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Abstract

Obijective

To assess the effect of lifestyle counseling on perinatal outcomes among women at high risk
for gestational diabetes.

Study Design

492 women with obesity and/or prior gestational diabetes were allocated to intervention (four
sessions of lifestyle counseling, n=249) or usual care (n=243) before 20 weeks’ gestation.
Result

Lifestyle indicators, gestational weight gain or obstetric and perinatal outcomes did not differ
between the two groups. An oral glucose tolerance test in the first half of pregnancy was
pathological in 37.7% (n=87/144) of intervention and 36.5% (n=72/197) of control group
women (p=0.81). The total incidence of gestational diabetes diagnosed in the first or second
half of pregnancy was 44.8% (107/239) in the intervention and 48.1% (111/231) in the
control group (p = 0.48).

Conclusion

The high prevalence of impaired glucose metabolism was observed already in early
pregnancy, which may have contributed to the lack of effect of the intervention.

Trial registration ClinicalTrials.gov IDr: NCT01698385



Introduction

Hyperglycemia during pregnancy is associated with adverse maternal and neonatal
outcomes.’ The maternal ramifications extend beyond pregnancy as gestational diabetes
mellitus (GDM) predicts the onset of type 2 diabetes (T2D).* In addition, the offspring of
women with hyperglycemia during pregnancy are at increased risk for obesity,® impaired
glucose regulation, and higher blood pressure levels.> Higher risk for adiposity® among girls

further enhances the vicious cycle of diabetes and obesity over generations.

Several studies aiming at prevention of GDM or related adverse outcomes have been
undertaken. These studies have included either diet or physical activity interventions, or both.
In terms of GDM prevention, the results have been inconsistent.5® A recent meta-analysis
concluded, however, that interventions initiated in early pregnancy have the potential to
prevent GDM.Y" The efficacy of intervention trials is usually highest among participants at
high risk, as seen for example in the prevention of T2D.!1° The largest GDM trials have,
however, included also women at low or medium risk. Surprisingly few studies have assessed

the participants’ glucose tolerance at enrollment.”*

While having no significant effect on the incidence of GDM, many intervention trials have
been effective in improving lifestyle, 12 in reducing the incidence of large for gestational

age (LGA) newborns or macrosomia,”*>* or in limiting gestational weight gain (GWG).®

10,12,14,16

The Finnish gestational diabetes prevention trial (RADIEL) was designed to evaluate the

efficacy of a combined diet and physical activity intervention, applicable to a primary health



care setting, in the prevention of GDM and obesity-related maternal and neonatal
complications among high-risk women (i.e., obese and/or with a history of GDM). RADIEL
was a multi-center randomized controlled trial targeting women planning pregnancy within
one year and pregnant women before 20 weeks of gestation.?’ A 2-h 75g oral glucose
tolerance test (OGTT) was undertaken before 20 weeks of gestation. Among a subgroup of
women recruited in early pregnancy, with normal glucose tolerance at inclusion, the risk of
GDM was reduced by 36 % by the intervention.?! The aim of this study was to assess the
effect of lifestyle counseling on diet, physical activity as well as maternal and perinatal

outcomes within the whole study population recruited in early pregnancy.

Methods

Study design and setting

The RADIEL trial was conducted in Finland between February 2008 and January 2014 at
four study sites: the three maternity hospitals of the Helsinki metropolitan area (Department
of Obstetrics and Gynecology, Helsinki University Hospital (HUH), Helsinki; Kéatildopisto
Maternity Hospital, Helsinki; Department of Obstetrics and Gynecology, Jorvi Hospital,
Espoo) and the South-Karelia Central Hospital (SKCH) in Lappeenranta. This study presents
the results from the part of the RADIEL trial in which the intervention was initiated during
pregnancy before 20 weeks of gestation, leaving out the participants who started the
intervention while planning pregnancy. In our previous publication,?* we presented the results
of the intervention among women with normal glucose tolerance in early pregnancy. In this

study, we analyzed the impact of the lifestyle intervention among all women enrolled in early



pregnancy, regardless of their glucose tolerance at inclusion. The design and methods of the

intervention have been published in detail previously, and are only summarized here.?%:2

Women > 18 years of age, with a prepregnancy body mass index (BMI) > 30 kg/m? or a
history of GDM in a previous pregnancy were eligible for the study. Women with diabetes
diagnosed before pregnancy, medication that influences glucose metabolism (such as oral
corticosteroids or metformin), multiple pregnancy, physical disability that prevents regular
exercise, current substance abuse, severe psychiatric disorder (i.e. psychotic disorders,
schizophrenia, or schizoaffective disorders), or inadequate Finnish language skills

(insufficient for receiving counseling and for completing questionnaires) were excluded.

Participants were mainly recruited in connection with the first-trimester ultrasound screening
or by personal invitation letters based on data on prior GDM from the maternity hospital
registry. All participants signed an informed consent and were allowed to discontinue at any
time during the study. The study complied with the Declaration of Helsinki and was approved
by the Ethics Committees of HUH (14 September 2006, Dnro 300/E9/06) and SKCH (11
September 2008, Dnro M06/08). The RADIEL study was registered at ClinicalTrials.gov

(IDr: NCT01698385).

Sample size and randomization

We calculated the sample size for the whole RADIEL trial, including both women planning
pregnancy and women already pregnant, assuming a GDM incidence of 30% in the control
arm and of 20 % in the intervention arm, using a two-sided significance level of 0.05, and a

power of 80%. We expected a dropout rate of 30%. A sample size of at least 1000 women for



the whole trial was estimated to be sufficient. The randomization was stratified by the time of
initiation of the intervention (i.e., prepregnancy or early pregnancy), study site, and risk
factor (BMI > 30 kg/m?, prior diet-treated GDM, and prior GDM treated with medication).
This manuscript reports results of the subgroup of participants recruited in early pregnancy

leaving out the participants who started the intervention already while planning pregnancy.

Intervention

The participants in both study arms visited the study nurse three times during pregnancy in
addition to receiving usual antenatal care. The study visits took place on average at 13, 23,
and 35 weeks of gestation. At each study visit, participants in both study arms filled in

questionnaires and underwent a physical examination including anthropometric and blood

pressure measurements as previously described.?

During the study visits, participants in the intervention arm received structured but
individually modified dietary and physical activity counseling from the study nurses. In
addition, the participants in the intervention arm attended a group nutrition counseling

session given by a dietitian after the first study visit.

Dietary counseling in the intervention group was based on Nordic Nutrition
Recommendations at the time of the study.?? The counseling focused on food intake:
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 low-fat meat products,
and lower intake of sugar- and saturated fatty acid-rich foods. For the intervention arm, the

recommendation for physical activity was a minimum of 150 minutes of moderate intensity



physical activity per week.? Women with a prepregnancy BMI > 30 kg/m? were advised to

avoid weight gain during the first two trimesters of pregnancy.

The participants in the control group had an equal number of visits to the study nurse as the
participants in the intervention arm. They received information leaflets on healthy diet and

exercise at enrollment, similar to those provided in public antenatal care.

Usual antenatal care in Finland

The public health care system in Finland offers all pregnant women antenatal health care on a
regular basis in municipal maternity clinics at primary health care centers. All participants in
our study, both in the intervention and in the control arm, received this routine care, in
addition to the study visits. At the time of the study, the usual antenatal follow-up in primary
care included 10 to 15 visits with a nurse and two to three physician’s examinations.
Following the national GDM guidelines, the women diagnosed with GDM at any time point
during pregnancy (including early pregnancy) received routine care, including diet and
physical activity recommendations, and self-monitoring of blood glucose, in the municipal
maternity clinics.?* In case of repeated fasting capillary glucose of >5.5 mmol/L or a one-
hour postprandial value of >7.8 mmol/L, the maternity clinic referred the woman to a
maternity hospital for further counseling by a diabetes nurse and to an obstetrician for

assessment regarding need of medication.

Outcomes



The primary outcome of the RADIEL trial was the total incidence of GDM during pregnancy
(including incidence in early pregnancy i.e. at less than 20 weeks of gestation). The assessed
pre-specified secondary outcomes were achievement of dietary and physical activity goals,
incidence of hypertensive disorders of pregnancy; i.e. gestational hypertension, preeclampsia,
and chronic hypertension; gestational weight gain (GWG); mode of delivery; perinatal
outcome, i.e. birth weight of the offspring and rate of large for gestational age (LGA)

newborns.2

To calculate the incidence of GDM we used the criteria recommended by the Finnish Current
Care Guidelines where GDM is defined as one or more pathological glucose values in a 75-g

2h OGTT during pregnancy.?* The diagnostic thresholds were based on those recommended

by the American Diabetes Association in 2008: fasting plasma glucose = 5.3 mmol/L, one

hour value = 10.0 mmol/L and two-hour value = 8.6 mmol/L.?® Following the Finnish

Current Care Guidelines for GDM diagnosis, the participants underwent an OGTT at around
12 to 16 weeks of gestation, and, if normal, the OGTT was repeated around 24 to 28 weeks of

gestation unless insulin or metformin treatment was initiated earlier.?

In order to measure the general adherence to the recommended diet, our research group
developed a Healthy Food Intake Index (HFII, with the maximum points of 17) ), which has
later been validated, based on the food frequency questionnaire designed for the RADIEL
study.?® Physical activity was assessed with self-reported weekly duration (minutes) of leisure
time physical activity (LTPA) that makes the participant at least slightly out of breath and
sweating. In addition, participants filled out three-day food diaries and one-week physical

activity diaries at baseline and third trimester. We used Compendium of Physical Activities



codes for each activity and corresponding MET values when recording the physical activity

diaries.?’

The definition of preeclampsia was a systolic blood pressure > 140 mmHg and/or a diastolic
blood pressure > 90 mmHg appearing for the first time after 20 weeks of gestation together
with proteinuria > 0.3 g/24 hr.?8 We defined hypertension as chronic if similar blood pressure
levels occurred before 20 weeks of gestation, or the participant used antihypertensive
medication. The definition of gestational hypertension was new onset hypertension after 20
weeks of gestation without proteinuria. We used population-specific Finnish references for
birth weight at the time of the trial to evaluate the birth size of the offspring and defined LGA
as birth weight > 2.0 standard deviation (SD).2° The GWG of the participant was calculated
by subtracting the self-reported prepregnancy weight, collected from the antenatal clinic
records, from the weight measured at the third-trimester study visit. If the participant did not
attend the third trimester study visit, the weight was collected from maternity records when
available. We collected data on maternal and neonatal outcomes from hospital records. Study

physicians confirmed the maternal and neonatal diagnoses.

Statistical analyses

Means with SD or medians with interquartile range (IQR) were used to describe continuous
data. For nominal data counts with percentages (%) were used. Student’s t-test, permutation
test, Mann—Whitney test, and chi-square or Fisher’s exact test were used in comparisons

between groups. A logistic regression model was applied when using adjusted models. The

analyses were performed using STATA software (version 14.1), StataCorp, LP, Texas, USA.



Results

We recruited 540 women at high risk for GDM to the study in the first half of pregnancy
(mean 13.1 [SD 1.9] weeks of gestation). The number of women included in the analyses was
470, as 70 women did not provide informed consent, did not meet inclusion criteria, lacked
OGTT data, or experienced pregnancy loss before OGTT (Figure 1). Of these 470
participants, 3.3% (n=8) in the intervention group and 14.7% (n=34) in the control group did
not participate in an OGTT during the first half of pregnancy. Four women (three in the
intervention group and one in the control group) had an early pregnancy loss after a
pathologic OGTT, and an additional two women (one in both groups) were missing data on
delivery (due to changing residence during the trial) and were included only in the analyses
of GDM incidence. Third-trimester weight data were not available for 12 women in the
intervention group and five women in the control group. Of the women in intervention group
63.2 % (n=151) and in the control group 59.3 % (n=137) returned both food diaries. The
respective rates for returning both physical activity diaries were 44.8 % (n=107) and 46.3 %

(n=107), respectively.

Demographic and clinical characteristics of the randomized women are presented in Table 1.
Of the 470 participants, 35.5 % (n=167) had prior GDM treated with diet (dGDM), 5.3 %
(n=25) had prior GDM treated with medication (MGDM), and 59.2 % (n=278) were either
nulliparous or had no history of GDM, with obesity being the only criteria for inclusion. Of
the 192 participants with prior GDM, 38.5% (n=74) were obese. The women recruited due to
obesity only were younger (31.7 years [SD 5.0], compared with 33.4 years [SD 4.5] in
dGDM and 33.3 years [SD 4.3] in mGDM), had fewer deliveries (median 0 [IQR 0 to 1],

compared with 1 [IQR 1 to 2] in dGDM and 2 [IQR 1 to 2] in mGDM), had lower fasting



plasma glucose at inclusion (5.00 mmol/L [SD 0.41], compared with 5.12 mmol/L [SD 0.38]
in dGDM and 5.26 mmol/L [SD 0.52] in mGDM), and had higher BMI (34.5 kg/m? [SD 3.9],
compared with 28.7 kg/m? [SD 6.3] in dGDM and 28.6 kg/m? [SD 5.7] in mGDM) compared

with women recruited due to prior GDM (p<0.001).

The total incidence of GDM during pregnancy was 44.8 % (n=107, 95% CI 38.4%-51.3%) in
the intervention group and 48.1% (n=111, 95% CI 41.5%-54.7%) in the control group (p =
0.48, unadjusted; P = 0.44, after adjustment for age, prepregnancy BMI, previous GDM
status, and parity). The crude OR for GDM was 0.88 (95% CI1 0.61 to 1.26) in the
intervention group. The incidence of early GDM in the intervention group was 37.7% (n=87)
and in the control group 36.5% (n=72) among the 428 women who attended the early

pregnancy OGTT (p=0.81).

The dietary HFII score improvement from enrollment to the third-trimester visit was 0.8
points (95% CI: 0.5 to 1.2) in the intervention group and 0.4 points (95% CI: 0.0 to 0.8) in the
control group (p=0.10). The women in the intervention arm increased their total energy intake
by 231 kJ per day (SD 1703) and the women in the control arm by 104 kJ per day (SD 1979)
between baseline and the third trimester visit (p=0.56). No differences between the groups
were detected in the intakes (percent of total energy intake) of fat, protein, carbohydrate, or

dietary fiber (data not shown).

Women in the intervention group decreased their median weekly LTPA from the baseline to
the third trimester visit by 15 min (95% CI -5 to -30 min), while the women in the control

group decreased theirs by 22 min (95% CI: -10 to -32) (p = 0.65). In the third trimester,



15.3% (n=29/190) of the women in the intervention group and 13.7% (n=23/168) in the
control group met the physical activity goal of at least 150 minutes per week (p=0.53).

The women in the intervention arm decreased their weekly MET minutes by 53 (SD 949) and
the women in the control arm by 182 (SD 929) between baseline and third-trimester visit

(p=0.32).

No differences were observed between the intervention and control groups regarding assessed

obstetric or perinatal outcomes (Table 2).

Discussion

Among all the high-risk women randomized in the RADIEL trial in early pregnancy,
including women with early GDM, we detected no effect of the lifestyle intervention on
dietary intake or physical activity. Consequently, related parameters such as gestational
weight gain and the total incidence of GDM were not affected. Furthermore, there were no
differences between the groups regarding obstetric or perinatal outcomes, e.g., hypertensive
disorders of pregnancy, birthweight, and rate of LGA. These results differ from our previous
findings among a subgroup of participants with normal glucose tolerance in early

pregnancy.?

There were no statistically significant differences between the intervention group and the
control group regarding changes in dietary score and total energy intake. This is in contrast to
some previous interventions, which have reported improved dietary quality or diminished

total energy intake.”10:12:14.30



As expected, the weekly duration of physical activity decreased throughout pregnancy.
However, the change in duration of physical activity was similar in both groups, indicating a
null effect of the intervention on physical activity. In addition, the majority of the participants
did not reach the target of 150 minutes of physical activity per week. This is in contrast to
some previous intervention trials which have reported higher physical activity levels in the

intervention group compared with the control group.t2146

Some previous lifestyle intervention trials combining diet and physical activity have
successfully reduced GWG.%101230 For instance, the combined healthy eating and physical
activity intervention in the DALI study succeeded in reducing GWG compared to isolated
dietary or physical counseling.!* Furthermore, the Finnish NELLI study succeeded in
reducing both birthweight and the rate of LGA newborns, with no effect on the rate of

macrosomia.’

In some trials, physical activity interventions alone have been effective. Three trials,
consisting of supervised exercise sessions three times a week have managed to limit GWG
and reduce the incidence of GDM.***%1 |n addition, one of these was successful in reducing
the rates of pregnancy-induced hypertension, preeclampsia, and macrosomia,*®

while another succeeded in reducing birthweight.2® In all of these studies, the intervention
group was significantly more physically active compared with the control group. We believe
that our physical activity counseling was of notably lower intensity and also less intense in

general compared to trials with a positive effect on obstetric or perinatal outcomes.*>1516

As shown previously, in a subgroup consisting of women with normal OGTT in early

pregnancy, we detected improvements in lifestyle and coincidentally a reduced the risk of



GDM by 36%.%131 However, in the present high-risk cohort we detected no effect of the same
intervention. There are several possible reasons for this discrepancy. A significant proportion
(37%) of the women in the present high-risk population fulfilled the diagnostic criteria for
GDM already in the first half of pregnancy. The fact that all women with a diagnosis of early
GDM in the intervention and control groups received routine counseling and treatment within
the Finnish health care system may have attenuated the differences in effect of the RADIEL
intervention on lifestyle, obstetric, and perinatal outcomes between the intervention and

control groups.

Considering the high standard of usual care, including recommendations on diet and physical
activity for all women and treatment for women with both early and later GDM, we
hypothesize that the intensity of the given intervention in the RADIEL trial (the maximum of
four study visits, including the group session with a dietitian) was probably not high enough

to provide additional benefit for participants in the intervention group.

Insulin resistance increases as pregnancy progresses and lifestyle interventions usually aim at
preventing GDM mainly through attempts to reduce insulin resistance which also has a
positive impact on insulin secretion. Considering the heterogeneous nature of GDM, it is
likely that the potential of any lifestyle intervention to prevent GDM is variable, depending
on the type and degree of impairment in glucose metabolism in the study population. In our
study, a high proportion of the participants had a pathological OGTT already in early
pregnancy, potentially suggesting a more severe form of derangement in glucose metabolism.
It is possible that the predisposition to develop early GDM was strong in our study

population, due to both genetic and/or environmental factors, and thus a mild-to-moderate



intensity lifestyle intervention initiated during pregnancy was not sufficient to have a

significant impact on glucose metabolism or other obstetric or perinatal outcomes.

In order to be able to assess the effect of a lifestyle intervention during pregnancy on GDM
risk, glucose tolerance must be assessed before study inclusion. To our knowledge, most
lifestyle intervention trials aimed at prevention of GDM or obesity-related outcomes have not
tested the participants for GDM in early pregnancy. Exceptions are the NELLI study, in
which about 28 % of the assessed women were excluded due to pathologic OGTT results at

inclusion,” and the DALI study, in which the corresponding rate was 27 %.*

Many prevention trials, including the RADIEL trial, have utilized national GDM criteria. The
use of variable diagnostic thresholds and testing times for the diagnosis of GDM further
complicates the comparison of results from different studies. In addition, differences in
national treatment guidelines for GDM might lead to substantial variations in the impact of

additional interventions compared to routine care.

The strength of this study is the characterization of the participants at baseline, including
assessment of early pregnancy glucose metabolism. This adds valuable information for future
studies on timing of prevention of GDM and its adverse effects. The small sample size is a
limitation as it does not allow detection of differences in relatively infrequent adverse
obstetric and perinatal outcomes. Furthermore, our sample size and the fact that not all
participants attended the early pregnancy OGTT prevent a more detailed exploration of the
early GDM subgroup. In addition, the applied diet and physical activity measurement

methods might have been too crude to detect small changes. Physical activity was self-



reported and not based on e.g., accelerometer. The return rates of food and physical activity

diaries were low, and we lack diary data concerning the second trimester.

One might argue that the duration of lifestyle interventions during pregnancy is too short to
prevent GDM and related outcomes and that interventions should be initiated already in the
pre-pregnancy period. We stress the need for future studies exploring the efficacy of GDM

prevention interventions initiated in the pre-pregnancy period.

In conclusion, many of the high-risk women developed GDM already in early pregnancy.
The combined dietary and physical activity counseling initiated in early pregnancy in the
RADIEL trial in women at high risk of GDM did not affect dietary intake, physical activity,
or obstetric and perinatal outcomes. These results differ from our previous sub-study

including only women with normal glucose tolerance in early pregnancy.
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