
SUPPLEMENTARY DATA

ADDITIONAL INFORMATION for RESEARCH DESIGN AND METHODS 

Study population

The Nurses’ Health Study II (NHS II) is an ongoing prospective cohort and continues to be followed
with the use of biennial mailed questionnaires to update information on health-related behaviors and to
determine the development of disease outcomes. The cohort's follow-up rate has been approximately
90% for every 2-year period. For the present study, women were excluded 1) if they did not complete a
semi-quantitative food frequency questionnaire (SFFQ) in 1991; 2) if more than 70 items on their SFFQ
were left blank; 3) if their reported total energy intake was implausible (less than 500 kcal/day or over
3,500 kcal/day); 4) if they reported a multiple gestation (twins or higher-order multiple gestation); 5) if
they did not provide physical activity data in 1991, or 6) if they reported a history of diabetes, cancer,
cardiovascular disease, or GDM on the 1989 or 1991 questionnaire.  This study was approved by the
Institutional Review Board of the Brigham and Women's Hospital and the Harvard School of Public
Health, Boston, MA.

Ascertainment of GDM

 In a validation study, medical records were reviewed among a sample of 114 women in the cohort who
had a first self-report of GDM in a singleton pregnancy. Of these women, 94% were confirmed to have a
physician diagnosis of GDM on medical record.  Supplementary questionnaires were also sent to 100
women reporting a pregnancy uncomplicated by GDM during the same time interval.  Ninety three
responders confirmed a singleton pregnancy during this period.  Among them, 83% reported a glucose
loading test and all (100%) reported frequent urine screening of complications in pregnancy, consistent
with a high degree of surveillance of pregnancy complications in this cohort.

Dietary assessment

For this analysis, we used information from the SFFQs administered in 1991, 1995, and 1999.  For each
food, we specified a commonly used unit or portion size and participants were asked to report how often
they had consumed that amount of the food, on average, over the previous year.  In the SFFQ, there
were 29 items on consumption of vegetables and 11 items on consumption of fruit, and 4 items on
consumption of 100% fruit juices (“apple juice”, “orange juice”, “grape-fruit juice”, and “other juices”).
In this analysis, we considered 1991 as the baseline since the SFFQ was administered beginning this
year and every four years thereafter.  In the present study, fruit juices correspond to 100% fruit juices.
Fruit punches and other fruit drinks were grouped with other sugar-sweetened beverages and examined
previously in this cohort (1) and thus not included in this analysis.  For secondary analysis, we further
created several subgroups of fruit : 1) apples, 2) bananas, 3) berries (“strawberries” & “blueberries”), 4)
oranges, 5) raisins, and 6) other fruit (“prunes”, “cantaloupe”, “avocado”, and “peaches, apricots, or
plums”), and 3 subgroups of fruit juice: 1) apple juice, 2) orange juice, and 3) other fruit juice (grape
fruit juice intake was very low and therefore was combined into the other fruit juices category).  Nutrient
intakes were computed by multiplying the frequency of response by the nutrient content of the specified
portion sizes.  The validity and reliability of SFFQs similar to those used in the NHS II  have been
described  elsewhere  (2;3).   For  instance,  corrected  correlation  coefficients  between  the  SFFQ and
multiple dietary records were 0.80 for apples, 0.74 for oranges, and 0.84 for orange juices in the Nurses’
Health Study I (2;3).  
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Assessment of non-dietary covariates 

Participants’  demographic,  clinical,  and lifestyle  information  was  collected  at  baseline  and  updated
biennially.   Body mass  index  (BMI)  was  calculated  by self-reported  weight  and  height  (weight  in
kilograms divided by the square of height in meters) using height reported at baseline and weight that
was updated biennially.  Physical activity was assessed through mailed questionnaires in 1989, 1991,
and 1997.  Family history of diabetes and other diseases was reported in 1989.

Statistical analysis 

The primary outcome of this study is incident GDM during 1992 to 2001.  Each participant contributed
follow-up time from the date of returning the 1991 questionnaire to the date of the first event of GDM,
death, or June 1, 2001.  In primary analyses, we calculated the cumulative average intakes of dietary
variables to reduce within-person variation and to present long-term dietary intakes before GDM was
diagnosed (i.e. the 1991 intake was used for the follow-up between 1991 and 1995, and the average of
the 1991 and 1995 intakes was used for the follow-up between 1995 and 1999, and the average intake of
the 1991, 1995, and 1999 intakes was used for the follow-up between 2000-2001).   In multivariate
analyses, we additionally adjusted for age (< 30, 30-34, 35-39, 40-44, ≥ 45 y), race/ethnicity (Caucasian,
African American, Hispanic, and Asian), family history of diabetes (yes or no), smoking status (never,
past, or current), physical activity (quintiles), and alcohol consumption (0, 0.1– 4.9, 5.0–9.9, and >10
g/day),  BMI before pregnancy  (<21, 21–22.9, 23.0 –24.9, 25.0 –26.9, 27.0 –28.9, 29.0 –30.9, 31.0 –
32.9, 33.0 –34.9, and ≥ 35.0 kg/m2) and selected dietary variables (quintiles).  The significance of linear
trends across categories of fruit or fruit juices intake was evaluated using the median value for each
category and analyzed as continuous variables in multivariate models.   

ADDITIONAL RESULTS & DISCUSSION

Baseline characteristics for study participants

At  baseline,  the  median  intake  was  1.0  serving/day  (range:  0-12.0  servings/day)  for  fruit  and  0.6
servings/day (range: 0-12.6 servings/day) for fruit juices.  Women who had a pre-pregnancy diet high in
fruit were, on average, older and more physically active, more likely to have husbands with graduate
degrees, and were less likely to smoke cigarettes and drink alcohol than those who consumed less fruit
(Supplementary  Table  1).   These  women  also  tended  to  consume  a  diet  higher  in  total  calories,
carbohydrate, dietary fiber, and selected minerals and vitamins (i.e. magnesium, potassium, calcium,
vitamin C & E, folate, total carotene, and total flavonoids), but lower in total fat.  Fruit consumption did
not differ by BMI status.  Women who consumed more fruit juices were generally similar to those who
consumed more whole fruit, except that they were thinner, more likely to be nulliparous, and had lower
intakes of vitamin E and total flavonoids compared to women who had a lower consumption of juices.
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Strengths and limitations 

The strengths of our study include the prospective design, large sample size, updated and validated
dietary information, and ability to adjust for multiple potential confounding factors.  Several limitations
of the present study merit consideration.  First, dietary intakes measured by SFFQ are inevitably subject
to measurement error.  However, the corrected correlation coefficients between the SFFQ and multiple
dietary records were on average above 0.70 for most of fruit, fruit juices, and vegetables as shown in the
validation study (2).  In addition, we calculated the cumulative intake by using repeated measurements
to reduce random errors.  Second, the impact of residual confounding cannot be ruled out, although we
controlled  for  most  known  factors  associated  with  GDM  risk.   Also,  our  population  is  relatively
homogeneous regarding their socioeconomic status and occupational environments, which would tend to
reduce  the  impact  of  unknown  or  unmeasured  confounders.   Third,  we  did  not  collect  dietary
information during pregnancy.  It is possible that women changed their diets during pregnancy due to
dietary counseling or change in appetite  (4;5).  Such changes may have acute effects on GDM risk or
may modify the effects of pre-pregnancy diet on GDM risk.  There is evidence, however, suggesting that
such a pregnancy-related change in dietary intake is food-specific and is not substantial for fruits and
vegetables.  For instance, in a prospective study among 2,128 pregnant women (6), fruits and vegetables
consumption did not change appreciably from the 1st to the 2nd trimester during pregnancy (5.8 vs. 5.9
servings/day).  Lastly, all participants in our study are nurses and majority of them are Caucasian, which
may affect the generalizability of our findings.  
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