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Purpose: Lifestyle intervention studies performed during pregnancy have shown inconsistent 

results in relation to prevention of gestational diabetes mellitus (GDM). Therefore, the aim 

of this study was to assess the effect of an intervention initiated already before pregnancy in 

prevention of GDM in high-risk women.

Patients and methods: A randomized controlled trial was conducted in four Finnish mater-

nity hospitals between the years 2008 and 2014. Altogether 228 high-risk women planning 

pregnancy were randomized to an intervention (n=116) or a control group (n=112). The risk 

factors were body mass index $30 kg/m2 (n=46), prior GDM (n=120), or both (n=62), without 

manifest diabetes at study inclusion. Trained study nurses provided individualized lifestyle 

counseling every 3 months in addition to a group session with a dietician. The control group 

received standard antenatal care. GDM was defined as one or more pathological glucose values 

in a 75 g 2-hour oral glucose tolerance test, performed between 12 and 16 weeks of gestation 

and if normal repeated between 24 and 28 weeks of gestation.

Results: Within 12 months, 67% of the women (n=72) in the intervention group and 63% of 

the women (n=71) in the control group (p=0.84) became pregnant. The cumulative incidence of 

GDM among the women available for the final analyses was 60% (n=39/65) in the intervention 

group and 54% (n=34/63) in the control group (p=0.49). GDM was diagnosed already before 

20 weeks of gestation in 60% (n=44/73) of the cases.

Conclusion: The preconceptional lifestyle intervention applied in the present study did not 

reduce the incidence of GDM.

Keywords: preconception, pregnancy, obesity, nutrition, physical activity

Introduction
During the last decades, both prevalence of overweight and obesity1 and consequently 

the incidence of gestational diabetes mellitus (GDM) have increased.2 GDM refers to 

glucose intolerance that is first recognized during pregnancy.3 Both genetic predisposi-

tion and environmental risk factors play a role in its pathogenesis.4 High body mass 

index (BMI)5 and prior GDM6 are associated with an increased GDM risk. Obesity and 

gestational diabetes are independent risk factors for several short-term7–9 and long-term 

adverse maternal and neonatal outcomes, including type 2 diabetes (T2D).10–12

Lifestyle interventions are known to be effective in the prevention of T2D,13 but studies 

assessing the effect of such interventions during pregnancy on perinatal and neonatal 

outcomes have produced inconsistent results.14–18 In 2015, a Cochrane review assessing 

combined diet and exercise interventions during pregnancy aiming at prevention of 

GDM and associated adverse outcomes concluded that no effect had been seen on the 
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development of GDM, the rate of caesarean sections, or large-

for-gestational-age newborns.19 A more recent meta-analysis 

with data including 11,487 pregnant women concluded, how-

ever, that lifestyle interventions initiated before 15 weeks of 

gestation reduced the risk of GDM by 20%.20 Furthermore, 

adherence to a healthy lifestyle both before and during preg-

nancy is associated with a lower GDM risk.21,22 As reviewed 

by Catalano and deMouzon,23 maternal prepregnancy and 

early pregnancy metabolic conditions program early placental 

function and increase the expression of maternal lipogenic 

and inflammatory genes related to complications of fetal 

overgrowth and GDM. Thus, an intervention initiated before 

pregnancy could theoretically have a significant impact on the 

incidence of GDM and related complications.

This study is part of the Finnish Gestational Diabetes 

Prevention Study (RADIEL) that aimed to prevent GDM and 

its complications in high-risk women through a combined 

physical activity and dietary intervention initiated either 

before pregnancy or during early pregnancy. The interven-

tion that was initiated during early pregnancy succeeded 

in reducing GDM incidence by 36% among women with 

normal oral glucose tolerance test (OGTT) in the first half 

of pregnancy.24 In this manuscript, we present the results of 

the high-risk study population in which the intervention was 

initiated already in the prepregnancy period with the aim to 

reduce the prevalence of GDM. To our knowledge, no pre-

vious randomized study with the aim to prevent GDM with 

a lifestyle intervention initiated in the prepregnancy period 

has been published.

Patients and methods
The Finnish RADIEL study is a multicenter randomized 

controlled trial conducted between February 2008 and 

January 2014 targeting women at high risk for GDM. 

The study took place in the three maternity hospitals of 

the Helsinki metropolitan area (Department of Obstetrics 

and Gynecology, Helsinki University Hospital (HUH); 

Kätilöopisto Maternity Hospital; and Jorvi Hospital) and in 

the South Karelia Central Hospital (SKCH), Lappeenranta, 

Finland. The study was designed to evaluate the efficacy of 

a combined diet and physical activity intervention in GDM 

prevention. The intervention design and methods have been 

published in detail elsewhere.25 This study focuses on the 

part of the RADIEL study in which the intervention was 

initiated before pregnancy.

Participants
Eligible participants were women aged 18 years or older, 

planning pregnancy within 1 year, with BMI $30 kg/m2 

or a previous history of GDM, and with no overt diabetes 

at inclusion. T2D at inclusion was defined as fasting 

plasma glucose $7.0  mmol/L, 2-hour plasma glucose 

level $11.1 mmol/L in a 75 g OGTT, or glycated hemo-

globin (HbA
1c

) $48 mmol/mol.3 Other exclusion criteria 

were use of medication that influences glucose metabolism 

(such as continuous oral corticosteroids or metformin), 

multiple pregnancy, physical disability, current substance 

abuse, severe psychiatric disorder, and significant diffi-

culty to cooperate (such as insufficient Finnish language 

skill). The women who did not become pregnant within 

1  year from their first visit were excluded from further 

analyses. Personal invitation letters were sent out based 

on hospital registry data, and notices in antenatal clinics, 

newspapers, and social media served as additional means 

for recruitment.

In the randomization procedure, we used computer-

generated randomly permuted blocks, stratified by risk 

factors used as inclusion criteria (BMI $30  kg/m2, prior 

diet-treated GDM, and prior drug-treated GDM) and the 

four study sites (ie, 12 strata in total). An independent stat-

istician outside the study group created the randomization 

sequence and prepared the opaque randomization envelopes. 

Study nurses then allocated each participant to the next 

sequentially numbered subject code and the corresponding 

envelope in the appropriate stratum containing information 

on the intervention arm.

Intervention
Participants visited the study nurse once every 3  months 

before pregnancy. During pregnancy, they had structured 

educational visits with the study nurse once in each trimes-

ter in addition to visits to local antenatal clinics according 

to standard practice. During the study visits, those in the 

intervention arm received individually modifiable dietary 

and physical activity counseling from trained study nurses. 

For example, if during pregnancy there were problems such 

as antenatal contractions and the participant was unable to 

exercise, the counseling focused more on dietary aspects. At 

each study visit, participants also filled in questionnaires and 

underwent a physical examination that included anthropo-

metric and blood pressure measurements and collection of 

blood samples as described in detail elsewhere.25 In addition, 

participants in the intervention arm attended a group visit 

with a dietician at the time of study enrollment.

Dietary counseling in the intervention group focused 

on encouraging the use of vegetables, fruits, and berries; 

high-fiber whole grain products; low-fat dairy products; 

vegetable fats high in unsaturated fatty acids; fish and 
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low-fat meat products; and lower intake of sugar-rich foods.26 

The recommendation for physical activity in the interven-

tion group aimed at achieving a minimum of 150 minutes of 

moderate intensity physical activity in a week27 and adopting 

an overall active lifestyle, for example, by increasing house-

hold and commuting physical activity. With the assistance 

of a study nurse, each participant planned an individual-

ized physical activity program that was updated during the 

follow-up.

In the intervention group, a 5%–10% weight loss 

before pregnancy was recommended for women with 

BMI $25  kg/m2 at inclusion. Avoidance of weight gain 

during the first two trimesters was recommended for women 

with a prepregnancy BMI $30 kg/m2.

Usual care
In the control group, participants had the same number of 

visits to the study nurse as the participants in the interven-

tion arm. They also completed the same questionnaires, 

and the same measurements were taken. At inclusion, they 

received information leaflets on healthy diet and exercise 

similar to those routinely provided by local antenatal clinics. 

In addition, the participants in both groups received usual 

antenatal care provided to all Finnish pregnant women by 

public primary healthcare centers. The usual care in the 

primary health care at the time of the trial included 10–15 

visits to a nurse and two to three visits to a physician during 

pregnancy.

Outcomes
The primary end point was incidence of GDM. During 

pregnancy, participants underwent a 75 g 2-hour OGTT at 

~12–16 weeks of gestation, and if normal, it was repeated 

at ~24–28 weeks of gestation unless insulin or metformin 

treatment was initiated earlier. GDM was diagnosed based 

on one or more pathological glucose values in the OGTT. 

The diagnostic thresholds were the same as recommended 

by the American Diabetes Association at the time of the 

study: fasting plasma glucose $5.3 mmol/L, 1-hour value 

$10.0  mmol/L, and 2-hour value $8.6 mmol/L.28 Preec-

lampsia was defined as SBP of $140  mmHg or DBP of 

$90 mmHg occurring after 20 weeks of gestation combined 

with diurnal proteinuria of $0.3  g.29 Pregnancy-induced 

hypertension was defined similarly but without the pres-

ence of proteinuria. Essential hypertension was defined with 

similar blood pressure levels occurring before 20 weeks of 

gestation. Study physicians reviewed the obstetric records 

of all participants and confirmed maternal and perinatal 

diagnoses prior to end point analysis.

The overall quality of diet was assessed with a dietary 

index (the maximum points being 17) based on a food 

frequency questionnaire designed for this study that measured 

the general adherence to the recommended diet.30 Evaluation 

of leisure time physical activity (LTPA) was based on the 

self-reported weekly duration of LTPA that made the partici-

pant at least slightly out of breath and sweating.31

Statistics
The data are presented as mean (SD) or frequencies (%). An 

unpaired t-test for continuous variables and chi-squared test 

for categorical variables were used in comparisons between 

groups. We applied a logistic regression and an analysis for 

covariance model for adjustments of age, BMI, prior GDM 

status, the length of intervention before pregnancy (ie, time 

between the baseline visit and conception), and in addition 

for baseline values. In the case of violation of the assumptions 

(such as nonnormality), a bootstrap-type t-test was used. The 

Shapiro–Wilk W-test was used to test the normality of the 

data. All analyses were performed using STATA software, 

version 14.0 (StataCorp LP, College Station, TX, USA). To 

detect a 15% difference in the incidence of GDM between 

the intervention (20%) and control groups (35%; α=0.05, 

power=80%), a sample of 280 women (140 in each interven-

tion arm) would be needed. With an assumed dropout rate 

of 40%, the total number needed is ~460.

Ethics approval and informed consent
Ethics committees of HUH (September 14, 2006, Dnro 300/

E9/06) and SKCH (September 11, 2008, Dnro M06/08) 

approved the study. The study complied with the Declaration 

of Helsinki. Participants entered into the study voluntarily 

and signed an informed consent form.

Results
We recruited 247 women at high risk for GDM and planning 

pregnancy to the study. The number of women randomized 

was 228 (Figure 1). Of whom, 116 were allocated to the 

intervention group and 112 to the control group. The inclu-

sion criteria were BMI $30 kg/m2 in 46 (20%) women, 

prior GDM in 120 (53%) women, and both in 62 (27%) 

women. The number of women who became pregnant within 

12 months from inclusion was 72 (62%) in the intervention 

group and 71 (63%) in the control group (p=0.84). Two 

(3%) of the pregnancies in the intervention group and three 

(5%) of the pregnancies in the control group began with 

embryo transfer or insemination (p=0.68). No outcome 

data were available for 15 (10%) of the 143 women who 
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conceived, resulting in 128 women for the final analyses 

(Figure 1).

Baseline characteristics of all participants are presented 

in Table 1. No differences were observed in the baseline 

characteristics between randomized women who became 

pregnant compared with those who did not (data not shown), 

but we detected differences within intervention arms. 

Within the control group, women who became pregnant 

demonstrated a 33% obesity rate compared with a 61% obe-

sity rate in women who failed to become pregnant (p=0.003) 

and 87% rate of prior GDM compared with 67% rate of 

prior GDM, respectively (p=0.011). Among the participants 

included in the final analyses, the women in the intervention 

group were more often obese, had a higher waist-to-hip ratio, 

had a higher systolic blood pressure, and had a higher low-

density lipoprotein cholesterol concentration (Table 1).

The cumulative incidence of GDM in the intervention 

group was 60% (n=39) and that in the control group was 54% 

(n=34; p=0.49 and p=0.61, respectively, after adjustments of 

age, BMI, previous GDM status, and the length of preconcep-

tion intervention). The proportion of early GDM (diagnosis 

set in the OGTT performed before 20 weeks of gestation; 

mean 13.3  weeks [SD 2.5  weeks] of gestation) was 64% 

(n=25/39) in the intervention group and 56% (n=19/34) in 

the control group (p=0.47). In the intervention group, 33% 

(13/39) of the women with GDM and in the control group, 

26% (9/34) of the women with GDM needed insulin or met-

formin treatment (p=0.52). Of the participants with GDM in 

the index pregnancy, the proportion of women with prior 

GDM was 90% (n=35/39) in the intervention group and 91% 

(n=31/34) in the control group.

Women belonging to the intervention group had a 

crude reduction in fasting plasma glucose concentration 

of −0.46 mmol/L (95% CI: −0.65 to −0.27 mmol/L) from 

inclusion to the third trimester compared with -0.61 mmol/L 

(95% CI: −0.73 to −0.49  mmol/L) in those belonging 

•

•
•

•

•
•

•

•

•

Figure 1 Study flow of the participants.
Abbreviation: OGTT, oral glucose tolerance test.
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to the control group (p=0.16 and p=0.77, respectively, 

after adjustments of age, BMI, previous GDM status, the 

length of preconception intervention, and baseline glucose 

concentration).

Gestational weight gain, calculated as weight at the third-

trimester visit minus weight at the last prepregnancy visit, 

was 9.6 kg (95% CI: 7.8 to 11.5) in the intervention group 

and 9.2 kg (95% CI: 7.6 to 10.8) in the control group (p=0.71 

and p=0.93, respectively, after adjustment of age, previous 

GDM status, the length of preconception intervention, and 

baseline weight).

Between the baseline and the first trimester visits, the 

participants in the intervention group increased their self-

reported weekly mean LTPA by 24 minutes (95% CI: −15 

to 63 minutes), whereas the change in the control group was 

negative, −12 minutes (95% CI: −50 to 25 minutes; p=0.18). 

In the intervention group, the participants improved their diet, 

ie, their dietary index increased by 1.2 points (95% CI: 0.4 to 

2.1 points), whereas the change was 0.6 points (95% CI: −0.1 

to 1.4 points) in the control group (p=0.28). Further adjust-

ments did not influence these findings.

In the intervention group, 25 (38%) of the participants and 

in the control group, 33 (52%) of the participants attended 

only one study visit before pregnancy. The mean duration 

between the baseline visit and conception was 4.6 months 

(SD 3.6 months) in the intervention group and 3.8 months 

(SD 3.7 months) in the control group (p=0.26). In the inter-

vention group, participants had on average 2.9 visits (range 

1–6 visits) and in the control group, 2.8 visits (range 1–5 

visits) with the study nurse before the first OGTT in preg-

nancy (p=0.12).

No differences were seen between the groups for obstetric 

or neonatal outcomes (Table 2). Further adjustments did not 

change these results.

Discussion
The need for pre- and interconception care programs, 

including prevention of recurrence of GDM, has been 

Table 1 Baseline characteristics of study participants randomized and included in the final analysis

Variables All randomized women Women included in final analysesa

Intervention (n=116) Control (n=112) Intervention (n=65) Control (n=63)

Age (years) 33 (4) 32 (4) 32 (5) 32 (4)
Education (years) 14.8 (2.1) 14.4 (1.9) 14.9 (2.2) 14.5 (1.9)
Current smoking, n (%) 8 (7) 11 (10) 4 (6) 4 (6)
Nulliparous, n (%) 9 (8) 19 (17) 6 (9) 6 (10)
Prior GDM, n (%) 94 (81) 88 (79) 51 (78) 55 (87)
Parental history of diabetes, n (%) 39 (35) 27 (25) 23 (37) 17 (27)
Weight (kg) 83.7 (18.6) 81.1 (18.0) 84.0 (20.0) 78.2 (18.0)
BMI (kg/m2) 30.4 (6.1) 29.4 (5.9) 30.5 (6.3) 28.1 (5.7)*
BMI $30 kg/m2, n (%) 57 (49) 51 (46) 34 (52) 21 (33)*
Waist–hip ratio 0.87 (0.06) 0.85 (0.06) 0.88 (0.07) 0.85 (0.06)*
Metabolic syndrome,b n (%) 44 (38) 40 (36) 26 (40) 24 (41)
Blood pressure (mmHg)

Systolic 123 (12) 121 (12) 123 (12) 118 (11)*
Diastolic 81 (8) 79 (8) 82 (8) 79 (9)

Fasting plasma glucose (mmol/L) 5.51 (0.48) 5.47 (0.47) 5.42 (0.49) 5.50 (0.48)
HbA1c (mmol/mol) 36.2 (3.8) 35.0 (3.7) 35.5 (4.1) 34.7 (3.8)
Impaired glucose regulation,c n (%) 20 (17) 17 (16) 9 (14) 9 (14)
Serum insulin (mU/L) 9.34 (6.06) 8.55 (7.06) 8.61 (5.44) 8.49 (8.24)
HOMA-IR 2.33 (1.60) 2.09 (1.81) 2.14 (2.14) 2.12 (2.15)
Total cholesterol (mmol/L) 4.81 (0.82) 4.67 (0.85) 4.78 (0.78) 4.53 (0.81)
LDL cholesterol (mmol/L) 2.96 (0.78) 2.79 (0.74) 2.93 (0.77) 2.62 (0.64)*
HDL cholesterol (mmol/L) 1.39 (0.33) 1.44 (0.36) 1.36 (0.32) 1.47 (0.36)
Total triglycerides (mmol/L) 1.09 (0.58) 1.03 (0.56) 1.10 (0.55) 0.92 (0.48)
Dietary index (points) 9.7 (2.9) 9.9 (2.8) 10.1 (2.8) 10.4 (2.5)
LTPA (min/week) 116 (153) 102 (81) 101 (75) 100 (94)

Notes: Data are reported as mean (SD), unless otherwise indicated. *p,0.05. aParticipants who became pregnant within 1 year after inclusion and had a viable singleton 
pregnancy with primary outcome data available. bAccording to NCEP criteria. cDefined as IFG (fasting plasma glucose 6.1–6.9 mmol/L) or IGT (2-hour plasma glucose level 
7.8–11.0 mmol/L in 75 g OGTT).
Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index; HbA1c, hemoglobin A1c; HOMA-IR, homeostasis model assessment for insulin resistance; LDL, 
low-density lipoprotein; HDL, high-density lipoprotein; LTPA, leisure time physical activity; NCEP, National Cholesterol Education Program; IFG, impaired fasting glucose; 
IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test.
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acknowledged.23,32 The preconceptional lifestyle interven-

tion applied in the RADIEL study did not modify the risk 

for GDM among high-risk women. The incidence of GDM 

was high in both the intervention and the control groups, and 

a majority of the women were diagnosed already in the first 

half of pregnancy.

A preconception intervention study, aiming at improve-

ment in health-related behavior and weight management 

before and during pregnancy, reduced gestational weight 

gain in the intervention group, but the difference between the 

study groups was nonsignificant when adjusted for baseline 

adiposity.33 Another trial with tailored preconception dietary 

and lifestyle counseling reported an improvement in the 

quality of diet and a decrease in harmful behaviors, including 

consumption of alcohol, in subfertile couples, but no preg-

nancy outcomes were reported.34 In a recent trial assessing the 

effect of a 6-month lifestyle intervention before pregnancy 

on the rate of live births within 24 months in obese infertile 

women, a greater weight loss was achieved in the intervention 

group.35 The rate of GDM was a secondary outcome, and no 

difference was observed between the groups.35 To the best of 

our knowledge, no previous intervention study initiated in 

prepregnancy and aiming specifically at prevention of GDM 

has been published.

One strength of this study is that the intervention protocol 

is applicable to a primary healthcare setting. We also man-

aged to recruit high-risk women. In previous T2D prevention 

studies, as well as in our GDM prevention study RADIEL 

initiated in early pregnancy, lifestyle interventions had the 

largest impact on participants with the highest diabetes 

risk.13,24 In this study, 80% of all participants had a history 

of GDM, emphasizing their high risk for GDM, given that 

the reported global recurrence rate of GDM ranges between 

30% and 84%.6

In the present study, the implementation of a prepreg-

nancy intervention turned out to be challenging. During the 

study period, recruiting high-risk women planning pregnancy 

was difficult. This was the case particularly in relation to 

nulliparous women. The most effective method of recruit-

ing participants was by personal invitation letters based on 

information obtained from hospital registries on prior GDM, 

which may have caused a selection bias. In addition, the 

pregnancy rate within 1 year among the participants turned 

out to be low, which complicated the study setting further 

by increasing the dropout rate as compared with assump-

tions made prior to the study. It is further possible that some 

women participating in the trial had changed their intention 

to get pregnant, but we lack data on this possibility. Wishes 

regarding pregnancy can change quickly.36 Information on 

the duration of possible pregnancy attempts before study 

inclusion was also not collected. It is possible that our 

high-risk population presents a group of subfertile women, 

which might have confounded the outcomes. Among women 

with successful pregnancies, however, no difference was 

seen between the intervention and control groups in use of 

infertility treatments. No data were collected regarding the 

possible infertility treatments among women who failed to 

conceive.

The recruitment goal was not reached during the 4-year 

recruitment period. Therefore, the final number of women 

available for the primary outcome analyses, and consequently 

the statistical power, remained too small to reliably establish 

the association between the intervention and GDM incidence. 

Neither the Finnish national guidelines for diagnosis and 

treatment of GDM nor the practice of antenatal care changed 

during the recruitment and follow-up period of the present 

study, reducing the possible effect of the long recruitment 

period on the study.

Table 2 Maternal and neonatal outcomes in the intervention and control groups

Outcome variables Intervention (n=65) Control (n=63) p-value

Maternal pregnancy outcomes
Hypertension before 20 gestational weeks 3 (5) 5 (6) 0.35
Pregnancy-induced hypertension 4 (6) 3 (2) 0.36
Preeclampsia 1 (2) 2 (2) 0.99
Hepatogestosis 1 (2) 1 (2) 0.99

Neonatal outcomes
Birth weight (g), mean (SD) 3,682 (498) 3,810 (489) 0.15
Birth weight z-score (SD), mean (SD) 0.35 (1.00) 0.52 (1.04) 0.34
Respiratory distress or transient tachypnea of newborn 3 (5) 4 (8) 0.85
Congenital malformation 1 (2) 1 (2) 0.99

Note: Data are reported as counts (%), unless otherwise indicated.
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The women who became pregnant and had been allocated 

to the intervention group were more often obese and pre-

sented a more unfavorable lipid profile compared with those 

in the control group, indicating a greater metabolic burden 

in the intervention group, which may have confounded the 

effects of the intervention.

The women with a high risk of GDM form a highly het-

erogeneous group. Although obesity is a well-established risk 

factor for GDM, not all obese women develop GDM. In our 

early pregnancy intervention study, the highest prevalence of 

GDM, 36%, was seen among nonobese participants with prior 

GDM compared with the prevalence among obese women of 

10% for nulliparous and 12% for multiparous without prior 

GDM.37 The proportion of these nonobese women with prior 

GDM in the present study was 53%, which is greater than the 

34% in our early pregnancy intervention.37 The limited size 

of the study population, however, prevents further analyses 

of the subgroups of participants: obese women without his-

tory of GDM, nonobese women with prior GDM, and obese 

women with prior GDM.

A total of 60% of the women with GDM were diagnosed 

already at ~12–16 weeks of gestation. It could be argued that 

a pathologic OGTT during the first half of pregnancy suggests 

preexisting T2D. However, women meeting T2D criteria 

at inclusion were excluded. Furthermore, the most recent 

recommendation of World Health Organization proposes 

differentiating T2D and lesser degrees of hyperglycemia 

(ie, GDM) at any time during pregnancy.38

Compared with women with late-onset GDM, women 

diagnosed with early GDM are known to be more insulin 

resistant already before pregnancy.39 Women with early onset 

of GDM were excluded from our prior study concerning 

the intervention initiated in pregnancy.24 The two different 

study populations, women planning pregnancy and women 

already pregnant, are hence inherently different, which could 

be one explanation for the different outcome between the 

two interventions and lack of an effect of the prepregnancy 

intervention. The proportion of women with prior GDM for 

example was lower in our previous study (33%) compared 

with current study (80%).

A longer and more intense intervention, including more 

frequent contact with study nurses, might have been needed 

to influence the possible preexisting insulin resistance in 

these women before conception. Women in the present study 

needed insulin or metformin treatment more often (30%) 

compared with the 20% of the GDM women (unpublished 

data) included in our prior study,24 further supporting the 

concept of a more severe form of GDM in the current study 

population.

Periconceptional nutrition influences both reproduc-

tive health and pregnancy outcomes as reviewed by Cetin 

et al.40 In our study, 45% of participants included in the final 

analyses had already conceived after the first study visit. 

Therefore, the intervention period might have been too brief 

to improve maternal metabolism during early pregnancy.23 

For the same reason, it was impossible to assess the weight 

loss before pregnancy between the groups. It is also likely 

that the frequency of lifestyle counseling was insufficient to 

have a significant impact on health behavior before and dur-

ing pregnancy, even though the motivation level of women 

planning to conceive, and pregnant women, to make and 

maintain positive lifestyle changes may be enhanced by 

hopes of having a good pregnancy outcome. In addition, the 

intervention was not based on any behavior theory, which 

can be a limitation.

It is worth keeping in mind that all the participants in the 

study were at high risk for GDM and during pregnancy, the 

women in the control group received general health advice and 

visited antenatal clinics outside the study protocol. Further-

more, in the control group, 19 (30%) women with early GDM 

received additional lifestyle counseling in their antenatal 

clinics starting, commencing in the first half of pregnancy. 

In addition, the study follow-up, including repeated measure-

ments, may have acted as a mini-intervention in the control 

group. This may have influenced secondary outcomes such 

as glucose metabolism, quality of diet, and physical activity 

levels in these participants of the control group during the 

follow-up. The weight gain during pregnancy was similar 

and moderate in both groups.

Conclusion
To our knowledge, this is the first study to report a prepreg-

nancy lifestyle intervention trial aiming at GDM prevention. 

Even though a lifestyle intervention initiated in the first half 

of pregnancy showed a 36% reduction in the incidence of 

GDM,24 the same type of intervention initiated before con-

ception failed to show any effect on GDM incidence. Many 

elements complicated the implementation of the study, and 

the incidence of early GDM was considerably high in our 

cohort of high-risk women.

More studies assessing preconceptional lifestyle interven-

tions are needed. It is possible that a longer, more intensive, 

and more frequent lifestyle intervention in the preconception 

period in a larger study population would have an impact 
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on the incidence of GDM and on perinatal and neonatal 

outcomes.23 Future prevention trials need to take the problems 

of recruitment and low pregnancy rates observed in the cur-

rent trial into account and consider the possibility of applying 

more intense interventions.

Data sharing statement
The data sets generated and analyzed during the current study 

are not publicly available due to data that could compromise 

research participant privacy/consent but are available from 

the corresponding author on reasonable request.

Acknowledgments
The authors acknowledge the contribution of the study nurses  

Hanna Oksa, Kirsi Arponen, Päivi Saksa, Maaret Ahola, 

Pirkko Haapanen, Karoliina Himanen, and Eija Kortelainen, 

dietitians Riitta Kivelä, and Johanna Metsälä, as well as all 

the women participating in the study. The RADIEL study 

was funded by the Jalmari and Rauha Ahokas Foundation, the 

Finnish Foundation for Cardiovascular Research, state fund-

ing for university-level health research of HUH and SKCH, 

Samfundet Folkhälsan, the Finnish Diabetes Research Foun-

dation, the State Provincial Office of Southern Finland, the 

Vyborg Tuberculosis Foundation, and the Social Insurance 

Institution of Finland. The Finnish Medical Foundation, the 

Finnish Diabetes Research Foundation, the Finnish Cultural 

Foundation, and the Helsinki University Doctoral School 

in Health Sciences supported the PhD study of the first author. 

The Academy of Finland supported JGE (grant nos 129369, 

129907, 135072, 129255, and 126775). The research leading 

to these results has received funding from the European Com-

mission within the Seventh Framework Programme and EU 

H2020-PHC-2014-DynaHealth grant no 633595. None of the 

funding bodies had any role in the design of the study; collection, 

analysis, and interpretation of data; or writing the manuscript.

Author contributions
KR wrote the first draft of the manuscript, participated in 

the implementation of the study, prepared the database, and 

participated in the statistical analyses. SBK initiated the study 

and participated in the design and planning of the study in col-

laboration with MMK, MP-A, BS-L, SA, HL, and AT. JGE 

participated in the implementation of the study in collaboration 

with SBK, KR, BS-L, MMK, RPR, and EH. SBK coordinated 

the study in Helsinki and B-SL in Lappeenranta. AV and JM 

participated in the implementation and statistical analyses of 

the nutrition aspects of the study. HK supervised the statisti-

cal analyses. All authors contributed to the revision of the 

manuscript and accepted the final version. All authors con-

tributed toward data analysis, drafting and revising the paper 

and agree to be accountable for all aspects of the work.

Disclosure
The authors report no conflicts of interest in this work.

References
	 1.	 Finucane MM, Stevens GA, Cowan MJ, et al. National, regional, and 

global trends in body-mass index since 1980: systematic analysis of health 
examination surveys and epidemiological studies with 960 country-years 
and 9.1 million participants. Lancet. 2011;377(9765):557–567.

	 2.	 Coustan DR. Gestational diabetes mellitus. Clin Chem. 2013;59(9): 
1310–1321.

	 3.	 American Diabetes Association. Standards of medical care in diabetes –  
2014. Diabetes Care. 2014;37(Suppl_1):S14–S80.

	 4.	 Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of 
type 2 diabetes mellitus – present and future perspectives. Nat Rev 
Endocrinol. 2011;8(4):228–236.

	 5.	 Chu SY, Callaghan WM, Kim SY, et al. Maternal obesity and risk of 
gestational diabetes mellitus. Diabetes Care. 2007;30(8):2070–2076.

	 6.	 Kim C, Berger DK, Chamany S. Recurrence of gestational diabetes 
mellitus: a systematic review. Diabetes Care. 2007;30(5):1314–1319.

	 7.	 Owens LA, O’Sullivan EP, Kirwan B, et al. ATLANTIC DIP: the 
impact of obesity on pregnancy outcome in glucose-tolerant women. 
Diabetes Care. 2010;33(3):577–579.

	 8.	 Landon MB, Mele L, Spong CY, et al. The relationship between mater-
nal glycemia and perinatal outcome. Obstet Gynecol. 2011;117(2 pt 1): 
218–224.

	 9.	 Persson M, Johansson S, Villamor E, Cnattingius S. Maternal over-
weight and obesity and risks of severe birth-asphyxia-related complica-
tions in term infants: a population-based cohort study in Sweden. PLoS 
Med. 2014;11(5):e1001648.

	10.	 Bellamy L, Casas J-P, Hingorani AD, Williams D. Type 2 diabetes mel-
litus after gestational diabetes: a systematic review and meta-analysis. 
Lancet. 2009;373(9677):1773–1779.

	11.	 Moore TR. Fetal exposure to gestational diabetes contributes to subse-
quent adult metabolic syndrome. Am J Obstet Gynecol. 2010;202(6): 
643–649.

	12.	 Ma RCW, Chan JCN, Tam WH, Hanson MA, Gluckman PD. Gesta-
tional diabetes, maternal obesity, and the NCD burden. Clin Obstet 
Gynecol. 2013;56(3):633–641.

	13.	 Tuomilehto J, Lindström J, Eriksson JG, et al. Prevention of type 2 
diabetes mellitus by changes in lifestyle among subjects with impaired 
glucose tolerance. N Engl J Med. 2001;344(18):1343–1350.

	14.	 Oteng-Ntim E, Varma R, Croker H, Poston L, Doyle P. Lifestyle 
interventions for overweight and obese pregnant women to improve 
pregnancy outcome: systematic review and meta-analysis. BMC Med. 
2012;10(1):47.

	15.	 Dodd JM, Turnbull D, McPhee AJ, et al. Antenatal lifestyle advice for 
women who are overweight or obese: LIMIT randomised trial. BMJ. 
2014;348:g1285.

	16.	 Poston L, Bell R, Croker H, et al. Effect of a behavioural intervention in 
obese pregnant women (the UPBEAT study): a multicentre, randomised 
controlled trial. Lancet Diabetes Endocrinol. 2015;3(10):767–777.

	17.	 Simmons D, Jelsma JGM, Galjaard S, et al. Results from a European 
Multicenter Randomized Trial of Physical Activity and/or healthy eating 
to reduce the risk of gestational diabetes mellitus: the DALI lifestyle 
pilot. Diabetes Care. 2015;38(9):1650–1656.

	18.	 Assaf-Balut C, García de la Torre N, Duran A, et al. A Mediterranean 
diet with additional extra virgin olive oil and pistachios reduces the inci-
dence of gestational diabetes mellitus (GDM): a randomized controlled 
trial: the St. Carlos GDM prevention study. PLoS One. 2017;12(10): 
e0185873.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Women’s Health

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/international-journal-of-womens-health-journal

The International Journal of Women’s Health is an international, peer-
reviewed open-access journal publishing original research, reports, 
editorials, reviews and commentaries on all aspects of women’s 
healthcare including gynecology, obstetrics, and breast cancer. The 
manuscript management system is completely online and includes 

a very quick and fair peer-review system, which is all easy to use. 
Visit http://www.dovepress.com/testimonials.php to read real quotes 
from published authors.

International Journal of Women’s Health 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

501

Prepregnancy lifestyle intervention in GDM prevention

	19.	 Bain E, Crane M, Tieu J, Han S, Crowther CA, Middleton P. Diet and 
exercise interventions for preventing gestational diabetes mellitus. 
Cochrane Database Syst Rev. 2015;(4):CD010443.

	20.	 Song C, Li J, Leng J, Ma RC, Yang X. Lifestyle intervention can 
reduce the risk of gestational diabetes: a meta-analysis of randomized 
controlled trials. Obes Rev. 2016;17(10):960–969.

	21.	 Zhang C, Tobias DK, Chavarro JE, et al. Adherence to healthy lifestyle 
and risk of gestational diabetes mellitus: prospective cohort study. BMJ. 
2014;349:g5450.

	22.	 Badon SE, Enquobahrie DA, Wartko PD, et al. Healthy lifestyle dur-
ing early pregnancy and risk of gestational diabetes mellitus. Am J 
Epidemiol. 2017;186(3):326–333.

	23.	 Catalano P, deMouzon SH. Maternal obesity and metabolic risk to the 
offspring: why lifestyle interventions may have not achieved the desired 
outcomes. Int J Obes (Lond). 2015;39(4):642–649.

	24.	 Koivusalo SB, Rönö K, Klemetti MM, et al. Gestational diabetes mel-
litus can be prevented by lifestyle intervention: the Finnish Gestational 
Diabetes Prevention Study (RADIEL) a randomized controlled trial. 
Diabetes Care. 2016;39(1):24–30.

	25.	 Rönö K, Stach-Lempinen B, Klemetti MM, et al. Prevention of gesta-
tional diabetes through lifestyle intervention: study design and methods 
of a Finnish randomized controlled multicenter trial (RADIEL). BMC 
Pregnancy Childbirth. 2014;14(1):70.

	26.	 Becker W, Lyhne N, Pedersen A, et al. Nordic Nutrition Recommenda-
tions 2004 – integrating nutrition and physical activity. Scand J Nutr. 
2004;48(4):178–187.

	27.	 ACOG Committee on Obstetric Practice. ACOG committee opinion. 
Exercise during pregnancy and the postpartum period. Number 267, 
January 2002. American College of Obstetricians and Gynecologists. 
Int J Gynaecol Obstet. 2002;77(1):79–81.

	28.	 American Diabetes Association. Standards of medical care in diabetes –  
2008. Diabetes Care. 2008;31 (Suppl 1):S12–S54.

	29.	 ACOG Committee on Obstetric Practice. Practice bulletin# 33: diagno-
sis and management of preeclampsia and eclampsia. Obstet Gynecol. 
2002;99(1):159–167.

	30.	 Meinilä J, Valkama A, Koivusalo SB, et al. Healthy Food Intake Index 
(HFII) – validity and reproducibility in a gestational-diabetes-risk 
population. BMC Public Health. 2016;16(1):680.

	31.	 Borodulin K, Makinen T, Fogelholm M, Lahti-Koski M, Prattala R. Trends 
and socioeconomic differences in overweight among physically active 
and inactive Finns in 1978–2002. Prev Med. 2007;45(2–3):157–162.

	32.	 Tieu J, Shepherd E, Middleton P, Crowther CA. Interconception care 
for women with a history of gestational diabetes for improving maternal 
and infant outcomes. Cochrane Database Syst Rev. 2017;59(8):1655.

	33.	 Weisman CS, Hillemeier MM, Downs DS, et al. Improving women’s 
preconceptional health: long-term effects of the strong healthy women 
behavior change intervention in the Central Pennsylvania Women’s 
Health Study. Womens Health Issues. 2011;21(4):265–271.

	34.	 Hammiche F, Laven JSE, van Mil N, et al. Tailored preconceptional 
dietary and lifestyle counselling in a tertiary outpatient clinic in the 
Netherlands. Hum Reprod. 2011;26(9):2432–2441.

	35.	 Mutsaerts MAQ, van Oers AM, Groen H, et al. Randomized trial of a 
lifestyle program in obese infertile women. N Engl J Med. 2016;374(20): 
1942–1953.

	36.	 Elsinga J, Van der Pal-de Bruin KM, le Cessie S, de Jong-Potjer LC, 
Verloove-Vanhorick SP, Assendelft W. Preconception counselling 
initiated by general practitioners in the Netherlands: reaching couples 
contemplating pregnancy [ISRCTN53942912]. BMC Fam Pract. 
2006;7(1):41.

	37.	 Huvinen E, Grotenfelt NE, Eriksson JG, et al. Heterogeneity of 
maternal characteristics and impact on gestational diabetes (GDM) 
risk-Implications for universal GDM screening? Ann Med. 2016; 
48(1–2):52–58.

	38.	 World Health Organization. Diagnostic criteria and classification of 
hyperglycaemia first detected in pregnancy: a World Health Organiza-
tion Guideline. Diabetes Res Clin Pract. 2014;103(3):341–363.

	39.	 Bozkurt L, Göbl CS, Pfligl L, et al. Pathophysiological characteristics 
and effects of obesity in women with early and late manifestation of 
gestational diabetes diagnosed by the International Association of Dia-
betes and Pregnancy Study Groups Criteria. J Clin Endocrinol Metab. 
2015;100(3):1113–1120.

	40.	 Cetin I, Berti C, Calabrese S. Role of micronutrients in the periconcep-
tional period. Hum Reprod Update. 2010;16(1):80–95.

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/international-journal-of-womens-health-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 4: 


