in the fully adjusted Model 5
(Additional file 1: Table S4).

In Nordic women, only higher Matsuda ISI (32% higher
NT-proBNP levels per SD higher Matsuda ISI (p=0.020)
was associated with higher NT-proBNP levels in the fully
adjusted Model 5 (Additional file 1: Table S4).

In women with normal glucose tolerance, lower leptin
levels (24% lower NT-proBNP levels per SD higher leptin
(p=0.030)) and lower age (22% lower NT-proBNP lev-
els per SD higher age (p=0.038)) were associated with

Table 3 Predictors of NT-proBNP (ng/L) concentrations (log transformed) in unadjusted and adjusted linear regression analyses

Model 5
Std B

Model 4
Std B

Model 3
Std B

Model 2
Std B

Model 1
Std B

Unadjusted
Crude B
—0.201

0.116

P

p

p

p

p

p

0.686
0.927

—-0.031

0.006
0.139

0.171

—-0.096
0.023

0.027

—-0.148
0.029

011

—-0.161 0.

0.041

015

—-0.155 0.

0.032

<0.001
0.057

Ethnicity

0.740
0.061

0.532 0.673
0.124

0.085
0.

0.632

Age (years)

0.039

0.027 0.120

0.141

0.065 0.286 0.093
0.084

0.085

0.105

Systolic blood pressure (mmHg)

eGFR (mL/min/1.73m?)

0.115

-0.114
0.040

0.102
0.633

-0.116
0.031

0.053

-0.136
0.051

-0.116
—-0.022

-0.117

0.005

71

0.1
—-0.064
—0.155

0.238

0.547
0.358
0.132

0.

0437

Al

0.294
0.015

Interleukin-6 (pg/mL)

Leptin (pmol/L)

-0.131 0.052 -0.067
0.162 0.109
0.200

0.009

-0.178

0.018

<0.001
<0.001

Adiponectin (mg/L)

Matsuda ISI

015

0.265

Model 1 (ethnicity, age, systolic blood pressure, eGFR), model 2 (model 1+interleukin —6), model 3 (model 2+leptin), model 4 (model 3+adiponectin) and model 5 (model 4+Matsuda ISI (insulin sensitivity index))

For all analyses p-values <0.05 were considered significant
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higher NT-proBNP levels in the fully adjusted Model 5
(Additional file 1: Table S5). In the prediabetes and diabe-
tes group, greater Matsuda ISI (38% higher NT-proBNP
levels per SD higher Matsuda ISI (p<0.001)) turned out
to be the most important factor for predicting higher
NT-proBNP levels after adjusting for all variables (Addi-
tional file 1: Table S5).

Mediation analyses of ethnic differences in NT-proBNP

We tested whether some of the associated phenotypic
traits or biomarkers could mediate the ethnic differences
shown in NT-proBNP. We found that insulin sensitivity
(by Matsuda ISI), adiponectin and eGFR mediated 53%,
41% and 14%, respectively, of the ethnic difference in NT-
proBNP levels (Additional file 1: Table S6).

Discussion

In this cohort of women 1-3 years after GDM, we
demonstrate that South Asian women have lower NT-
proBNP levels compared to Nordic women. This was
related to South Asian women’s lower insulin sensitivity
and unfavourable adipokine profile, as the majority of
the difference in NT-proBNP levels could be explained
by these factors. These findings may be important when
evaluating NT-proBNP levels in South Asian and insu-
lin resistant individuals, and enhance our understanding
of cardiovascular disease in individuals of South Asian
origin.

Ethnic differences in NT-proBNP

South Asian women had lower NT-proBNP levels than
Nordic women. This finding was consistent in both
women with normoglycemia and prediabetes/diabetes
and is in line with previous data on ethnic differences in
NT-proBNP levels [27, 28]. These studies suggest that
differences in NT-proBNP processing and clearance are
possible mechanisms behind the lower levels in young
healthy African vs. White American individuals. We add
novel data to this field by demonstrating that the differ-
ence in ethnicity was related to South Asian women’s
impaired insulin sensitivity and an unfavourable adipo-
kine profile. We are not aware of previous studies that
have reported similar findings.

Although a positive association between NT-proBNP
levels and insulin sensitivity could be expected [29-32],
the link to ethnic differences has not been previously
described. Importantly, regular measurements of NT-
proBNP to assess heart failure risk in patients with dia-
betes have recently been recommended by the American
Diabetes Association (ADA) [11, 12], and concentra-
tions>125 ng/L have been suggested as a threshold to
identify individuals at risk, independent of glucose lev-
els [33, 34]. Our findings highlight the need for studies
to establish the impact of ethnicity on cut-off levels for
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NT-proBNP to assess cardiovascular risk, which also is in
accordance with available literature [27, 28].

Impaired insulin sensitivity [18] and an unfavourable
inflammatory [19, 35] and adipokine profile [36] have
been demonstrated to be present years before the diag-
nosis of prediabetes or type 2 diabetes among South
Asian individuals. Accordingly, we found lower hepatic
and whole-insulin sensitivity, and adverse inflammatory
and adipokine profiles at a younger age in South Asian
vs. Nordic normoglycemic women. This may explain
the younger age of onset of heart failure in South Asian
than in Western individuals [37] as data show that higher
leptin and lower adiponectin levels are associated with
activation of the RAAS system and volume overload [38].
Furthermore, the well-known lower insulin sensitivity
linked to factors such as more ectopic fat [18, 39, 40] and
lower muscle mass [41] in South Asian individuals may
reflect their lower NT-proBNP levels as NPs are sug-
gested to enhance lipolysis and energy expenditure [7, 8].

Predictors of NT-proBNP levels

The difference in NT-proBNP levels among ethnicities
did not persist after adjustment for the lower insulin sen-
sitivity and unfavourable adipokine profile in South Asian
women. In accordance with previous studies [30, 31] and
with our correlation analyses, although a low correla-
tion was found, impaired insulin sensitivity was the fac-
tor that most strongly associated with NT-proBNP levels
[42]. As 30% of symptomatic heart failure patients with
preserved ejection fraction have normal NT-proBNP lev-
els (<100 ng/L) [43], it would be of interest to investigate
whether low insulin sensitivity could explain a part of this
paradox.

We did not find an association between levels of
inflammatory markers and NT-proBNP. There was a
correlation between lower IL-6 and higher NT-proBNP
levels, but this did not persist in adjusted models. In
patients with heart failure, however, higher concentra-
tion of inflammatory markers associate with worse out-
comes and higher levels of natriuretic peptides [44]. As
our cohort of women was substantially younger, without
heart failure and low NT-proBNP levels, we believe the
lack of association reflects the differential information
provided by natriuretic peptides depending on the clini-
cal setting.

The interaction analysis showed that higher leptin lev-
els were associated with lower NT-proBNP levels in indi-
viduals with low insulin sensitivity. Higher leptin levels
correlate well with higher body fat [26]. Furthermore,
obese individuals have increased levels of circulating and
membrane-bound NP receptor C (NPR-C) in adipocytes
[45], which aids in NP clearance and could explain our
finding of lower NT-proBNP levels with higher leptin
levels in South Asian women. However, in contrast to
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BNP, NT-proBNP is not cleared by NPR-C. The clear-
ance mechanisms of NT-proBNP is unclear, but it is pos-
tulated that >50% of the total clearance occurs in renal
tissue [46]. In our multivariate analyses, we adjusted for
ethnic differences in eGFR. We did not measure other
clearance mechanisms for NT-proBNP. Therefore, fur-
ther research on this topic is needed. We also found that
higher adiponectin levels were associated with higher
NT-proBNP levels.

Our findings are in line with previous data [7] and indi-
cate that cardiac NP activation may modulate adipokine
secretion and low-grade inflammation in adipose tissue
leading to improved insulin sensitivity. This theory is
further supported by our data as higher leptin (or body
fat) levels were important for predicting low NT-proBNP
levels in women with normal glucose tolerance, while
impaired insulin sensitivity was the most important fac-
tor after developing prediabetes/diabetes.

Mediation analyses of ethnic differences in NT-proBNP
Adjustment for ethnic differences in body fat (leptin
levels) attenuated the ethnic difference in NT-proBNP
levels. However, adjustment for insulin sensitivity and
adiponectin levels were the only factors that made this
difference nonsignificant. These findings again suggest
that impaired insulin sensitivity was the most impor-
tant factor explaining South Asian women’s lower NT-
proBNP levels, followed by an adverse adiponectin
profile and a higher renal filtration rate compared to
Nordic women. Our findings thus lend support to initia-
tives that recommend strong preventive measures against
central fat accumulation and thereby impaired insulin
sensitivity, as central and ectopic fat are thought to be
instrumental for increased diabetes risk in South Asian
populations. Importantly, lifestyle intervention in the
Diabetes Prevention Program (DPP) study was associated
higher cardiac NT-proBNP levels with improved insulin
sensitivity, independent of weight status [30]. Impaired
insulin sensitivity and glycemic control are further linked
to increased heart failure risk, even in individuals with
recent-onset diabetes or at a younger age [11], and may,
therefore, account for a substantial fraction of the dispar-
ities in cardiovascular disease incidence between South
Asian and White populations [1, 47].

Limitations

A limitation of our study is the cross-sectional design,
and we cannot exclude confounding or reverse causation.
Second, we did not measure other natriuretic peptides,
such as ANP or BNP due to shorter half-life. However,
previous reports suggest high correlation between NT-
proBNP and the other cardiac natriuretic peptides [27,
29]. Third, no data on cardiac structure or function were
available. Some women, particularly those with obesity,
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may have subclinical diastolic dysfunction, although
this is less likely due to their young age and overall low
NT-pro-BNP levels. Fourth, we lack data on potential
confounders like dietary salt intake and levels of physi-
cal activity. Further, we defined glucose tolerance by
the WHO criteria, in order to have one definition for
the whole cohort. We believe this is the most correct
approach for two reasons: [1] The WHO criteria are rec-
ommended in the Nordic population; and [2] previous
studies have demonstrated that the excess cardiovascular
risk in individuals with prediabetes is mainly explained
by other cardiometabolic risk factors beyond hyperglyce-
mia [48]. Some of our findings may, therefore, not appli-
cable to women with prediabetes defined by the ADA
criteria. Finally, no information on genetic factors that
might influence NT-proBNP levels was available, such
as differences in the NPPB (promoter region of the BNP)
gene allele.

Conclusions

South Asian women had lower NT-proBNP levels than
Nordic women after GDM. This difference was related
to South Asian women’s lower insulin sensitivity and
unfavourable adipokine profile. These findings suggest
that ethnicity and insulin sensitivity should be taken into
account when interpreting NT-proBNP levels.
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