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ABSTRACT

STUDY QUESTION

What is the association between potato consumption
before pregnancy and the risk of gestational diabetes
mellitus (GDM)?

METHODS

This prospective cohort study included 15632 women
from the Nurses’ Health Study Il (1991-2001). They had
no previous GDM or chronic diseases before
pregnancy. Consumption of potatoes and other foods
was assessed every four years. Incident first time GDM
was ascertained from self reports of a physician
diagnosis of GDM, which was previously validated by
medical records.

STUDY ANSWER AND LIMITATIONS

Over the 10 year follow-up there were 854 incident
cases of GDM among 21693 singleton pregnancies.
After adjustment for age, parity, and dietary and
non-dietary factors, women who consumed more
potatoes before pregnancy had higher rates of
developing GDM. Substitution of two servings a week
of total potatoes with other vegetables, legumes, and
whole grain foods was significantly associated with a
9-12% lower risk of GDM. Consumption and diabetes
were self reported, and severity of diabetes was
unknown. More than 90% of women were white. A
causal association cannot be assumed.

WHAT THIS PAPER ADDS

Higher levels of potato consumption before pregnancy
are associated with greater risk of GDM, and
substitution of potatoes with other vegetables,
legumes, or whole grain foods might lower the risk.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Gestational diabetes is a common complication of pregnancy and is at the center of
avicious circle of diabetes-begets-diabetes across generations

The Dietary Guidelines for Americans continuously include potatoes within the
vegetable food group as a healthy food, though previous studies suggest that
potatoes can adversely affect glucose metabolism because they contain large
amounts of rapidly absorbable starch

The association between potato consumption and risk of gestational diabetes
mellitus remains unknown

WHAT THIS STUDY ADDS

the risk of GDM

Pre-pregnancy potato consumption was significantly and positively associated with

Substitution of potatoes with other vegetables, legumes, or whole grain foods
might lower the risk of GDM
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Introduction
Potatoes are the third most commonly consumed
food crop in the world, after rice and wheat.! In the
United States, about 35% of women of reproductive
age (that is, aged 19-50) consume potatoes daily,
accounting for 8% of daily total energy intake.? The
health effects of potatoes are inconclusive,'? and
there have been longstanding debates on the appro-
priate placement of potatoes in dietary guidance.*®
Nonetheless, the Dietary Guidelines for Americans
continue to include potatoes in the vegetable food
group and encourage consumption.” Though pota-
toes are rich in vitamin C, potassium, dietary fiber,
and some phytochemicals,® unlike other vegetables
they can have detrimental effects on glucose metabo-
lism because they contain large amounts of rapidly
absorbable starch.? Indeed, several epidemiologic
studies have linked higher potato consumption to
increased concentrations of fasting plasma glucose,?
insulin resistance,® and an increased risk of type 2
diabetes mellitus.?1©

Gestational diabetes mellitus (GDM) is a common
complication of pregnancy characterized by glucose
intolerance with onset or first recognition during preg-
nancy.! GDM is not only associated with adverse peri-
natal outcomes,?? it is also related to increased long
term cardiometabolic risk in both mothers and their
offspring.! 3 It is therefore crucial to identify modifi-
able risk factors that could contribute to the prevention
of GDM. Previous studies have found that a diet with a
higher glycemic index is related to higher plasma glu-
cose and HbAlc concentrations during pregnancy'!®
and could increase the risk of GDM.'® The association
between consumption of potatoes, a commonly con-
sumed food with a high glycemic index, and GDM risk,
remains unknown. Using data from a large prospective
cohort study, we examined the association between
potato consumption before pregnancy and risk of inci-
dent GDM.

Methods

Study population

The Nurses’ Health Study II (NHSII) is an ongoing pro-
spective cohort study of 116 430 female nurses aged
24-44 at study inception in 1989.7 The participants
received a biennial questionnaire regarding disease
outcomes and lifestyle behaviors, such as smoking sta-
tus and medication use. Follow-up for each question-
naire cycle was greater than 90%.18
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We included participants from NHSII in this analysis
if they reported at least one incident singleton preg-
nancy that lasted more than six months. The 1991 ques-
tionnaire was the first time dietary information was
captured. We therefore set this year as the baseline for
this analysis and included only pregnancies occurring
after the return of 1991 questionnaire. The 2001 ques-
tionnaire was the last time GDM was ascertained as
most participants had passed reproductive age by then;
thus, length follow-up of GDM was up to the return of
the 2001 questionnaire. Individual pregnancies were
eligible if the woman did not report GDM in a previous
pregnancy and had no prior diagnosis of type 2 diabe-
tes, cardiovascular disease, or cancer. We excluded
pregnancies if the woman did not return at least one
pre-pregnancy food frequency questionnaire, left more
than 70 questionnaire items blank, or reported
unrealistic total energy intake (< 2510 or > 14 644 K] /day,
equivalent to <600 or >3500 kcal/day). We excluded
women with GDM in a previous pregnancy because they
might change their diet and lifestyle during the next
pregnancy to prevent recurrence.

Assessment of exposure

Beginning in 1991 and every four years thereafter,
study participants reported their usual food intake
during the previous year on a food frequency ques-
tionnaire. The validity and reproducibility of the ques-
tionnaire are documented elsewhere.'??! For potato
consumption, we asked each participant how often,
on average, they had consumed baked, boiled, or
mashed potatoes (serving size: one baked or boiled or
237 mL (equivalent to one cup) mashed) or French fries
(serving size 113 g) during the previous year. The pos-
sible responses of frequency ranged from never or less
than once/month to six or more times a day. In a previ-
ous validation study, the corrected correlations
between the food frequency questionnaire and the diet
records were 0.66 for potatoes and 0.60 for French
fries.?! We summed consumptions of baked, boiled, or
mashed potatoes and French fries as total potato con-
sumption. In addition, we asked the participants their
frequency of consumption of potato chips or corn
chips (combined) during the previous year (serving
size 28 g or small bag).

Ascertainment of outcomes

The NHSII participants reported incident GDM on each
biennial questionnaire through 2001. For women who
reported more than one pregnancy lasting more than
six months within a two year questionnaire period,
GDM status was attributed to the first pregnancy. In a
prior validation study among a subgroup of the NHSII
cohort, 94% of GDM self reports were confirmed by
medical records.”” In a random sample of parous
women without GDM, 83% reported undergoing a glu-
cose screening test during pregnancy and 100%
reported frequent prenatal urine screenings, which
indicated a high level of GDM surveillance in this
cohort.”” During the period that GDM events were
reported in the present study (1991-2001), the National
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Diabetes Data Group criteria?? have been widely
adopted for GDM diagnosis.

Assessment of covariates

Participants reported their height and weight in 1989
and updated their weight on each biennial question-
naire. In a previous validation study, self reported
weight was highly correlated with weight measured by
a technician (r=0.97).2 Body mass index (BMI) was
computed as weight in kilograms divided by height in
meters squared. Total physical activity was ascertained
by frequency of engaging in common recreational activ-
ities, from which metabolic equivalent hours per week
were derived. A prior validation study showed that
questionnaire based estimates correlated well with
detailed activity diaries (r=0.56).%

To account for potential confounding by the partici-
pants’ overall quality of diet, we derived a diet score—the
alternate healthy eating index 2010 (AHEI-2010)—for
each participant, as previously described.” In brief, we
allotted O to 10 points for intake of each of the following
components, with adherence to dietary recommenda-
tions receiving 10 points: vegetables (servings/day),
fruits (servings/day), whole grains (g/day), sugar sweet-
ened beverages and fruit juice (inversely scored, serv-
ings/day), nuts and legumes (servings/day), red/
processed meat (inversely scored, servings/day), trans
fat (inversely scored, % of energy), long chain n-3 fats
(mg/day), polyunsaturated fat (% of energy), sodium
(inversely scored, mg/day), and alcohol (drinks/day; we
assigned the highest score to moderate (0.5-1.5 drinks/
day) and the worst score to heavy (>2.5 drinks/day) alco-
hol consumers). The overall AHEI-2010 ranged from O to
110 points, with a higher score indicating a better quality
of diet and associated with a lower risk of incident
chronic diseases, including cardiovascular disease, dia-
betes, and cancer.?

Statistical analysis

We calculated a cumulative average intake of potato
consumption before pregnancy for each individual at
each time period to reduce variation within individuals
and to represent long term habitual pre-pregnancy
diet.?¢ For instance, the 1991 intake was used for the fol-
low-up between 1991 and 1995, the average of the 1991
and 1995 intake was used for the follow-up between
1995 and 1999, and so on.

Descriptive statistics at baseline are presented as
means (standard deviations) for continuous variables
and percentages for categorical variables. To compare
categories of pre-pregnancy potato consumption, we
used analysis of variance test for continuous variables
and y? test for categorical variables. We used log-bino-
mials models?” with generalized estimating equations
to estimate relative risks and 95% confidence intervals.
Generalized estimating equations allowed us to account
for correlations among repeated observations (preg-
nancies) contributed by a single participant.?® In a few
instances, the log-binomials models did not converge,
and we used log-Poisson models,? which provide con-
sistent but not fully efficient risk estimates.

doi: 10.1136/bmj.h6898 | BMJ 2016;352:h6898 | thebmj
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Pre-pregnancy covariates in the multivariable mod-
els included age (continuous), parity (0, 1, 2, and >3
pregnancies lasting six or more months), race/ethnicity
(white, African-American, Hispanic, Asian, other, and
missing/not reported), family history of diabetes (yes,
no), cigarette smoking (never, past, current, and miss-
ing/not reported), physical activity (fourths), total
energy intake (fourths), and overall diet quality as rep-
resented by the AHEI-2010 dietary pattern score
(fourths). We additionally adjusted for biennially
updated measures of BMI (<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, >35.0). BMI
was entered into the model separately because it can
also be an intermediate on the pathway between potato
consumption and GDM risk. We derived covariates from
the questionnaire preceding each pregnancy, except
race/ethnicity and family history of diabetes, which
were reported in 1989. Categorical covariates included
an indicator variable for missing data, if necessary. To
tests for linear trends across categories of potato con-
sumption we assigned the median intake for each cate-
gory and fitted this as continuous variable in the
models. In a sensitivity analysis for the tests of linear
trends, we used the actual continuous amount of total
potato consumption in the analysis.

We estimated the effect of substituting two servings/
week of total potatoes with the same serving amount of
alternative foods (that is, other vegetables, legumes, or
whole grain foods) by including both as continuous
variables in the same multivariable model, which also
contained non-dietary covariates and dietary covari-
ates including total energy intake. We estimated relative
risks and 95% confidence intervals for the substitution
associations by computing the difference in their 8 coef-
ficients and in their own variances and covariance.>®

To evaluate effect modification, we performed strati-
fied analyses according to age (<35 v >35), parity (nul-
liparous v parous), family history of diabetes (yes v no),
physical activity before pregnancy (<median v
>median), overall quality of diet (AHEI-2010 dietary
pattern score; <median v >median), and overweight sta-
tus before pregnancy (BMI <25 v >25). We tested interac-
tions between these factors and potato consumption by
adding multiplicative interaction terms of the binary
effect modifiers and continuous linear trend variables
in the multivariable models.

To assess the robustness of our findings, we per-
formed a series of sensitivity analyses by using different
modeling approaches. For instance, in a sensitivity
analysis, we adjusted for individual food items related
to diabetes (such as red meat, fruits, vegetables, whole
grains, and sugar sweetened beverages), instead of the
AHEI diet quality score that represents a combination of
individual food items as a dietary pattern.?> In addition,
we performed a sensitivity analysis using the most
recent data for potato consumption before pregnancy
instead of the cumulative average intake as the expo-
sure variable. We also conducted sensitivity analyses by
adjusting for major covariates as more refined catego-
ries (such as tenths) or as continuous variables. Among
the participants included in this analysis, less than 3%
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of covariate data were missing for a given variable. Col-
lectively, only 4.5% of the total participants had at least
one missing variable in the covariates. To examine the
impact of incomplete data in our analysis, we conducted
a sensitivity analysis by omitting those participants
with incomplete covariate data.

All statistical analyses were performed with SAS soft-
ware (version 9.3; SAS Institute). P<0.05 was considered
significant.

Patient involvement

No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in
developing plans for recruitment, design and imple-
mentation of the study. No patients were asked to advise
on interpretation or writing up of results. There are no
plans to disseminate the results of the research to study
participants or the relevant patient community.

Results

During the 10 years of follow-up, we documented 854
incident pregnancies affected by GDM among 21693 eli-
gible singleton pregnancies from 15632 women (6061
women with more than one pregnancy). At baseline in
1991, women with higher potato consumption were
younger, less likely to be nulliparous, and more likely to
be current smokers (table 1). They had a higher BMI,
performed less physical activity, consumed greater total
energy, and had a lower quality of overall diet as repre-
sented by the AHEI-2010 dietary pattern score.

Higher total potato consumption was significantly
associated with an increased risk of GDM (table 2).
After adjustment for age, parity, dietary and non-
dietary factors, the relative risks of GDM for total potato
consumption of 1, 2-4, and >5 servings/week, compared
with <1 serving/week, were 1.21 (95% confidence inter-
val 0.98 to 1.50), 1.34 (1.10 to 1.64), and 1.62 (1.24 to 2.13),
respectively (P<0.001 for trend). The association was
modestly attenuated but remained significant after
additional adjustment for BMI, with the corresponding
relative risks of 1.20 (0.97 to 1.48), 1.27 (1.04 to 1.55), and
1.50 (1.15 to 1.96), respectively (P=0.006 for trend). Addi-
tional adjustment for glycemic index did not alter the
association between consumption and risk. In addition,
associations did not differ by other risk factors for GDM,
such as age, parity, family history of diabetes, physical
activity, overall diet quality, or overweight status (data
not shown). Substitution of two servings per week of
total potatoes with other vegetables, legumes, and
whole grain foods was significantly associated with a
lower risk of GDM: 9% (0.91, 0.85 to 0.97) lower risk for
other vegetables, 10% (0.90, 0.83 to 0.99) for legumes,
and 12% (0.88, 0.83 to 0.94) for whole grain foods (fig 1).

We also examined the association between risk of
GDM and different types of potato preparations
(tables 3 and 4). The multivariable adjusted relative
risks for GDM for baked, boiled, or mashed potato con-
sumption of 1, 2-4, and >5 servings/week, compared
with <1 serving/week, were 1.16 (95% confidence inter-
val 0.97 to 1.39), 1.30 (1.08 to 1.57), and 1.57 (1.14 to
2.15), respectively (P=0.001 for trend). The association

3
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Table 1| Age standardized characteristics of study population (n=15 632) from Nurses’
Health Study Il in 1991, according to categories of total potato consumption before
pregnancy. Figures are numbers (age standardized percentage*) unless stated otherwise.
All comparisons were significant across categories except family history of diabetes

Consumption (servings/week)

Characteristics <1 1 2-4 =5

No of participants 3206 4068 6832 1526
Mean (SD) age (years) 32.3(3.4) 321 (3.3) 31.9(3.2) 31.6 (3.2
White 2891 (90.3) 3808 (93.6) 6433 (94.2) 1425 (93.3)
Family history of diabetes 352 (10.8) 431 (10.6) 764 (11.2) 197 (13.1)
Nulliparous 1394 (43.8) 1468 (36.2) 2164 (31.6) 449 (28.9)
Current smoking 232(7.2) 345 (8.5) 638 (9.4) 174 (11.4)
Alcohol (g/d) 2.9 (5.0) 3.2 (5.4) 3.0 (5.2) 2.7 (4.8)
BMI 22.9 (4.0) 23.2 (4.0) 23.7 (4.6) 24.2 (4.8)
Physical activity (metabolic ~ 25.5 (31.4) 24.7 (31.0) 22.0 (271) 22.0 (29.6)

equivalent-h/week)

Total calories (kJ/d)

6453.8 (2048.9)

7176.4 (2038.9)  8106.9 (2188.2) 9559.6 (2248.5)

Carbohydrate (%E) 51.2 (7.7) 50.7 (7.1) 50.3 (7.0) 50.3 (7.3)
Protein (%E) 19.6 (3.6) 19.5 (3.4) 191 (3.) 18.6 3.1)
Total fat (%E) 29.9 (5.6) 30.4 (5.3) 31.4 (5.3) 32.3(5.7)
Saturated fat (%E) 10.9 (2.6) 11.0 (2.4) 11.3(2.3) 11.5 (2.4)
Monounsaturated fat (%E) 111 (2.3) 1.4 (2.2) 1.9 (2.3) 12.5 (2.5
Polyunsaturated fat (%E) 5.4 (1.5) 5.4 (1.3) 5.5(1.2) 5.5(1.2)
Trans fat (%E) 1.4 (0.5) 1.5 (0.5) 1.7 (0.6) 1.9(0.7)
Cholesterol (mg/dt) 232.9 (68.8) 236.3 (64.3) 240.4 (61.0) 238.5 (66.0)
Glycemic indext) 531 (3.7) 53.4(3.2) 54.4 (2.9) 55.6 (2.7)
Glycemic loadt) 124.4 (22.9) 123.0 (20.5) 123.0 (19.8) 1241 (20.2)
Total fiber (g/dt) 181 (6.0) 18.2 (5.6) 17.9 (5.1) 18.2 (5.2)
Magnesium (mg/dt) 335.4 (78.9) 328.7 (74.3) 311.0 (69.3) 292.6 (65.9)
Heme iron (mg/dt) 1.0 (0.4) 11(0.4) 11(0.4) 11(0.4)

Potassium (mg/dt)

2880.1 (527.7)

28871 (510.4) 2879.2 (491.8)  2900.6 (514.3)

Calcium (mg/dt)

1161.4 (487.3)

1118.3 (426.5) 1036.1 (390.2)  940.0 (351.4)

Vitamin C (mg/dt)

290.4 (334.6)

252.0 (272.9) 232.0 (245.1) 204.0 (198.5)

Vitamin E (mg/dt) 24.4 (54.7) 20.8 (46.3) 19.5 (40.4) 16.2 (29.6)
Red meat (servings/d) 0.5(0.4) 0.6 (0.5) 0.8 (0.5) 1.2(0.7)
Poultry (servings/d) 0.4 (0.3) 0.4 (0.3) 0.5 (0.3) 0.5 (0.3)
Fish (servings/d) 0.2(0.2) 0.2 (0.2 0.2(0.2) 0.2(0.2)
Eggs (servings/d) 0.1 (0.2) 0.2(0.2) 0.2 (0.2 0.2 (0.2
Low fat dairy (servings/d) 1.4(1.3) 1.6 (1.3) 1.6 (1.2) 1.5 (1.3)
High fat dairy (servings/d) 0.9 (0.9) 0.9 (0.9 1.0 (0.9) 11 (0.9
Nuts (servings/d) 0.2(0.3) 0.2 (0.4) 0.3(0.3) 0.3 (0.4)
Legumes (servings/d) 0.3(0.3) 0.3(0.3) 0.4 (0.3) 0.5 (0.4)
Vegetables (servings/d) 27022 3.0(1.9 3.3 (2.0 3.6(2.3)
Fruits (servings/d) 11(0.9) 1.2(1.0) 1.2 (1.0) 1.2(1.0)
Whole grain foods 13(1.2) 1.4(1.2) 15(1.2) 1.6(1.3)
(servings/d)

SSBs (servings/d) 0.4 (0.7) 0.4(0.7) 0.6 (0.9) 0.8 (1.1)
AHEI score 52.1(10.5) 50.5 (10.3) 46.4(10.4) 42.0 (10.9)

%E=% of energy; AHE|=alternate healthy eating index; BMI=body mass index; MET=metabolic equivalent;

SSB=sugar sweetened beverage.

*Age standardized percentages might not be equal to percentages directly calculated by numerator and
denominator in each category of potato consumption.

tEnergy adjusted.

remained significant after additional adjustment for
BMI. For French fries, the multivariable adjusted rela-
tive risks for GDM for consumption at 1-3 servings/
month, 1 serving/week, and >2 servings/week, com-
pared with no consumption or consumption <1 serv-
ing/month, were 1.07 (0.88 to 1.29), 1.25 (1.00 to 1.55),
and 1.31 (1.00 to 1.70), respectively (P=0.03 for trend).
The association was attenuated and no longer signifi-
cant after additional adjustment for BMI. We observed
a significant and positive correlation between the con-
sumption of different types of potato preparations

(that is, baked, boiled, or mashed potatoes, and
French fries); the Pearson correlation coefficient was
0.18 (P<0.001). This indicates that a woman who ate
more baked, boiled, or mashed potatoes was more
likely to eat more French fries, and vice versa. To
examine the independent associations between differ-
ent types of potato preparations and GDM, we
included both types simultaneously in the same mul-
tivariable model and observed almost identical magni-
tude of the associations with risk. The mutually
adjusted relative risks for GDM associated with each
increment of one serving/week consumption were 1.08
(1.03 to 1.14) for baked, boiled, or mashed potatoes and
1.08 (1.03 to 1.14) for French fries. For potato chips or
corn chips combined, we found no significant associa-
tion with risk; the multivariable adjusted relative risks
for GDM for consumption at 1-3 servings/month, 1 serv-
ing/week, and >2 servings/week, compared with no
consumption or consumption <1 serving/month, were
0.97 (0.81 to 1.16), 1.02 (0.83 to 1.25), and 1.00 (0.80 to
1.24), respectively (P=0.87 for trend).

The association between potato consumption
between pregnancy and risk of GDM was robust in mul-
tiple sensitivity analyses. First, we observed similar
results when we adjusted for individual food items
related to diabetes (such as red meat, fruits, vegeta-
bles, whole grains, and sugar sweetened beverages),
instead of the AHEI diet quality score in the multivari-
able model (appendix table A). The adjusted relative
risks for GDM for total potato consumption of 1, 2-4,
and >5 servings/week, compared with <1 serving/week,
were 1.18 (95% confidence interval 0.95 to 1.45), 1.21
(0.99 to 1.48), and 1.40 (1.08 to 1.83), respectively
(P=0.03 for trend). Second, a sensitivity analysis in
which we used the actual continuous amount of total
potato consumption, instead of the median level of
each category of total potato consumption, in the test
of linear trend analysis, yielded almost the same
results as those in our main analysis (appendix table
B). Third, we observed similar results in a sensitivity
analysis that omitted participants with incomplete
covariate data, which comprised 4.5% of the total par-
ticipants (appendix table C). The adjusted relative risks
for GDM for total potato consumption of 1, 2-4, and >5
servings/week, compared with <1 serving/week, were
1.21 (0.97 to 1.50), 1.28 (1.04 to 1.57), and 1.51 (1.14 to
1.98), respectively (P=0.007 for trend). Fourth, we also
observed similar results in a sensitivity analysis using
the most recent pre-pregnancy potato consumption,
rather than the cumulative average intake of potatoes,
as the exposure variable (appendix table D). The
adjusted relative risks for GDM for total potato con-
sumption of 1, 2-4, and >5 servings/week, compared
with <1 serving/week, were 1.17 (0.95 to 1.44), 1.27 (1.04
to 1.55), and 1.35 (1.04 to 1.75), respectively (P=0.02 for
trend). In addition, we conducted sensitivity analyses
by adjusting for major covariates (such as physical
activity levels, BMI) as more refined categories (that is,
tenths) or as continuous variables (appendix tables
E-G). The significant association between total potato
consumption and risk of GDM persisted.

doi: 10.1136/bmj.h6898 | BMJ 2016;352:h6898 | thebmj
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Table 2 | Relative risks (95% confidence intervals) for gestational diabetes mellitus
according to total potato consumption before pregnancy

Consumption (servings/week)

<1 1 2-4 >5 P for trend

GDM/ 136/4336  211/5763 403/9599 195/1995 -
pregnancies
Models*:

1 1.00 1.24 (1.01 to 1.54) 1.48 (1.22t01.79)  1.93 (1.51t02.48) <0.001

2 1.00 1.25 (1.01 to 1.54) 1.45 (119 t0 1.77) 1.81 (1.39t02.37) <0.001

3 1.00 1.21(0.98t01.50) 1.34(1.10t01.64) 1.62(1.24t02.13) <0.001

4 1.00 1.20(0.97t0 1.48) 1.27 (1.04t0 1.55)  1.50 (1.15 to 1.96) 0.006

*Model 1: age (months) and parity (0, 1, 2, 23); model 2: model 1+race/ethnicity (white, African-American,
Hispanic, Asian, others), family history of diabetes (yes, no), cigarette smoking (never, past, current), physical
activity (fourths), and total energy intake (fourths); model 3: model 2+alternate healthy eating index 2010
(fourths); model 4: model 3+pre-pregnancy BMI (nine categories; <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).

Relative risk (95% ClI)

All vegetables (not including
potatoes) for potatoes

—_—

e —

Legumes for potatoes

Whole grain foods for potatoes —_—

0.7 0.8 0.9 1.0

Fig 1| Risk of gestational diabetes mellitus (GDM)
associated with substitution of all vegetables (not
including potatoes), legumes, or whole grain foods for
potatoes at same serving amount (two servings/week).
Adjusted for age (months), parity (0, 1, 2, >3), race/
ethnicity (white, African-American, Hispanic, Asian,
others), family history of diabetes (yes, no), cigarette
smoking (never, past, current), physical activity (fourths),
total energy intake (fourths), alternate healthy eating
index 2010 (fourths), and pre-pregnancy BMI (nine
categories: <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)

Discussion

In this large prospective cohort study, we found that
higher pre-pregnancy consumption of potatoes was sig-
nificantly associated with a greater risk of gestational
diabetes mellitus (GDM), even after adjustment for
other major risk factors for GDM such as age, family his-
tory of diabetes, physical activity, overall diet quality,
and BMI. We estimated that substitution of total pota-
toes with other vegetables, legumes, or whole grain
foods was significantly associated with a lower risk of
GDM.

Results in relation to other studies and implications
of findings

Although the association between potato consumption
and risk of GDM has not been previously investigated,
higher potato consumption has been associated with
markers of altered glucose metabolism, including
increased fasting plasma glucose concentrations and
insulin resistance, in people at high risk.® In addition,
our results were in line with those from several previous
studies,?'® although not all,?'32 on the associations of
potato consumption with risk of type 2 diabetes mellitus.
For instance, a previous study in women who were not
pregnant found that higher consumptions of potatoes
and French fries was associated with a moderately
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increased risk of type 2 diabetes mellitus after adjust-
ment for age and dietary and non-dietary factors; women
with the highest fifth of consumptions of potatoes and
French fries, compared with those with the lowest fifth,
had a 14% and 21% higher risk, respectively.?

Potatoes are widely consumed worldwide. Under-
standing of the association between consumption and
risk of GDM, a common complication of pregnancy that
has adverse impacts on the health of women and their
children, has important clinical and public health
implications. In the US, the Dietary Guidelines for
Americans includes potatoes in the vegetable food
group,’ whereas the United Kingdom’s national dietary
guidelines classifies potatoes in the starchy food
group.” Both guidelines, however, advise people to
consume plenty of potatoes as either vegetables or
starchy foods. Findings from the present study raise
concerns about such guidance. Our findings, together
with data from other studies,?*38 further highlight the
potential role of pre-pregnancy diet in the development
of GDM. Future intervention studies are warranted to
confirm these findings.

Possible explanations of findings

Higher consumption of potatoes, in particular French
fries, could be an indicator of a low quality diet. We
therefore adjusted for quality of overall diet in our
analysis. The associations with risk of GDM were mod-
erately attenuated but remained significant after
adjustment for overall diet quality. We observed similar
results when we adjusted major food groups related to
diabetes (that is, red meat, vegetable and fruit, and
whole grain foods) and sugar sweetened beverages in
place of overall diet quality score (appendix table A).
These data suggest that the association between total
potato consumption and risk of GDM could be indepen-
dent of other dietary risk factors for GDM.

Our findings are biologically plausible, though the
detailed underlying mechanisms remain to be eluci-
dated. Potatoes are a food with a high glycaemic index
because of the large amount of starch that is absorbed
rapidly after ingestion.? High potato consumption can
result in a sharp postprandial rise in blood glucose con-
centrations and induce oxidative stress to pancreatic 3
cells and subsequently B cell dysfunction or 3 cell
exhaustion.?*-*! Beyond the high glycemic index, French
fries also contain altered fatty acid composition and an
increased amount of degradation products from the fry-
ing oil and dietary advanced glycation end products
that are generated during the frying process.*?“> These
changes in fried food have previously been implicated
in the development of insulin resistance and diabe-
tes.*4% In contrast, other vegetables, legumes, and
whole grain foods typically have a low glycemic index,
in addition to their richness in vitamins, minerals, fiber,
and bioactive phytochemicals; therefore, substitution
of potatoes with these foods could lower the risk of
GDM. The association between French fries and risk of
GDM was substantially attenuated after additional
adjustment for BMI, indicating that the association
might be largely explained by BMI. This is not surpris-
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Table 3 | Relative risks (95% confidence intervals) for gestational diabetes mellitus
according to consumption of baked, boiled, or mashed potatoes before pregnancy

Consumption (servings/week)

P for
<1 1 2-4 25 trend
GDM/ 202/5911  274/7338 329/7493 49/951 —
pregnancies
Model*:
1 1.00 1.18 (0.99 to 1.41) 1.39 (117 t0 1.64) 1.69 (1.241t02.28)  <0.001
2 1.00 117 (0.98t0 1.40)  1.36 (1.13 to 1.63) 1.63 (119t02.24)  <0.001
3 1.00 116 (0.97t01.39)  1.30 (1.08t0 1.57)  1.57 (1.14 to 2.15) 0.001
4 1.00 113(0.95t01.35)  1.25 (1.04 to 1.51) 1.52 (1.11 to 2.07) 0.004

*Model 1: age (months) and parity (0, 1, 2, 23); model 2: model 1+race/ethnicity (white, African-American,
Hispanic, Asian, others), family history of diabetes (yes, no), cigarette smoking (never, past, current), physical
activity (fourths), and total energy intake (fourths); model 3: model 2+alternate healthy eating index 2010
(fourths); model 4: model 3+pre-pregnancy BMI (nine categories; <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).

Table 4 | Relative risks (95% confidence intervals) for gestational diabetes mellitus
according to consumption of French fries before pregnancy

Consumption (servings/week)

None* <1 1 >2 P for trend

GDM/ 145/4439  383/10199 216/4884 110/2171 —
pregnancies
Modelt:

1 1.00 1.25 (1.03 to 1.51) 1.62(1.32t02.00) 1.84(1.45t02.35) <0.001

2 1.00 118 (0.98t0 1.43) 1.46 (118 10 1.80) 1.59 (1.24t02.04)  <0.001

3 1.00 1.07 (0.88t01.29) 1.25(1.00t0 1.55)  1.31 (1.00 to 1.70) 0.03

4 1.00 1.02 (0.841t01.24) 116 (0.94 t0 1.45) 118 (0.91 t0 1.53) 0.14

*Includes <1 serving/month.

tModel 1: age (months) and parity (0, 1, 2, >3); model 2: model 1+race/ethnicity (white, African-American,
Hispanic, Asian, others), family history of diabetes (yes, no), cigarette smoking (never, past, current), physical
activity (fourths), and total energy intake (fourths); model 3: model 2+alternate healthy eating index 2010
(fourths); model 4: model 3+pre-pregnancy BMI (nine categories; <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).

ing because frying with oil can increase the energy den-
sity of food,*¢ and studies have found an increased risk
of obesity associated with higher consumption of fried
food.#” 48 A previous study has shown a significant asso-
ciation between potato consumption and long term
weight gain in the general population.*® It is possible
that eating more potatoes is related to higher gesta-
tional weight gain and, subsequently, an increased risk
of GDM. Unfortunately, we did not have data on gesta-
tional weight gain to further explore the potential
mechanism.

Strengths and potential limitations

The strengths of this study include the prospective
design with a long follow-up that establishes the tem-
poral direction of the associations, the large number
of cases of GDM that ensures sufficient statistical
power, and the repeated and comprehensive assess-
ment of many dietary and lifestyle variables that
allows us to assess potential confounding and effect
modification. We acknowledge that there were also
several potential limitations. First, like other observa-
tional studies, measurement error in self reported
exposures (potato consumption) is possible. As the
pre-pregnancy dietary information was captured pro-
spectively, the random error within an individual
would most likely be non-differential, which could
have attenuated the observed associations toward

null. Furthermore, the use of cumulative averages of
dietary intakes for participants who filled in more than
one pre-pregnancy food frequency questionnaire
reduces random error within an individual.26 Second,
cases of GDM were self reported in this study. Our pre-
vious validation study indicated a high degree of accu-
racy of self reported GDM in this cohort compared with
medical record review."” The rate of GDM (5.5%) in this
study was in the upper range of the usual reported
rates (range 3-6%) in the US based on the NDDG
(National Diabetes Data Group) criteria during the
same period.>° %! This rate likely reflected the high rate
of screening in this cohort, which is composed of
health professionals. Third, we do not have data on
the severity of GDM in this cohort. Whether higher
habitual consumption of potatoes is associated with
increasing severity of GDM warrants future investiga-
tion. Fourth, our study population consisted mostly of
white American women. Thus, the generalizability of
the observed associations might be limited to similar
populations. The relative homogeneity of the study
population, however, reduces potential confounding
due to unmeasured socioeconomic variability. Fifth,
although we adjusted for many potential confounders,
we are unable to fully rule out the possibility of resid-
ual confounding by unmeasured factors. Finally,
because of the observational nature of our study, we
cannot establish a causal relation between potato con-
sumption and risk of GDM. A carefully conducted
observational study, however, could provide a reason-
able approach to evaluate the association. In addition,
we controlled for major risk factors of GDM to mini-
mize confounding.

Conclusion

In summary, in this large prospective cohort study,
pre-pregnancy potato consumption was significantly
and positively associated with the risk of incident GDM.
Substitution of potatoes with other vegetables, legumes,
or whole grain foods was associated with a lower risk of
GDM. These findings should be confirmed in interven-
tion studies and randomized controlled trials.
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