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Abstract
Objective To quantify the association between a combination of healthy
lifestyle factors before pregnancy (healthy body weight, healthy diet,
regular exercise, and not smoking) and the risk of gestational diabetes.

Design Prospective cohort study.

Setting Nurses’ Health Study II, United States.

Participants 20 136 singleton live births in 14 437 women without chronic
disease.

Main outcome measure Self reported incident gestational diabetes
diagnosed by a physician, validated by medical records in a previous
study.

Results Incident first time gestational diabetes was reported in 823
pregnancies. Each lifestyle factor measured was independently and
significantly associated with risk of gestational diabetes. The combination
of three low risk factors (non-smoker, ≥150 minutes a week of moderate
to vigorous physical activity, and healthy eating (top two fifths of Alternate
Healthy Eating Index-2010 adherence score)) was associated with a
41% lower risk of gestational diabetes compared with all other
pregnancies (relative risk 0.59, 95% confidence interval 0.48 to 0.71).
Addition of body mass index (BMI) <25 before pregnancy (giving a
combination of four low risk factors) was associated with a 52% lower
risk of gestational diabetes compared with all other pregnancies (relative
risk 0.48, 0.38 to 0.61). Compared with pregnancies in women who did
not meet any of the low risk lifestyle factors, those meeting all four criteria
had an 83% lower risk of gestational diabetes (relative risk 0.17, 0.12
to 0.25). The population attributable risk percentage of the four risk
factors in combination (smoking, inactivity, overweight, and poor diet)
was 47.5% (95% confidence interval 35.6% to 56.6%). A similar
population attributable risk percentage (49.2%) was observed when the

distributions of the four low risk factors from the US National Health and
Nutrition Examination Survey (2007-10) data were applied to the
calculation.

Conclusions Adherence to a low risk lifestyle before pregnancy is
associated with a low risk of gestational diabetes and could be an
effective strategy for the prevention of gestational diabetes.

Introduction
Gestational diabetes, defined as glucose intolerance with onset
or first recognition in pregnancy, is one of the most common
complications in pregnancy.1 In the United States, gestational
diabetes affects 1.1-25.5% of pregnancies depending on the
criteria used.2 It represents a growing health concern; multiple
population based studies have shown increases in the occurrence
of gestational diabetes in the past decade.3-5 It is linked to short
term and long term adverse health outcomes in women and their
offspring.1 6 For instance, women with gestational diabetes have
an increased risk for gestational hypertension and pre-eclampsia
during pregnancy7 and an exceptionally high risk for type 2
diabetes after pregnancy.8 High glucose concentrations in
pregnancy have long been regarded as a teratogen, affecting
fetal structure, function, and development, and as having long
term adverse impacts on the offspring. Children born after a
pregnancy affected by gestational diabetes are more likely to
be born macrosomic and to have birth defects.9Moreover, there
is evidence to suggest that they are also at higher risk of
developing childhood obesity10 and glucose intolerance in early
adulthood,11 although findings have been inconsistent, and
females are more likely to develop gestational diabetes
themselves,12 leading to a trans-generational cycle of
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diabetes-begets-diabetes. Prevention of gestational diabetes
could be an important strategy in curbing the obesity and
diabetes epidemic in this and future generations. Therefore, it
is pivotal to identify potentially modifiable risk factors and to
quantify their potential impact on this common condition.
Several potentially modifiable factors before pregnancy have
been related to a lower risk of gestational diabetes.13 These
include maintaining a healthy body weight, adapting a healthy
diet, regular physical activity, and abstinence from cigarette
smoking.14-16 We examined the joint effect of lifestyle
characteristics on risk of gestational diabetes. We hypothesized
that these factors are jointly associated with a substantially lower
risk of gestational diabetes independent of other major risk
factors such as advancedmaternal age, greater parity, and family
history of diabetes.

Methods
Source population
The study was based on the Nurses’ Health Study II, an ongoing
prospective cohort that was established in 1989 by enrolling
116 671 female nurses aged 24-44 at baseline.14Questionnaires
are administered biennially to update lifestyle characteristics
and health related outcomes. The 1989 baseline questionnaire
collected information on medical, diagnostic, and prescription
history, date of birth, occupational status, family history of
diabetes, gravidity, height and weight, and a range of other
characteristics. Time varying characteristics are updated every
two years.
After 2001, most participants had passed the usual reproductive
age (all were aged ≥35, 70% were aged ≥40, and 20% aged
≥45) and information on the diagnosis of gestational diabetes
was not collected in the questionnaire. We included in the
analysis individual singleton live births up to the end of 2001
if the participant did not report gestational diabetes in a previous
pregnancy, a diagnosis of type 2 diabetes or cancer, or a
cardiovascular disease event (myocardial infarction, stroke,
coronary artery bypass graft procedure, or angina) before an
otherwise eligible pregnancy (see appendix 1). Pregnancies after
gestational diabetes were not included because women with
gestational diabetes in a previous pregnancy were likely to
change their diet and lifestyle during the next pregnancy to
prevent a recurrence.17 We conducted sensitivity analyses with
all pregnancies regardless of previous gestational diabetes status.
Follow-up for each questionnaire cycle is >90% through 2001.

Ascertainment of lifestyle factors
Twice a year we obtained information on participants’ smoking
status and weight. Self reported weight was highly correlated
with weight measured by a technician among a random subset
of participants in the Boston area cohort (r=0.97).18

Beginning in 1991 and every four years thereafter, participants
were asked to complete a semiquantitative food frequency
questionnaire in addition to the main questionnaire. The food
frequency questionnaire is designed to measure average dietary
intakes over the past year and has been extensively validated.19 20
To characterize overall dietary quality, we created a summary
diet score based on the Alternate Healthy Eating Index-2010,21
which is based on the US Department of Agriculture Healthy
Eating Index, designed to measure adherence to US dietary
guidelines.22 We computed scores for adherence to the index
before pregnancy from each food frequency questionnaire cycle
occurring before a given pregnancy. We included 10 of 11 the
components of the index in our diet score: higher intakes of

vegetables, fruit, nuts, whole grains, polyunsaturated fatty acids,
and long chain omega 3 fatty acids and lower intakes of red and
processed meats, sugar sweetened beverages, trans fats, and
sodium. Alcohol, a component of the Alternate Healthy Eating
Index-2010, was not included in this analysis because of the
concern of its potential adverse impact on fetal outcomes.
Participants’ scores for each of the individual components
ranged from 0 to 10 based on level of intake, with 10
representing optimal dietary behavior. The overall diet score
ranged from 2.5 (worst) to 77.5 (best). Pregnancies were
excluded if the participant did not return a prepregnancy food
frequency questionnaire, left more than 70 food frequency
questionnaire items blank, or reported unrealistic total daily
energy intakes (<2090 kJ (<500 kcal) or 14 630 kJ (>3500 kcal)).
Physical activity was assessed on the main questionnaire in
1989, 1991, and 1997. Participants were asked to report the
average amount of time they spent on each of the following
moderate to vigorous recreational activities each week:
bicycling, calisthenics or use of a rowing machine, lap
swimming, squash or racquetball, jogging, running, tennis, or
other aerobic exercise. Women were also asked to report the
amount of time they spent each week walking (that is, walking
or hiking outdoors, including walking to work) and to categorize
their usual walking pace outdoors as easy or casual (slower than
2.0 mph), normal (2.0-2.9 mph), brisk (3.0-3.9 mph), or very
brisk or striding (faster than 4.0 mph). Usual total physical
activity before pregnancy was calculated as the sum of the
minutes spent each week in each activity, including brisk or
very brisk walking. Validity and reproducibility of the
questionnaire were evaluated and reported previously.23Briefly,
the correlation between physical activity as reported in one week
recalls and that reported on the questionnaires was r=0.79. The
correlation between moderate to vigorous activity reported in
diaries and that reported on the questionnaires was r=0.62.

Outcome assessment
The outcome of interest was incident gestational diabetes.
Gestational diabetes diagnosed by a physician was ascertained
by self report on each biennial questionnaire through 2001.
Investigators ceased the update of occurrence of gestational
diabetes in 2001 as most women had passed reproductive age.
In a validation study among a subgroup of the Nurses’ Health
Study II cohort, 94% of self reported gestational diabetes events
were confirmed by medical records.14 24 Among the confirmed
diagnoses of gestational diabetes, physicians were most likely
to use the National Diabetes Data Group criteria. From a
supplemental questionnaire sent to a random sample of parous
women who did not report gestational diabetes (n=114), 83%
reported undergoing a 50 g glucose screening test during
pregnancy and 100% reported frequent prenatal urine glucose
screening, suggesting a high level of gestational diabetes
surveillance among both cases and non-cases in this cohort.

Definition of the low risk group
We considered four low risk lifestyle factors before pregnancy
based on the strength of the evidence supporting their role in
the development of gestational diabetes: a healthy body weight,
adherence to a healthy dietary pattern, regular exercise, and
abstinence from cigarette smoking.13 14 Not being overweight
or obese was classified as a BMI <25.25 Participants in the upper
two fifths for their scores before pregnancy on the Alternate
Healthy Eating Index-2010 were considered to be in the lower
risk category for adherence to a healthy diet. Low risk usual
exercise was defined as an average of at least one half hour a
day of vigorous or moderate physical activity for five days a
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week (150 minutes/week), including brisk walking, in keeping
with published US guidelines.26 Women who reported being
current non-smokers in the questionnaire preceding the
pregnancy were counted as low risk for smoking status. For
each of the four factors, we created a binary variable, with
participants receiving 1 if they met the criteria for low risk and
0 otherwise.

Statistical analysis
Cumulative average amounts of dietary food and levels physical
activity before pregnancy were calculated at each time period
to reduce variation within participants and reflect long term
habitual levels. If a woman was pregnant while she was filling
out a given questionnaire, data from the previous questionnaire
were carried forward for exposure variables to better represent
usual lifestyle before pregnancy, when available. We used
multivariable log binomial models (that is, binomial regression
models with a log link function) with generalized estimating
equations, specifying an exchangeable correlation structure, to
estimate the relative risks and 95% confidence intervals for
associations between the four major potentially modifiable
factors (smoking status, score on Alternate Healthy Eating
Index-2010 (fifths), physical activity (fifths), and BMI) and risk
of gestational diabetes. We used generalized estimating
equations to account for potential correlations between repeated
observations contributed by a single participant (that is, more
than one pregnancy).27 Covariates in the multivariable models
included the above variables, age (continuous), parity
(nulliparity or 1, 2, 3, or ≥4 previous pregnancies), race/ethnicity
(white, African-American, Hispanic, Asian, other, missing),
family history of diabetes (yes, no), history of infertility (yes,
no), year of pregnancy, total energy intake (fifths) before
pregnancy, and alcohol intake before pregnancy (none, 1-5,
6-15, ≥16 g/day).
We calculated the population attributable risk percentages and
95% confidence intervals to estimate the proportion of
gestational diabetes in this cohort that hypothetically would not
have occurred if all pregnancies were in the low risk group28 by
comparing pregnancies in the low risk category (for each factor
individually or in combination) with all the others.29 To allow
valid calculation of the population attributable risk percentage,
we estimated the relative risks with age explicitly in the
multivariate model based on log binomial generalized estimating
equation models, as mentioned above. For simplicity and
increased statistical efficiency, we used a single binary
categorical variable to calculate the population attributable risk
percentage pertaining to the impact of more than one low risk
factor. In addition, we derived similar percentages and 95%
confidence intervals based on the distributions of the four low
risk factors according to the recent prevalence among women
of reproductive ages (ages 18-45) in the nationally representative
US National Health and Nutrition Examination Survey
(2007-10), which is a program of studies designed to assess the
health and nutritional status of adults and children in the US.
We also carried out a sensitivity analysis to assess the robustness
of our findings, restricting our analysis to first births from
nulliparous women to reduce possible confounding by
experiences in previous pregnancies. We evaluated effect
modification by established risk factors for gestational diabetes
including age (<35 v ≥35), BMI before pregnancy (<25 v ≥25),
family history of diabetes (yes, no), and race (white v non-white)
by conducting stratified analyses. P values for heterogeneity
were derived from the cross product interaction term coefficient
(exposure variable × binary effect modifier variable) added to
the main effects multivariable model. All statistical analyses

were performed with SAS software (version 9.1; SAS Institute).
P<0.05 was considered significant.

Results
During the 10 years of follow-up, we identified 823 pregnancies
affected by incident gestational diabetes among the 20 136
eligible singleton pregnancies in 14 437 women (93% white).
The strongest individual risk factor for gestational diabetes was
a higher BMI before pregnancy (table 1⇓). Even a BMI at the
high end of the normal range (23.0-24.9) was associated with
a significantly increased risk of gestational diabetes. Each of
the other lifestyle factors before pregnancy (total
moderate/vigorous physical activity, smoking status, adherence
to Alternate Healthy Eating Index-2010 diet) was also
significantly associated with risk of gestational diabetes. The
associations remained significant after adjustment for other risk
factors of gestational diabetes such as maternal age, parity, and
family history of diabetes.
When we categorized exposures into “low risk” lifestyle factors,
normal weight before pregnancy, regular exercise, healthy diet,
and not smoking were all significantly and independently
associated with a lower risk of gestational diabetes (table 2⇓).
The population attributable risk percentage (95% confidence
interval) for overweight/obesity before pregnancy was 28%
(25% to 31%) (table 2). Independent of BMI, the population
attributable risk percentage for not meeting the US physical
activity guidelines of 150 minutes of moderate to vigorous
physical activity a week and lack of adherence to a healthful
dietary pattern was 10% and 12%, respectively. The
corresponding population attributable risk percentage for current
smoking was only 3% as the prevalence of smoking before
pregnancy in our population was low (8%). The population
attributable risk percentage (95% confidence interval) derived
based on the distributions of the four risk factors according to
the recent prevalence among women of reproductive ages (ages
18-45) in the National Health and Nutrition Examination Survey
2007-10 (see appendix 2) was 6% (2% to 10%) for current
smoking, 33 % (28, 39) for being overweight or obese, 11%
(3% to 19%) for lack of adherence to a healthy diet, and 11%
(7% to 21%) for not exercising regularly.
When women were given a point for each low risk lifestyle
factor they adhered to, increasing the number of low risk factors
was significantly and inversely associated with gestational
diabetes risk (figure⇓). Compared with women who did not
adhere to any low risk lifestyle factors before pregnancy, women
who adhered to all four factors had an 83% lower risk of
gestational diabetes (relative risk 0.17, 95% confidence interval
0.12 to 0.25).
Tables 3 shows the estimates of the relative risk among women
in the combined categories of low risk lifestyle compared with
all other women.⇓ Women who were in the low risk categories
for three lifestyle factors (diet, exercise, and cigarette smoking)
had a relative risk of gestational diabetes of 0.59 (95%
confidence interval 0.48 to 0.71) compared with all other
women. The corresponding population attributable risk
percentage was 35% (25% to 45%). The population attributable
risk percentage increased to 48% (36% to 57%) when we also
included normal included weight status in the definition of low
risk lifestyle; however, only 16% of pregnancies met criteria
for the low risk group. A similar population attributable risk
percentage (49.2%) was observed when we applied the
distributions of the four low risk factors from the US National
Health and Nutrition Examination Survey 2007-10 to the
calculation (see appendix 2).

No commercial reuse: See rights and reprints http://www.bmj.com/permissions Subscribe: http://www.bmj.com/subscribe

BMJ 2014;349:g5450 doi: 10.1136/bmj.g5450 (Published 30 September 2014) Page 3 of 11

RESEARCH

http://www.bmj.com/permissions
http://www.bmj.com/subscribe


Results were similar when we restricted the analysis to
nulliparous women (relative risk 0.54, 95% confidence interval
0.39 to 0.75, for all four low risk lifestyle factors) (table 4⇓).
When we examined the association using all pregnancies
regardless of previous gestational diabetes status, we observed
that the association was slightly attenuated: the relative risk was
0.51 (0.41 to 0.63) with a corresponding population attributable
risk percentage of 45.0% (33.9% to 54.1%).We did not observe
effect modification by the factors considered, including age,
BMI, family history of diabetes, or race/ethnicity (all P>0.05
for heterogeneity). The point estimate for population attributable
risk percentage seemsmuch greater among non-white thanwhite
women (79% v 45%). The difference, however, was not
significant, and the number of non-white women in this
population was small (two non-white women had gestational
diabetes events).

Discussion
In this large prospective cohort study of women of reproductive
age, we observed that a low risk lifestyle before pregnancy (that
is, maintaining a healthy body weight, consuming a healthy
diet, exercising regularly, and not smoking) was strongly and
inversely associated with the risk of gestational diabetes.Women
at low risk for all four lifestyle factors had more than 80% lower
risk than those without any of the low risk factors. The
population attributable risk percentage for smoking, inactivity,
overweight or obese, and poor diet in combination was 48%. A
similar population attributable risk percentage was observed
when we derived it based on distributions of the four low risk
factors from the nationally representative US National Health
and Nutrition Examination Survey.

Results in relation to other studies and
implications of the findings
There have been few studies on the role of lifestyle factors
before pregnancy in the development of gestational diabetes,
with most evidence on lifestyle factors or treatment of
hyperglycemia during pregnancy after the occurrence of
gestational diabetes. Emerging findings from several pilot
feasibility studies show evidence for lifestyle interventions in
the primary prevention of gestational diabetes with risk factors
for gestational diabetes as end points.30 31 For example, in a pilot
and feasibility study of 54 women at high risk for gestational
diabetes in Finland, a multi-component lifestyle intervention
during pregnancy resulted in a somewhat lower gestational
weight gain in the intervention group than the control group,32
although there was no impact on glucose tolerance.31 In another
randomized controlled trial among 50 non-Hispanic white obese
pregnant women, the intervention group reduced their total
energy intake and had lower fasting glucose and insulin
concentrations at 36 weeks’ gestation compared with the
standard care group.33 Evidence from additional studies is
necessary to bolster the sparse literature on lifestyle interventions
in pregnancy for the prevention of gestational diabetes. Findings
from our study, however, suggest that prevention of gestational
diabetes could start early, even before pregnancy.
We found that excess body adiposity is the strongest risk factor
of gestational diabetes. Obesity has become a global epidemic,
and its prevalence continues to increase.Women of reproductive
age are no exception. Data from the National Health and
Nutrition Examination Survey indicate that 60% of US women
aged 20-39 are overweight or obese.34 Moreover, a high
proportion of pregnant women, about 45%, are overweight or
obese when they become pregnant.35 Weight control before

pregnancy would be the most effective way to lower the risk of
gestational diabetes, but current strategies have not been
successful on a population basis. Our data suggest that, even
among overweight or obese women, healthy diet and lifestyle
was associated with a significantly lower risk of gestational
diabetes.

Possible explanations of the findings
We did not specifically measure lifestyle information during
pregnancy. It is plausible that the lower risk of gestational
diabetes associated with low risk lifestyle that we observed for
the period before pregnancy reflects continued or improved
habits during pregnancy. Nonetheless, reduction in risk
associated with lifestyle before pregnancy is biologically
plausible. During a normal pregnancy, the third trimester is
characterized by profound metabolic stresses on maternal lipid
and glucose homeostasis, such as marked insulin resistance,
hyperinsulinemia, and hyperlipidemia, favoring the transfer of
nutrients to the fetus.36 37 In most pregnant women, however,
glucose tolerance stays within the normal range. Women who
develop gestational diabetes are thought to have a compromised
capacity to adapt to these metabolic challenges of pregnancy.36
Pregnancy potentially serves to unmask a predisposition to
glucose metabolic disorders in a subset of women. Factors that
affect insulin resistance or relative insulin deficiency before
pregnancy could thus affect the risk of gestational diabetes.
Emerging findings also showed that adipokines and
inflammatorymarkers were higher amongwomenwho develop
gestational diabetes an average of seven years before the index
pregnancy and most affected women have impaired β cell
function before pregnancy.38

Strengths and potential limitations of this
study
Strengths of our study include its prospective cohort design with
large numbers of gestational diabetes events and detailed and
repeated measurements of diet and lifestyle factors with a
previously validated questionnaire.18-20 23 To our knowledge, this
is the largest and the first prospective cohort study that
comprehensively investigated the association of a combination
of diet and lifestyle factors before pregnancy with the risk of
gestational diabetes.
As in any observational study, measurement error in self
reported variables is inevitable; however, misclassification in
this prospective study should be non-differential with respect
to disease status and would thus have underestimated the true
relative risks. We used well validated questionnaires, and the
Nurses’ Health Study II cohort comprised health professionals
who are likely to be more familiar with health related
terminology than the general population, minimizing concern
for measurement errors and substantial attenuation.19 20 23

Additionally, self reported weight was highly correlated with
measured weight among a random subset of cohort participants
in the Boston area (r=0.97).18

The overall 5.6% rate of gestational diabetes in the present study
is in the upper range of the usual reported rates based on criteria
from the National Diabetes Data group (NDDG). This rate likely
reflects the high rate of screening in the cohort. In addition, this
estimate of incidence reflects a “per woman reporting 1 or more
singleton pregnancy” rather than “per pregnancy” rate. Our
validation study indicated a high degree of accuracy of self
reported gestational diabetes compared with medical record
review.24 The number of cases of gestational diabetes in our
cohort might be slightly overestimated by over-reporting of
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gestational diabetes. Misclassification of non-cases as cases
would be expected only to attenuate observed associations
between risk factors and outcome and so would not explain
positive results. Conceivably, women with classic risk factors
for gestational diabetes such as obesity and advanced agemight
be screened more often than women without such risk factors,
artificially increasing the observed risks associated with such
characteristics. Our validation study, however, showed a high
level of surveillance for gestational diabetes regardless of risk
factor status and noted no significant bias in screening based
on risk factor profile.24

Interpreting the population attributable risk estimates assumes
a causal association between the healthy life style factors and
risk of gestational diabetes. This is a big assumption, given that
our findings were based on an observational study. An effective
long term intervention study on the effects of multiple lifestyle
factors before pregnancy for the primary prevention of
gestational diabetes, however, would require a large sample size
and would be costly and prohibitively challenging to recruit a
generalizable study population before conception. Thus far, data
from such intervention studies are still lacking. As such, a
carefully conducted observational study could provide a
reasonable approach to evaluate any association. In addition,
we carefully controlled for major well documented risk factors
for gestational diabetes to minimize confounding.
The population attributable risk percentage is a population
specific calculation contingent on the prevalence of the exposure
and its association with risk of disease. The percentage estimated
from our cohort of parous health professionals probably
underestimates the burden of unhealthy behaviors on the risk
of gestational diabetes in the general population because the
prevalence of these unhealthy behaviors in the Nurses’ Health
Study II is probably lower. For instance, the prevalence of
overweight or obese among USwomen of reproductive age was
about 60% in the National Health and Nutrition Examination
Survey 2007-0833 but only 27% in the present study. When we
derived the population attributable risk percentage based on the
distributions of the four low risk factors according to the recent
prevalence among women of reproductive ages (ages 18-45) in
the nationally representative US National Health and Nutrition
Examination Survey (2007-10), we found a similar but slightly
higher percentage. Nonetheless, future studies among non-white
populations are warranted.

Conclusions
In conclusion, our data indicate that adherence to a healthful
lifestyle in the period before pregnancy is associated with a
substantially lower risk of gestational diabetes. Maintaining a
healthy body weight throughout one’s reproductive life would
confer the greatest benefit. A healthy diet and regular exercise
were associated with a substantial lower risk, independent of
their benefit on body weight. Importantly, among both normal
weight and overweight/obese women a healthy lifestyle was
related to a lower risk. Our findings also highlight the potential
benefit of integrating lifestyle counseling into preconception
care. Although it is always challenging to change
behavior/lifestyle, the time before and during pregnancy could
represent an opportunity to change diet and lifestyle as these
women might be particularly motivated to adhere to advice to
improve pregnancy and/or birth outcomes.
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Tables

Table 1| Relative risk of gestational diabetes by individual modifiable risk factors before pregnancy in 20 136 pregnancies in Nurses’ Health
Study II

Relative risk (95% CI)*No (%) of pregnancies

Alternate Healthy Eating Index-2010 diet score (fifth):

1.00 (reference)4017 (20.0)1

0.96 (0.79 to 1.17)4106 (20.4)2

0.98 (0.80 to 1.21)3917 (19.5)3

0.84 (0.67 to 1.04)3877 (19.3)4

0.75 (0.59 to 0.94)4219 (21.0)5

Moderate/vigorous activity (min/week):

1.00 (reference)5080 (25.2)<30

0.90 (0.72 to 1.13)2239 (11.1)30-59

0.91 (0.71 to 1.16)1937 (9.6)60-89

0.89 (0.71 to 1.10)2596 (12.9)90-149

0.85 (0.66 to 1.10)2111 (10.5)150-209

0.78 (0.64 to 0.94)6173 (30.7)≥210

BMI:

1.18 (0.72 to 1.94)743 (3.7 )<18.5

1.00 (reference)2438 (12.1)18.5-19.9

1.10 (0.82 to 1.48)7851 (39.0)20.0-22.9

1.61 (1.19 to 2.19)3600 (17.9)23.0-24.9

2.14 (1.55 to 2.93)2061 (10.2)25.0-26.9

2.20 (1.56 to 3.12)1183 (5.9 )27.0-28.9

2.58 (1.78 to 3.75)752 (3.7 )29.0-30.9

3.86 (2.71 to 5.50)571 (2.8 )31.0-32.9

4.38 (2.98 to 6.43)327 (1.6 )33.0-34.9

4.45 (3.19 to 6.20)610 (3.0 )≥35.0

Smoking status:

1.00 (reference)14543 (72.2)Never smoker

1.09 (0.91 to 1.29)3977 (19.8)Former smoker

1.43 (1.17 to 1.76)1616 (8.0 )Current smoker

BMI=body mass index.
*Adjusted for age, other variables included in table, parity, family history of diabetes, history of infertility, race/ethnicity, questionnaire period, total energy intake,
and alcohol intake.
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Table 2| Low risk lifestyle factors and risk of gestational diabetes in 20 136 pregnancies in Nurses’ Health Study II

Population attributable risk
percentage† (95% CI)Relative risk* (95% CI)

No (%) of pregnancies

Gestational diabetesLow risk group

3.4 (1.5 to 4.9)0.71 (0.58 to 0.87)72718 520 (92.0)Current non-smoker

28.1 (25.1 to 31.1)0.44 (0.38 to 0.50)41014 632 (72.7)BMI <25

12.4 (3.9 to 19.6)0.81 (0.70 to 0.94)2848096 (40.2)Healthy diet‡

10.1 (0.7 to 18.1)0.85 (0.73 to 0.99)2708284 (41.1)Moderate/vigorous exercise
≥150 min/week

*Adjusted for age, other variables included in table, parity, family history of diabetes, history of infertility, race/ethnicity, questionnaire period, total energy intake,
and alcohol intake. Reference group for relative risk calculation is all other pregnancies not in low risk factor category as defined in table—for instance, relative
risk comparing BMI <25 with BMI ≥25 is 0.44.
†Percentage of gestational diabetes cases in population theoretically attributable to non-adherence to particular factor.
‡Alternate Healthy Eating Index-2010 diet score in upper two fifths.
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Table 3| Combined low risk lifestyle factors and risk of gestational diabetes in 20 136 pregnancies in Nurses’ Health Study II

Population attributable risk
percentage† (95% CI)Relative risk* (95% CI)

No of pregnancies with
gestational diabetes

Percentage of
pregnanciesLow risk group

35.4 (25.1 to 44.9)0.59 (0.48 to 0.71)11220.33 factors in low risk category (current
non-smoker, moderate/vigorous physical
activity ≥150 min/week, healthy eating‡)

47.5 (35.6 to 56.6)0.48 (0.38 to 0.61)7116.3All 4 factors in low risk category (BMI
<25.0, current non-smoker,
moderate/vigorous physical activity ≥150
min/week, healthy eating‡)

*Estimated from generalized estimating equation models and adjusted for age, parity, family history of diabetes, history of infertility, race/ethnicity, questionnaire
period, total energy intake, and alcohol intake. Reference group for relative risk is all other pregnancies not in low risk group as defined in table.
†Percentage of cases of gestational diabetes in population theoretically attributable to non-adherence to particular factors.
‡Alternate Healthy Eating Index-2010 diet score in upper two fifths.
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Table 4| Low risk healthy lifestyle* and risk of gestational diabetes stratified by diabetes risk factors in 20 136 pregnancies in Nurses’
Health Study II

Population attributable risk
percentage‡ (95% CI)

Relative risk†
(95% CI)

No of pregnancies with
gestational diabetes

Percentage of pregnancies
in each group

Family history of diabetes:

44.2 (12.9 to 63.6)0.52 (0.31 to 0.86)1613.3Yes

48.3 (34.6 to 58.3)0.47 (0.36 to 0.62)5516.7No

Parity:

40.3 (21.9 to 53.4)0.54 (0.39 to 0.75)3922.5Nulliparous

52.5 (34.7 to 64.7)0.44 (0.31 to 0.63)3213.9Parous

Age (years):

46.5 (26.5 to 61.1)0.49 (0.33 to 0.71)2915.7<35

48.5 (32.9 to 59.5)0.47 (0.35 to 0.64)4216.9≥35

Race:

44.5 (31.8 to 54.5)0.51 (0.40 to 0.65)6916.3White

78.7 (25.2 to 92.2)0.19 (0.05 to 0.74)215.8Non-white

Overweight (BMI ≥25):

36.0 (16.2 to 51.3)0.60 (0.43 to 0.82)4114.7Yes

28.1 (11.6 to 40.5)0.66 (0.51 to 0.86)7122.4No

*Having all four factors in low risk category (current non-smoker, BMI <25.0, moderate/vigorous physical activity >150 min/week, Alternate Healthy Eating Index-2010
diet score in upper two fifths), except for stratified analysis by overweight status in which other three factors except BMI were included.
†Adjusted for age, parity, family history of diabetes, history of infertility, race/ethnicity, questionnaire period, total energy intake, and alcohol intake. Reference
group is all other pregnancies not having all four low risk factors except for stratified analysis by overweight status in which reference group is all other pregnancies
not having other three low risk factors.
‡Percentage of gestational diabetes cases in population theoretically attributable to non-adherence to particular factor.
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Figure

Association between number of low risk lifestyle factors and risk of gestational diabetes. Low risk lifestyle factors include
maintaining healthy body weight, consuming healthy diet, regular exercise, and not smoking. Relative risk adjusted for age,
parity, family history of diabetes, history of infertility, race/ethnicity, questionnaire period, total energy intake, and alcohol
consumption
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