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Abstract
Aims/hypothesis The aim of this study was to assess the inter-
action between melatonin receptor 1B gene (MTNR1B)
rs10830963 polymorphism and lifestyle intervention during
pregnancy on occurrence of gestational diabetes mellitus
(GDM) in high-risk women.
Methods This is a secondary analysis of the randomised con-
trolled gestational diabetes prevention trial ‘RADIEL’, con-
ducted between 2008 and 2014 in four maternity hospitals in
southern Finland. A total of 226 women with a history of
GDM and/or a pre-pregnancy BMI≥30 kg/m2 were enrolled

at <20 weeks of gestation (mean 13 weeks) and randomised
into an intervention group receiving counselling on diet, phys-
ical activity and weight control and a control group receiving
standard antenatal care. The main outcome was incidence of
GDM, defined as one or more pathological glucose values in a
standard 75 g 2-h OGTT. The MTNR1B rs10830963 was
genotyped for further analyses.
Results No significant differences were found in the genotype
distribution between the intervention and the control group. A
significant interaction was observed between the rs10830963
genotypes and the lifestyle intervention on age-adjusted
occurrence of gestational diabetes (p=0.038). Among women
homozygous for the C allele of rs10830963, the OR for GDM
was significantly lower in the intervention group than in the
control group (OR 0.16 [95% CI 0.03, 0.85], p=0.014). This
difference was not seen in women heterozygous (OR 0.88
[95% CI 0.32, 2.41], p=0.798) or homozygous (OR 2.25
[95% CI 0.34, 14.69], p=0.384) for the risk allele G.
Conclusions/interpretation In women at high risk of GDM,
only those not carrying the risk allele G benefited from the
lifestyle intervention. Our results indicate that certain genetic
risk variants may modify the effectiveness of lifestyle inter-
ventions. This may provide important information when plan-
ning GDM prevention studies in the future.
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Introduction

Worldwide, the incidence of gestational diabetes (GDM) is
increasing [1], as is evidence regarding the adverse effects of
GDM on the short- and long-term health outcomes of both the
mother and the offspring [2]. Evidence is accumulating
regarding the role of genetic factors in the aetiology of
GDM [3] together with the well-known clinical risk factors
overweight and obesity.

Studies assessing the common etiological factors of type 2
diabetes and GDM have revealed associations between GDM
and genetic susceptibility loci for type 2 diabetes [3]. Among
these, the risk allele (G) of rs10830963 in the melatonin re-
ceptor 1B (MTNR1B) gene (MTNR1B) shows the highest OR
for GDM in a Finnish study [4].

MTNR1B is one of the seven transmembrane G-protein-
coupled melatonin receptors expressed in the central nervous
system and in the peripheral tissues including the pancreatic
beta cells [5].

The hormone melatonin is mainly secreted from the pineal
gland in response to darkness in a diurnal fashion [6]. It
mediates the involvement of circadian rhythms in physiolog-
ical functions mostly by binding to the MTNR1A or
MTNR1B isoforms. Evidence links melatonin with decreased
insulin secretion [6].

The results of several intervention trials aimed at reducing
GDM have been inconsistent and discouraging [7]. We
hypothesised that these inconsistent results may in part be
due to genetic factors, such as the rs10830963 polymorphism
in MTNR1B.

To investigate whether genetic variation in MTNR1B may
modify the GDM outcome of a lifestyle intervention, we
genotyped the rs10830963 in the GDM prevention trial
(RADIEL), targeting women at high risk for GDM [8]. To
our knowledge, no studies have assessed the interaction be-
tween genetic variants and the outcome of GDM prevention.

Methods

This is a secondary analysis of the randomised controlled
GDM prevention trial ‘RADIEL’ (ClinicalTrial.gov registra-
tion no. NCT01698385), conducted between February 2008
and January 2014 in four maternity hospitals in southern
Finland and approved by the Ethics Committee of Helsinki
University Central Hospital. A total of 269 women over
18 years of age with a history of GDM and/or a pre-
pregnancy BMI≥ 30 kg/m2 and no overt diabetes at study
inclusion were enrolled at ≤20 weeks of gestation (on average
13 weeks) and randomised into an intervention group
(n=144) receiving counselling on diet and physical activity
and a control group (n=125) receiving standard antenatal
care. All study participants gave informed consent. The main

outcome was incidence of GDM, defined according to ADA
2008 criteria as one or more pathological glucose values in a
75 g 2-h OGTT at 24-28 weeks of gestation.

The design, the power calculation and the main results of
the RADIEL intervention trial have been published previously
[8].

DNA was extracted from whole blood samples using
Qiagen Maxipreps (Qiagen, Valencia, CA, USA).
Rs10830963 was genotyped using a Sequenom iPLEX plat-
form (Sequenom, San Diego, CA, USA). Rs10830963 was
successfully genotyped in 226 participants. The genotypes
were in HWE (p=0.30), genotyping success rate was 84%,
and repeated genotyping was performed in a random sample
of 5% of the participants with a concordance rate of 100%.

HOMA-IR was calculated using computer-generated
HOMA2 index (www.dtu.ox.ac.uk, assessed 5 November
2014).

Data are reported as means (SD) or counts (percentages).
The comparison of the baseline characteristics between the
different rs10830963 genotype carriers was made using χ2 test
or regression analysis with pre-defined analysis of variance
type contrasts and Bonferroni corrected post hoc tests.
Logistic regression analysis was applied to assess unadjusted
and age-adjusted association between rs10830963 and GDM.
The age-adjusted interaction between rs10830963 and life-
style intervention on GDMwas assessed using logistic regres-
sion models including the main effects of genotype and inter-
vention group, and their multiplicative term. Bootstrap type
analysis with 10,000 replications was applied in the case of
violation of assumptions. Significance: p values<0.05 were
considered to be statistically significant. Analyses were per-
formed with Stata/SE 13.1 (StataCorp, TX, USA).
Simulations were used to calculate post hoc power for the
interaction term by using the actual data from this study.

Results

The minor allele frequency was 0.34 and no significant differ-
ences in genotype frequencies existed between the interven-
tion groups. At baseline, the G allele was associated with a
lower pre-pregnancy BMI (p = 0.03), insulin (p = 0.04),
HOMA-IR (p< 0.005), total cholesterol (p= 0.02), LDL-
cholesterol (p < 0.01) and with higher HDL-cholesterol
(p<0.005) (Table 1).

In total, GDM occurred in 17% of all 226 participants, and
rs10830963 was associated with overall occurrence of GDM
(unadjusted OR 1.82 [95% CI 1.10, 3.02], p=0.019). This
association remained significant after adjustment for age
(OR 1.77, 95% CI 1.07, 2.92, p=0.026).

An interaction (p=0.038, post hoc power 64%) appeared
between rs10830963 and the lifestyle intervention on age-
adjusted occurrence of GDM. The rs10830963 genotype
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was positively associated with occurrence of GDM in the
intervention group (p for linearity=0.003) but not in the con-
trol group (p for linearity=0.991). Among women homozy-
gous for the C allele of rs10830963, risk for GDM was sig-
nificantly lower in the intervention group than in the control
group (OR 0.16 [95% CI 0.03, 0.85], p=0.014). This differ-
ence was not seen in women heterozygous (OR 0.88 [95% CI
0.32, 2.41], p=0.798) or homozygous (OR 2.25 [95% CI
0.34, 14.69], p=0.384) for the risk allele G (Fig. 1).

Discussion

Among women at high risk for GDM, only those not carrying
the rs10830963 risk allele G seem to benefit from the
RADIEL lifestyle intervention. Our results suggest that the
risk for GDM associated with one or two copies of the
rs10830963 risk allele G is not modifiable by the otherwise
successful lifestyle intervention in the RADIEL study.

Melatonin and its receptor MTNR1B together play an im-
portant role in glucose homeostasis. The risk G allele of
rs10830963 in MTNR1B has been associated with elevated
fasting glucose levels and with decreased early insulin

secretion in response to glucose [5], as well as with decreased
insulin sensitivity [9]. In addition, the risk allele has also been
associated with increased expression of MTNR1B in pancre-
atic beta cells, thereby possibly enhancing the melatonin effect
of impaired early insulin secretion [5].

Table 1 Genotype frequencies ofMTNR1B polymorphism rs10830963. Clinical characteristics at baseline according to genotype in 226 participants
from the RADIEL trial

Total, n= 226 CC n = 103 CG n= 94 GG n= 29 p valuea p value for
CC/CG

p value for
CC/GG

p value for
CG/GG

Genotype frequency
(%)

46 42 13

Intervention group, I/Cb

n, (%)
55 (46) / 48 (45) 47 (39) / 47 (44) 18 (15) / 11 (10) 0.52

Age (years) 32.5 (4.6) 32.1 (4.5) 32.4 (4.7) 34.0 (4.7) 0.15 1.00 0.16 0.35

Gestational weeks 23.0 (1.4) 23.1 (1.3) 22.9 (1.5) 22.8 (1.3) 0.48 1.0 0.81 1.00

Pre-pregnancy BMI (kg/m2) 31.7 (5.8) 32.8 (5.3) 30.9 (6.0) 30.4 (6.0) 0.03 0.06 0.16 1.00

Weight (kg) 89.4 (17.0) 91.5 (15.0) 87.5 (18.5) 87.7 (18.4) 0.22 0.31 0.92 1.00

Systolic BP (mmHg) 121.5 (13.3) 122.8 (13.3) 120.5 (12.1) 120.2 (16.4) 0.44 0.68 1.00 1.00

Diastolic BP (mmHg) 77.4 (8.9) 77.0 (8.7) 77.6 (8.5) 78.3 (10.5) 0.75 1.00 1.00 1.00

Fasting plasma
glucose (mmol/l)

4.9 (0.2) 4.9 (0.2) 4.9 (0.2) 4.9 (0.3) 0.85 1.00 1.00 1.00

HbA1c (%) 5.2 (0.27) 5.2 (0.26) 5.2 (0.31) 5.2 (0.22)

HbA1c (mmol/mol) 33.5 (3.0) 33.5 (2.8) 33.7 (3.4) 32.8 (2.4) 0.33 1.00 0.56 0.47

Insulin (pmol/l) 51.5 (39.8) 55.9 (25.9) 46.0 (26.8) 54.3 (89.0) 0.04 0.04 1.00 1.00

HOMA-IR 1.1 (0.5) 1.2 (0.5) 1.0 (0.6) 0.9 (0.4) <0.005 0.13 <0.005 0.24

Total cholesterol (mmol/l) 4.9 (0.9) 5.0 (1.0) 4.7 (0.8) 5.0 (0.7) 0.02 0.02 1.00 0.21

HDL-cholesterol (mmol/l) 1.7 (0.3) 1.7 (0.3) 1.8 (0.4) 1.8 (0.2) <0.005 0.10 <0.005 0.61

LDL-cholesterol (mmol/l) 2.8 (0.7) 3.0 (0.8) 2.6 (0.6) 2.7 (0.6) <0.01 <0.005 0.29 1.00

Total triacyglycerol (mmol/l) 1.3 (0.7) 1.4 (0.6) 1.3 (0.7) 1.3 (0.6) 0.45 0.63 1.00 1.00

Data are mean (SD) unless otherwise stated
a Associations between the clinical characteristics at baseline andMTNR1B rs10830963 genotypes were tested using ANOVA (continuous variable) and
X2 test (categorical variables)
b I, intervention group; C, control group
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Fig. 1 Association between MTNR1B rs10890363 polymorphism and
age-adjusted occurrence of GDM in the control group (white circles,
p for linearity = 0.991) and in the lifestyle intervention group (black cir-
cles, p for linearity = 0.003) (p for interaction = 0.038) in 226 women
participating in the RADIEL trial. Error bars indicate 95% CIs
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The G allele carriers were less insulin resistant at baseline
and at higher risk of GDM during follow-up. The mechanism
behind this may be an effect of the risk allele on the insulin
production documented in several previous studies. The suc-
cess of a lifestyle intervention aiming at preventing GDM is
probably mediated mainly through the diminishing of
increased insulin resistance. As the main reason for increased
GDM risk among the G allele carriers seems to be impaired
insulin production, we hypothesise that they may not benefit
as much as the non-risk allele carriers from a reduced increase
in insulin resistance.

The presence of risk alleles in different susceptibility loci
might at least partly explain the inconsistent results of previ-
ous GDM prevention trials. Interestingly, the rs10830963 as-
sociates with the outcome of an intervention that targets
weight loss [10]. The mechanism linking risk allele presence
with intervention failure has yet to be determined. Further
studies should investigate whether other susceptibility loci
affect the outcome of lifestyle interventions. This knowledge
may improve the targeting and cost-effectiveness of future
GDM prevention strategies.

The strength of this study lies in its unusual design, adding
to the knowledge of factors that may affect the result of GDM
prevention interventions. It would be highly interesting to ap-
ply new diagnostic criteria to this study. However, we consider
re-analysing the data according to the IADPSG 2010 defini-
tion of GDM inappropriate since the design of this study is
based on the 2008 ADA definition. Applying the IADPSG
2010 definition of GDM in retrospect is not possible since it
would affect the inclusion criteria. Weaknesses of the study
include generalisability of the findings; in populations with
different ethnic backgrounds the role of MTNR1B
rs10830963 may be of lesser importance than in this geneti-
cally relatively homogenous Finnish population. In addition,
the small sample size, the lack of power and the lack of rep-
lication data suggest that the findings should be interpreted
with caution.

Our findings imply that genetic risk factors need further
evaluation, and that they should be taken into account to
optimise the targeting of GDM prevention strategies.
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