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Potato Consumption and Risk of
Type 2 Diabetes: Results From
Three Prospective Cohort Studies

Diabetes Care 2016,;39:376-384 | DOI: 10.2337/dc15-0547

OBJECTIVE

We aimed to elucidate whether potato consumption is associated with a higher
risk of type 2 diabetes (T2D).

RESEARCH DESIGN AND METHODS

We analyzed data in three cohorts consisting of U.S. male and female health
professionals without diabetes, cardiovascular disease, and cancer at baseline:
70,773 women from the Nurses’ Health Study (1984-2010), 87,739 women from
Nurses’ Health Study Il (1991-2011), and 40,669 men from the Health Profes-
sionals Follow-up Study (1986—-2010). Potato consumption was assessed quadren-
nially using validated food frequency questionnaires (FFQs), and we calculated
4-year change in potato consumption from consecutive FFQs. Self-reported T2D
diagnosis was confirmed using a validated supplementary questionnaire.

RESULTS

During 3,988,007 person-years of follow-up, 15,362 new cases of T2D were iden-
tified. Higher consumption of total potatoes (including baked, boiled, or mashed
potatoes and french fries) was significantly associated with an elevated risk for
T2D: the pooled hazard ratio (HR) of T2D compared with <1 serving/week was 1.07
(95% C1 0.97-1.18) for 2—4 servings/week and 1.33 (95% Cl 1.17-1.52) for 27 servings/
week after adjustment for demographic, lifestyle, and dietary factors. In addition, the
pooled HRs of T2D for every 3 servings/week were 1.04 (95% Cl 1.01-1.08) for baked,
boiled, or mashed potatoes, and 1.19 (95% Cl 1.13-1.25) for french fries. We further
estimated that the HR of T2D was 0.88 (95% Cl 0.84-0.91) for replacing 3 servings/
week of total potatoes with the same amount of whole grains. Last, in comparison
with stable potato consumption, every 3-servings/week increment of potato con-
sumption in 4 years was associated with a 4% (95% Cl 0-8%) higher T2D risk.

CONCLUSIONS

Greater consumption of potatoes, especially french fries, was associated with a
higher T2D risk, independent of BMI and other risk factors. Replacement of po-
tatoes with whole grains was associated with a lower T2D risk.

Potatoes are widely consumed in the U.S. and European countries as a staple food
(1). Potatoes primarily contain starches and generally have a high glycemic index
(Gl) and glycemic load (GL) (2,3). Because a higher Gl and GL of an overall diet is
associated with a higher risk of type 2 diabetes (T2D) (4,5), greater potato consump-
tion has the potential to increase risk for T2D. However, a controversy has been
raised in the U.S. and U.K. regarding whether potatoes should be regarded as
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vegetables in dietary recommendations
(6—8). Currently, in the U.S. national
food guide, called “MyPlate,” potatoes
are considered a vegetable (9), whereas
potatoes are grouped with cereals in the
U.K. national food guide, the “eatwell
plate” (10). The U.S. Institute of Medicine
recently recommended that white pota-
toes be allowed as an eligible vegetable of
the Special Supplemental Nutrition Pro-
gram for Women, Infants, and Children
(11). Such inconsistencies may originate
from different considerations, including
the historical nature of potatoes and pol-
icies of trade, agriculture, and food, as
well as the limited and mixed evidence
of the association of potato consumption
with health outcomes such as T2D (12-17).

In this analysis, therefore, we aimed to
examine whether greater potato con-
sumption was associated with an in-
creased risk of T2D using data from the
Nurses’ Health Study (NHS), NHSII, and
the Health Professionals Follow-up Study
(HPFS). In addition, we examined whether
consumption of individual potato foods
may be differentially associated with
T2D risk. Moreover, to strengthen causal
inference, we further examined whether
increased potato consumption over time
was associated with subsequent incidence
of T2D. The change analysis was intended
to mimic intervention studies in which di-
etary changes or food substitutions might
affect subsequent disease risk.

RESEARCH DESIGN AND METHODS

Study Population

The NHS enrolled 121,701 female nurses
in 1976 (18); the NHSII was launched in
1989, enrolling 116,430 female nurses
(19); and the HPFS was established in
1986 with the enrollment of 51,529
male health professionals (20). Every 2
years since baseline, follow-up question-
naires have been mailed to the partici-
pants to collect and update information
on lifestyle practices and the occurrence
of chronic diseases. The study protocol
was approved by the institutional review
boards of the Brigham and Women'’s Hos-
pital and the Harvard School of Public
Health, Boston, MA. The completion of
the self-administered questionnaire was
considered to imply informed consent.

Exclusion Criteria

We excluded participants who reported
having diabetes, cardiovascular disease,
or cancer at baseline (n = 9,806 in 1984

for NHS, 6,234 in 1991 for NHSII, and
7,182 in 1986 for HPFS). We also ex-
cluded those who had missing data for
individual potato foods or an unusual
level of total energy intake (<500 or
>3,500 kcal/day for NHS and NHSII,
and <800 or >4,200 kcal/day for HPFS;
n = 750 for NHS, 3,047 for NHSII, and
1,162 for HPFS); those whose diagnosis
date of T2D was undetermined (n = 259
for HPFS); and those who did not re-
spond to any follow-up questionnaire
after baseline survey (n = 385 for NHS,
578 for NHSII, and 658 for HPFS). After
excluding these participants, 70,773
women in NHS, 87,739 women in NHSII,
and 40,669 men in HPFS were available
for the analysis.

Assessment of Potato Consumption

A semiquantitative food frequency
guestionnaire (FFQ) was used to assess
and update participants’ habitual diet in
the past year; this was sent to partici-
pants in 1984, 1986, and every 4 years
thereafter in NHS, and quadrennially
since 1991 in NHSII and since 1986 for
HPFS. In all FFQs we asked the partici-
pants how often, on average, they con-
sumed each food with a standard portion
size (1 medium or 1 cup for baked, boiled,
or mashed potatoes; 4 oz or 1 serving for
french fries). Participants could choose
from nine possible responses, ranging
from “never, or less than once per month”
to “6 or more times per day.” Total potato
consumption was calculated by summing
the frequency of eating baked, boiled, or
mashed potatoes and french fries. We in-
cluded baked, boiled, or mashed potatoes
as a single food item; although their gly-
cemic properties were quite similar, they
had a large variance that resulted from
differences in preparation methods and
the temperature of the food when
served: Gl was 86 *= 6 for baked pota-
toes, 82 £ 7 for boiled potatoes, and
87 = 3 for instant mashed potatoes
(3). Consumption of chips was not in-
cluded in total potato consumption be-
cause we combined potato and corn chips
in a question. These semiquantitative
FFQs were previously validated against
diet records (21,22) (Supplementary
Methods). In addition, primarily based
on the U.S. Department of Agriculture
Nutrition Database (2), we also estimated
individuals’ intake of nutrients, including
total starch (i.e., amylopectin and amy-
lose) (23,24).

Muraki and Associates

Assessment of Diabetes

In all three cohorts T2D incidence was
queried in the biennial follow-up ques-
tionnaires, and a supplementary
questionnaire was used to confirm
the self-reported diagnosis and actual di-
agnosis date. A T2D diagnosis was con-
firmed if participants met the National
Diabetes Data Group criteria (25,26) (de-
tailed in the Supplementary Methods).
In prior validation studies, among 62
self-reported cases of T2D confirmed by
the supplementary questionnaire, 61
cases (98%) in the NHS and 57 of 59 cases
(97%) in the HPFS were reconfirmed after
an endocrinologist reviewed the medical
records (27,28).

Statistical Analysis
Evaluation of Potato Consumption in
Relation to T2D Risk
We calculated the person-years from
the return date of the baseline FFQ to
the date of T2D diagnosis, date of death,
return date of the most recent valid
follow-up questionnaire, or the end of
follow-up (2010 for NHS and HPFS, 2011
for NHSII), whichever came first. To rep-
resent long-term diet and minimize
within-person variation, we calculated
and used the cumulative average of di-
etary intake based on valid FFQ assess-
ments through the follow-up (29). In a
sensitivity analysis we also examined
the primary hypothesis using simply
updated consumption levels instead of
cumulative average. We used the follow-
ing potato consumption categories: for
total potato foods, less than one, one, two
to four, five to six, and seven or more
servings/week; for individual potato foods,
almost never, one to three servings/
month, and one, two to four, and five or
more servings/week. Of note, the lowest
two consumption categories of baked,
boiled, or mashed potatoes were com-
bined into a reference group to maintain
an adequate sample size. To minimize
missing covariates, we carried forward
the last valid value to replace missing val-
ues of physical activity (9.4% for NHS,
9.3% for NHSII, and 15.1% for HPFS). For
missing values of covariates, including
BMI, physical activity, smoking status,
oral contraceptive use, menopausal sta-
tus, and postmenopausal hormone use,
we created a dummy variable when mak-
ing categories for each covariate.

All analyses were conducted sepa-
rately in each cohort first, and then we
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pooled the results from three cohorts.
The hazard ratios (HR) and 95% Cls of
T2D were estimated for consumption
levels of total and individual potato
foods using time-dependent Cox regres-
sion. The regression analysis was strati-
fied jointly by age and calendar year and
was adjusted for BMI at baseline, ethnic-
ity, family history of diabetes, and
updated values of physical activity,
cigarette smoking, alcohol intake, multi-
vitamin use, menopausal status and
postmenopausal hormone use (women
only), oral contraceptive use (NHSII
only), total energy intake, and the mod-
ified alternate Healthy Eating Index
(aHEI) score (30) (assessment of covari-
ates is detailed in the Supplementary
Methods). We mutually adjusted for
individual potato foods when examin-
ing their associations with T2D risk. To
evaluate the impact of potential con-
founding or intermediate factors, we
conducted two sensitivity analyses:
1) further adjusting for the GL values
of overall diet, excluding potatoes, and
2) adjusting for updated BMI instead of
baseline BMI.

Moreover, we examined associa-
tions using energy-adjusted residuals
of potato intake as exposure or using
simply updated intake levels instead of
cumulative average of intake levels to
evaluate the robustness of the results
of the main analyses. Furthermore, to
examine the influence of adjustment
for major dietary variables, we con-
ducted primary analyses by including
intakes of individual food groups, in-
cluding red meat, fish, whole grains,
sugar-sweetened beverages, coffee,
fruits, fruit juices, vegetables, and
nuts (all fifths), instead of the modified
aHEl score. Finally, to assess the poten-
tial impact of reverse causation result-
ing from health issues such as a
prediabetic condition, we excluded in-
cident T2D cases in the first 2 years of
follow-up.

The proportional hazards assump-
tion was tested by including interac-
tion terms between consumption of
total and individual potato foods and
follow-up duration, and the assump-
tion was not violated (P > 0.05 for all
tests). Linear trend was examined by
modeling the median values of potato
consumption categories as a continu-
ous variable. According to the assump-
tion that the biological effects of

potato intake were similar among
study populations with different demo-
graphics, we pooled the multivariable-
adjusted HRs from three cohorts using
a fixed-effects model and examined the
heterogeneity of associations among
the cohorts using the Cochrane Q sta-
tisticand the /* statistic. We examined
interactions with BMI, smoking sta-
tus, physical activity, and the modi-
fied aHEI score in relation to T2D risk
by examining product terms between a
dichotomous variable and potato
intake in the full model using the
Wald test.

We further estimated potential ef-
fects of substituting consumption of
whole grains for consumption of total
and individual potato foods (31). To es-
timate substitution effects of healthy
foods for potato in a realistic setting,
we used a serving-based replacement
instead of an energy-based replace-
ment. By including continuous variables
of whole-grain intake and total or indi-
vidual potato food intake in the same
model, point estimates and variances
for each exposure and the covariance
between them were obtained. Point es-
timate for the replacement of total or
individual potato foods with whole
grains was calculated as the differences
in point estimates of whole grains and
potatoes, and SE was calculated as
the square root of the sum of their var-
iances — (2 X covariance).

Evaluation of Changes in Potato

Consumption With Subsequent Risk of T2D
We calculated changes in the consump-
tion of total and individual potato foods
in every 4-year interval and evaluated
associations with subsequent T2D risk.
In this analysis we further excluded par-
ticipants with missing changes in potato
consumption. A total of 48,183 women
from NHS, 73,328 women from NHSII,
and 29,090 men from HPFS were in-
cluded in the analysis. Based on the con-
siderations of statistical power, we used
the following categories: decreased
=4 servings/week, decreased 1.0-3.9
servings/week, no change (0.9 serving/
week), increased 1.0-3.9 servings/week,
and increased =4 servings/week
for total potato foods; decreased =1
serving/week, decreased 0.5-0.9 serving/
week, no change (*£0.5 serving/week),
increased 0.5-0.9 serving/week, and
increased =1 serving/week for individual
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potato foods. Similar to the main analy-
sis, we stratified jointly by age and cal-
endar year, and adjusted for ethnicity,
family history of diabetes, initial BMI,
baseline values of multivitamin use,
menopausal status and postmeno-
pausal hormone use (women only),
oral contraceptive use (NHSII only),
and both initial and change values of
physical activity, cigarette smoking,
total energy intake, and the modified
aHEl score (30).

To examine whether the association
between potato intake and T2D risk is
mediated by the GL of the overall diet
or total carbohydrate intake, we further
adjusted for initial and change variables
of GL of the overall diet or total carbo-
hydrate intake in sensitivity analyses.

Statistical analyses were performed
with SAS version 9.3 (SAS Institute,
Inc.). All P values were two-sided, and
statistical significance was defined as
P < 0.05.

RESULTS

Risk Profiles at Baseline in Three
Cohorts

During 3,988,007 person-years of follow-
up, 15,362 T2D cases were identified
(NHS: 7,436 cases/1,584,572 person-
years; NHSII: 4,621 cases/1,610,311
person-years; HPFS: 3,305 cases/793,124
person-years). Average consumption of
baked, boiled, or mashed potatoes was
much larger than that of french fries in
each category of total potato consump-
tion (Supplementary Table 1). Total po-
tato consumption showed a left-skewed
distribution (Table 1) and was correlated
with total energy intake; consumption of
red meat, sugar-sweetened beverages,
and trans fat; and prevalence of current
smoking. It was inversely correlated with
age, physical activity, modified aHEI
score, and the likelihood of multivitamin
use.

Association Between Habitual Potato
Consumption and Risk of T2D

Total potato consumption was signifi-
cantly associated with increased risk
for T2D in age-adjusted analysis (Table
2). Adjusting for demographic, lifestyle,
and modified aHEI score, as well as base-
line BMI, largely weakened these asso-
ciations, but the statistical significance
remained. These associations were con-
sistent among all three cohorts (for lin-
ear trend: P for heterogeneity = 0.32;
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Table 1—Baseline characteristics of participants according to total potato consumption in the NHS, NHSII, and HPFS
Total potato consumption, servings/week

<1 1 2-4 5-6 =7
NHS (1984)
Participants, n 8,498 12,840 22,871 23,508 3,056
Age, years 51.8 (6.8) 50.8 (7.0) 50.1(7.2) 48.9 (7.1) 51.2 (7.2)
BMI, kg/m? 24.5 (4.3) 24.9 (4.5) 24.8 (4.5) 25.0 (4.8) 24.9 (4.7)
Physical activity, MET-hours/week 17.1 (24.2) 15.9 (23.8) 14.0 (19.6) 12.5(18.1) 13.2 (27.0)
Alcohol intake, g/day 7.0 (11.2) 7.0 (11.3) 7.1(11.2) 6.9 (11.3) 6.5 (11.8)
Current smoker, % 22.0 22.8 23.7 25.7 26.1
Caucasian, % 95.2 96.7 98.1 98.8 99.3
Family history of diabetes, % 25.8 25.1 25.4 25.6 25.1
Multivitamin use, % 429 39.7 37.7 33.5 28.9
Ever menopausal hormone use, % 26.1 23.6 22.0 18.6 21.9
History of hypertension, % 20.5 21.6 19.5 19.2 20.7
History of hypercholesterolemia, % 8.3 8.1 7.6 6.6 8.9
Total energy intake, kcal/day 1,393 (457) 1,525 (457) 1,719 (477) 1,966 (505) 2,165 (544)
Total starch intake, g/day 50.5 (20.0) 55.0 (16.5) 59.0 (14.9) 62.1(13.7) 66.2 (14.1)
GL 94.3 (24.1) 96.9 (20.8) 99.3 (18.9) 101.1 (17.1) 107.7 (19.2)
Red meat intake, servings/day 0.77 (0.59) 0.92 (0.59) 1.11 (0.62) 1.41 (0.68) 1.52 (0.86)
Fish intake, servings/day 0.29 (0.28) 0.28 (0.26) 0.27 (0.23) 0.25 (0.21) 0.25 (0.22)
Whole-grain intake, servings/day 0.4 (0.4) 0.4 (0.4) 0.4 (0.3) 0.3(0.3) 0.3(0.3)
Total fruit intake, servings/day 1.44 (1.13) 1.38 (1.04) 1.35 (0.99) 1.27 (0.92) 1.29 (1.02)
Total vegetable intake, servings/day 2.96 (1.76) 2.97 (1.64) 3.06 (1.56) 3.10 (1.52) 3.24 (1.66)
Coffee intake, servings/day 2.42 (1.85) 2.40 (1.83) 2.42 (1.83) 2.46 (1.86) 2.45 (1.89)
Sugar-sweetened beverage intake, servings/day 0.16 (0.46) 0.22 (0.51) 0.28 (0.54) 0.40 (0.65) 0.46 (0.78)
Polyunsaturated fat—to—saturated fat ratio 0.74 (0.35) 0.72 (0.33) 0.70 (0.30) 0.68 (0.27) 0.67 (0.30)
Trans fat intake, g/day 1.64 (0.63) 1.78 (0.60) 1.90 (0.59) 2.07 (0.56) 2.00 (0.61)
Modified aHEI score 41.9 (10.1) 39.5 (9.6) 36.6 (9.3) 32.3(8.8) 31.3 (9.8)
NHSII (1991)
Participants, n 8,366 16,046 31,193 29,965 2,169
Age, years 36.6 (4.6) 36.3 (4.7) 36.0 (4.7) 36.0 (4.7) 35.7 (4.8)
BMI, kg/m? 23.7 (4.6) 24.1 (4.9) 24.4 (5.1) 25.0 (5.6) 25.6 (6.5)
Physical activity, MET-hours/week 25.5 (32.7) 22.6 (28.7) 20.7 (27.3) 19.0 (24.7) 21.2 (29.8)
Alcohol intake, g/day 3.1(6.1) 3.2 (6.0) 3.2 (6.2) 3.1(6.0) 3.0 (6.8)
Current smoker, % 10.7 10.8 12.1 13.2 15.2
Caucasian, % 91.6 93.9 96.0 97.4 97.6
Family history of diabetes, % 16.3 16.1 15.5 16.2 17.2
Multivitamin use, % 47.8 46.1 43.8 41.5 40.0
Ever use menopausal hormones, % 3.1 2.9 3.0 3.2 4.1
Current oral contraceptive use, % 10.7 10.7 11.1 10.7 11.3
History of hypertension, % 5.7 5.6 5.7 6.5 7.0
History of hypercholesterolemia, % 13.7 13.6 141 14.7 16.0
Total energy intake, kcal/day 1,442 (472) 1,560 (479) 1,734 (490) 2,019 (524) 2,367 (565)
Total starch intake, g/day 77.0 (25.6) 77.3 (21.8) 78.0 (19.1) 81.2 (17.5) 85.1(18.1)
GL 123.4 (26.4) 121.7 (23.1) 120.6 (21.0) 121.6 (19.5) 125.2 (21.8)
Red meat intake, servings/day 0.42 (0.41) 0.56 (0.43) 0.75 (0.47) 1.00 (0.57) 1.24 (0.81)
Fish intake, servings/day 0.27 (0.30) 0.26 (0.25) 0.26 (0.24) 0.27 (0.24) 0.30 (0.33)
Whole-grain intake, servings/day 0.7 (0.5) 0.6 (0.4) 0.5 (0.4) 0.4 (0.3) 0.4 (0.4)
Total fruit intake, servings/day 1.23 (1.04) 1.19 (0.97) 1.17 (0.92) 1.18 (0.92) 1.12 (0.96)
Total vegetable intake, servings/day 3.14 (2.42) 3.02 (2.12) 3.09 (2.03) 3.29 (2.03) 3.41 (2.28)
Coffee intake, servings/day 0.36 (0.82) 0.33 (0.78) 0.32 (0.77) 0.30 (0.75) 0.29 (0.79)
Sugar-sweetened beverage intake, servings/day 0.28 (0.66) 0.34 (0.70) 0.45 (0.82) 0.60 (0.94) 0.73 (1.11)
Polyunsaturated fat-to—saturated fat ratio 0.56 (0.20) 0.53 (0.17) 0.52 (0.15) 0.51 (0.14) 0.52 (0.17)
Trans fat intake, g/day 1.30 (0.55) 1.46 (0.56) 1.64 (0.58) 1.80 (0.60) 1.92 (0.77)
Modified aHEI score 43.4 (10.1) 40.7 (9.8) 37.6 (9.5) 34.0 (9.3) 32.3(10.4)
HPFS (1986)
Participants, n 3,722 6,819 13,192 15,179 1,757
Age, years 54.8 (9.4) 53.5 (9.4) 52.8 (9.5) 52.1(9.4) 53.6 (9.7)
BMI, kg/m? 24.8 (5.0) 24.8 (5.0) 24.9 (4.7) 25.0 (4.8) 24.8 (5.1)
Physical activity, MET-hours/week 22.9 (34.0) 22.3 (30.4) 22.0 (30.2) 20.1 (27.7) 22.2 (32.0)
Alcohol intake, g/day 10.8 (15.1) 11.0 (15.4) 11.2 (14.9) 12.0 (15.7) 11.4 (16.3)
Current smoker, % 8.2 9.5 8.6 10.5 10.9
Caucasian, % 89.1 93.1 95.5 96.9 96.9
Family history of diabetes, % 18.7 18.9 18.4 19.1 19.4

Continued on p. 380
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Table 1—Continued
Total potato consumption, servings/week

<1 1 2-4 5-6 =7
Multivitamin use, % 48.2 43.2 42.6 39.1 36.7
History of hypertension, % 21.2 20.6 18.9 18.0 20.1
History of hypercholesterolemia, % 10.6 10.8 10.8 9.3 10.4
Total energy intake, kcal/day 1,614 (514) 1,720 (532) 1,907 (545) 2,229 (601) 2,597 (658)
Total starch intake, g/day 59.4 (26.5) 63.2 (22.0) 67.3 (19.9) 70.8 (17.9) 76.8 (19.2)
GL 120.5 (31.6) 122.6 (27.8) 124.3 (25.6) 125.0 (23.0) 132.9 (26.3)
Red meat intake, servings/day 0.76 (0.70) 0.87 (0.67) 1.03 (0.72) 1.42 (0.82) 1.68 (1.10)
Fish intake, servings/day 0.34 (0.33) 0.32 (0.29) 0.33 (0.28) 0.32 (0.28) 0.34 (0.33)
Whole-grain intake, servings/day 0.6 (0.6) 0.6 (0.5) 0.6 (0.5) 0.5 (0.4) 0.5 (0.5)
Total fruit intake, servings/day 1.56 (1.55) 1.50 (1.27) 1.50 (1.25) 1.43 (1.14) 1.44 (1.22)
Total vegetable intake, servings/day 2.80 (1.68) 2.83 (1.67) 3.02 (1.67) 3.13 (1.61) 3.38 (1.82)
Coffee intake, servings/day 1.81 (1.75) 1.84 (1.74) 1.90 (1.77) 2.02 (1.83) 2.04 (1.92)
Sugar-sweetened beverage intake, servings/day 0.18 (0.44) 0.20 (0.43) 0.25 (0.47) 0.36 (0.58) 0.45 (0.76)
Polyunsaturated fat-to—saturated fat ratio 0.62 (0.27) 0.59 (0.22) 0.58 (0.21) 0.54 (0.17) 0.55 (0.21)
Trans fat intake, g/day 2.41 (1.18) 2.62 (1.14) 2.75 (1.09) 3.11 (1.07) 3.10 (1.27)
Modified aHEI score 43.1 (10.4) 42.3 (10.2) 41.0 (10.3) 37.5(10.1) 36.6 (11.1)

Data are mean (SD) unless otherwise indicated. MET, metabolic equivalent.

? = 2.3%). Comparing seven or more
servings/week with less than one serving/
week of total potato consumption, the
pooled, multivariable-adjusted HR of
T2D was 1.33 (95% ClI 1.17-1.52). In ad-
dition, each additional three servings/

week of total potato consumption was
associated with a multivariable-adjusted
HR of T2D of 1.13 (1.09-1.17). For individ-
ual potato foods, greater consumption
of baked, boiled, or mashed potatoes,
and french fries, was associated with an

Table 2—HRs (95% CI) of T2D according to total potato consumption

Total potato consumption, servings/week

increased risk of T2D after multivariable
adjustment (Table 3). The pooled HRs of
T2D for five or more servings/week were
1.08 (1.00-1.16) for baked, boiled, or
mashed potatoes compared with less than
one serving/week, and 1.32 (1.13-1.55)

Every 3 P value
<1 1 2-4 5-6 =7 servings/week  for trend
NHS
Cases/person-years 222/76,255  678/188,652 3,625/765,323  2,742/520,932 169/33,410
Model 1* 1.00 1.14 (0.98-1.32) 1.33(1.16-1.53) 1.56(1.36-1.79) 1.73(1.42-2.11) 1.23(1.18-1.28) <0.0001
Model 2t 1.00 1.18 (1.01-1.37) 1.34 (1.17-1.54) 1.49(1.29-1.72) 1.56(1.27-1.92) 1.16(1.11-1.21) <0.0001
Model 3% 1.00 1.16 (0.99-1.35) 1.25(1.09-1.44) 1.31(1.14-1.51) 1.34 (1.09-1.64) 1.08 (1.04-1.13) 0.0003
Model 4§ 1.00 1.08 (0.93-1.26) 1.15 (1.00-1.32) 1.22 (1.05-1.40) 1.27 (1.04-1.56) 1.08 (1.04-1.13)  0.0003
NHSII
Cases/person-years 124/78,479 400/215,170 2,156/788,609 1,782/498,008 159/30,045
Model 1* 1.00 1.05 (0.86-1.29) 1.34 (1.12-1.60) 1.96 (1.64-2.36) 3.35 (2.64-4.23) 1.57 (1.49-1.65) <0.0001
Model 2+ 1.00 1.04 (0.85-1.28) 1.27 (1.05-1.52) 1.70(1.41-2.05) 2.49 (1.95-3.17) 1.41(1.34-1.49) <0.0001
Model 3% 1.00 1.02 (0.83-1.24) 1.15(0.96-1.39) 1.44 (1.19-1.74) 2.04 (1.60-2.61) 1.30 (1.23-1.37) <0.0001
Model 4§ 1.00 0.95 (0.78-1.16) 0.99 (0.82-1.19) 1.09 (0.90-1.31) 1.38 (1.08-1.76) 1.12 (1.05-1.18) 0.0002
HPFS
Cases/person-years 120/34,791 311/89,791 1,466/350,216 1,266/291,602 142/26,723
Model 1* 1.00 0.95 (0.77-1.18) 1.04 (0.86-1.25) 1.13 (0.93-1.36) 1.44 (1.13-1.84) 1.12(1.06-1.19) <0.0001
Model 2+ 1.00 1.00 (0.81-1.24) 1.10 (0.91-1.33) 1.18 (0.97-1.44) 1.47 (1.14-1.89) 1.12 (1.05-1.19)  0.0003
Model 3% 1.00 0.99 (0.80-1.23) 1.06 (0.88-1.29) 1.10(0.90-1.34) 1.33(1.03-1.72) 1.07 (1.01-1.14) 0.03
Model 4§ 1.00 0.94 (0.76-1.17) 1.03 (0.85-1.24) 1.09 (0.89-1.32) 1.38(1.07-1.78) 1.10(1.03-1.17)  0.004
Pooledq|
Model 3% 1.00 1.08 (0.97-1.20) 1.17 (1.07-1.29) 1.29 (1.17-1.42) 1.52(1.33-1.73) 1.17 (1.13-1.22) <0.0001
Model 4§ 1.00 1.01 (0.91-1.12) 1.07 (0.97-1.18) 1.15(1.04-1.26) 1.33 (1.17-1.52) 1.13 (1.09-1.17) <0.0001

*Model 1 was adjusted for age (years). TModel 2 was adjusted for age; ethnicity (Caucasian, African American, Hispanic, or Asian); smoking

status (never, past, current [1-14, 15-24, or =25 cigarettes/day], or missing); alcohol intake [0, 0.1-4.9, 5.0-14.9, or =15.0 g/day for women and
0, 0.1-4.9, 5.0-29.9, or =30.0 g/day for men); multivitamin use (yes or no); physical activity (<3, 3.0-8.9, 9.0-17.9, 18.0-26.9, =27.0 metabolic
equivalents of task-hours/week, or missing); a family history of diabetes (yes or no); menopausal status and postmenopausal hormone use
(premenopause, postmenopause [never, past, or current hormone use], or missing, for women); oral contraceptive use (never, past, current, or
missing, for NHS II); and total energy intake (kcal/day). ¥Model 3 was adjusted for variables in model 2 plus modified aHEI score (fifths). §Model 4 was
adjusted for variables in model 3 plus baseline BMI (<23, 23.0-24.9, 25.0-26.9, 27.0-28.9, 29.0-30.9, 31.0-32.9, 33.0-34.9, 35.0-36.9, 37.0-38.9,
39.0-40.9, 41.0-42.9, 43.0-44.9, and =45.0 kg/mz, or missing). YIResults from all cohorts were pooled using a fixed-effects meta-analysis.
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Table 3—Pooled, adjusted HRs (95% CI) of T2D for consumption of different potato foods*

Consumption

1-3 servings/ 1 serving/ 2-4 servings/ =5 servings/ Every 3 P values
Almost never month week week week servings/week  for trend
Baked, boiled, or
mashed potatoes
Cases/person-years 1,108/416,491 2,928/958,417  8,568/2,050,019  2,758/563,081
Multivariable-
adjusted HRT 1.00 1.04 (0.97-1.11) 1.06 (1.00-1.14) 1.09 (1.01-1.18) 1.05(1.01-1.08)  0.01
Further adjustment
for baseline BMI 1.00 1.02 (0.95-1.09) 1.03 (0.96-1.10) 1.08 (1.00-1.16) 1.04 (1.01-1.08) 0.01
French fries
Cases/person-years  2,270/831,523 6,493/1,704,668 4,082/987,853  2,315/432,871 202/31,091
Multivariable-
adjusted HRt 1.00 1.21(1.15-1.27) 1.33(1.25-1.41) 1.54 (1.44-1.65) 1.84 (1.57-2.15) 1.41 (1.34-1.48) <0.0001
Further adjustment
for baseline BMI 1.00 1.11 (1.06-1.17) 1.17 (1.11-1.24) 1.26 (1.18-1.35) 1.32 (1.13-1.55) 1.19 (1.13-1.25) <0.0001

*HRs from all cohorts were pooled using a fixed-effects meta-analysis. THRs were adjusted for age (years); ethnicity (Caucasian, African American,
Hispanic, or Asian); smoking status (never, past, current [1-14, 15-24, or =25 cigarettes/day], or missing); alcohol intake (0, 0.1-4.9, 5.0-14.9, or
=15.0 g/day for women, and 0, 0.1-4.9, 5.0-29.9, or =30.0 g/day for men); multivitamin use (yes or no); physical activity (<3, 3.0-8.9, 9.0-17.9,
18.0-26.9, =27.0 metabolic equivalents of task-hours/week, or missing); a family history of diabetes (yes or no); menopausal status and

postmenopausal hormone use (premenopause, postmenopause [never, past, or current hormone use], or missing, for women); oral contraceptive
use (never, past, current, or missing, for NHS I1); total energy intake (kcal/day); modified aHEI score (fifths), baked, boiled or mashed potatoes (for
french fries), and french fries (for baked, boiled, or mashed potatoes).

for french fries compared with less than
one serving/month. For every three
servings/week, the pooled HRs of T2D
were 1.04 (1.01-1.08) for baked, boiled,
or mashed potatoes and 1.19 (1.13-
1.25) for french fries. By contrast, multi-
variable adjustment of covariates, espe-
cially baseline BMI, largely attenuated the
association for consumption of potato/
corn chips to null: comparing five or
more servings/week with less than one
serving/month, the HR was 0.90 (0.82—
0.99) for the full model including demo-
graphic, lifestyle, and the modified aHEI
score, and 0.93 (0.85-1.02) for the model
that was further adjusted for baseline BMI.

There was a significant interaction
between total potato consumption
with BMI (P < 0.001) and physical ac-
tivity (P = 0.01) in relation to T2D risk
(Supplementary Table 2). The positive
associations between total potato con-
sumption and T2D risk were somewhat
stronger among individuals with low
BMI than those with high BMI, and
among those who had high physical ac-
tivity than those engaging in little phys-
ical activity. No significant interaction
was observed for aHEI score (P = 0.09)
or smoking status (P = 0.69).

Sensitivity Analyses

To evaluate the potential mediational fac-
tors for the association between total po-
tato consumption and T2D risk, as well as
the robustness of the association, we

conducted four additional analyses
(Supplementary Table 3). To examine
whether the association was confounded
by the quality and quantity of carbohy-
drates, we adjusted for the GL values
from all foods except potatoes; such an
adjustment did not substantially change
the positive association. To assess the im-
pact of BMI change on the association
between total potato consumption and
T2D risk, we adjusted for time-varying
BMI instead of baseline BMI and found
similar associations. When we used en-
ergy-adjusted residuals of potato intake,
we observed largely similar associations.
When we used simply updated consump-
tion levels instead of the cumulative av-
erage of consumption, the positive
associations were largely unchanged. Fur-
thermore, when we adjusted for individ-
ual dietary factors instead of the aHEI
score, the associations were modestly at-
tenuated, but the statistical significance
persisted. Last, when we excluded T2D
cases identified during the first 2 years
of follow-up, the positive association did
not drastically change.

Potential Impact of Substituting
Whole Grains for Total or Individual
Potato Foods

We estimated the potential benefits of
substituting whole grains for total or in-
dividual potato foods as the main source
of carbohydrates (Fig. 1). The pooled HR
of T2D was 0.88 (95% Cl 0.84—0.91) for

replacing three servings/week of total
potato foods with three servings/week
of whole grains. The corresponding HRs
were 0.95 (0.92-0.98) for baked, boiled,
or mashed potatoes and 0.83 (0.79-
0.87) for french fries.

Association of 4-Year Change in
Potato Consumption With
Subsequent Risk for T2D

In addition to the association between
habitual potato consumption and T2D
risk, we further examined the associa-
tions between 4-year changes in the
consumption of total or individual po-
tato foods and subsequent T2D risk
(Table 4). Compared with stable intake
over time, increased consumption of to-
tal potatoes, especially french fries, was
associated with a higher T2D risk after
multivariate adjustment for baseline
and changes in demographic, lifestyle,
and dietary factors. The pooled, multi-
variable-adjusted HR of T2D was 1.04
(95% Cl 1.00-1.08; P value for heteroge-
neity = 0.61; /> = 1.0%) for every three
servings/week increase of total potato
foods over a 4-year period. The corre-
sponding HRs were 1.03 (1.00-1.07)
for baked, boiled, or mashed potatoes
and 1.10 (1.05-1.15) for french fries. Al-
though baseline consumption of chips
was not associated with T2D risk, in-
creased consumption of chips during
the follow-up period was associated
with a higher risk: the HR was 1.04
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(1.00-1.09) for every one serving/week
increased intake of potato/corn chips
over a 4-year period. In sensitivity anal-
yses, after adjusting for the initial and
changed GL values of the overall diet
or total carbohydrate intake, the posi-
tive association remained statistically
significant (Supplementary Table 4).

CONCLUSIONS

In these three cohorts of U.S. men and
women, higher consumption of total
and individual potato foods was posi-
tively associated with T2D risk. More-
over, increased consumption of total
potato foods, especially french fries
over a 4-year period, was associated
with a subsequently increased risk of de-
veloping T2D. These associations were
independent of demographic, anthro-
pometric, lifestyle, and dietary factors
related to T2D, were robust in various sen-
sitivity analyses, and largely persisted
within populations with various baseline
risk profiles of diabetes. Furthermore,

Figure 1—The impact of replacing potato foods with whole grains on risk of type 2 diabetes. All
HRs were adjusted for age (years), ethnicity (Caucasian, African American, Hispanic, or Asian);
baseline BMI (<23, 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-
36.9, 37.0-38.9, 39.0-40.9, 41.0-42.9, 43.0-44.9, or =45.0 kg/mz, or missing); smoking status
(never, past, current [1-14, 15-24, or =25 cigarettes/day], or missing); alcohol intake (0, 0.1-
4.9, 5.0-14.9, or =15.0 g/day for women and 0, 0.1-4.9, 5.0-29.9, or =30.0 g/day for men);
multivitamin use (yes or no); physical activity (<3, 3.0-8.9, 9.0-17.9, 18.0-26.9, or =27.0
metabolic equivalent of task-hours/week, or missing); a family history of diabetes (yes or no);
menopausal status and postmenopausal hormone use (premenopause, postmenopause [never,
past, or current hormone use], or missing for women); oral contraceptive use (never, past,
current, or missing for those in NHSII); total energy intake (kilocalories/day); modified aHEI
score (fifths), baked, boiled, or mashed potatoes (for french fries), and french fries (for baked,
boiled, or mashed potatoes). Error bars represent the 95% Cls.

we estimated that substitution of whole
grains for total potato foods; baked,
boiled, or mashed potatoes; or french
fries was associated with a lower risk
for T2D.

Evidence of potato consumption in
relation to T2D risk was sparse. In three
cross-sectional and case-control studies,
intake of potatoes or french fries was
positively associated with insulin resis-
tance and prevalent T2D (12-14). In a
Finnish cohort comprising 4,303 men
and women, participants who con-
sumed >283 g/day of total potatoes
had 42% higher incident diabetes med-
ication use than those consuming <132
g/day of potatoes (15). In the Women’s
Health Study, which comprised 39,876
female health professionals, total po-
tato consumption was not associated
with diabetes risk after multivariable ad-
justment (16).

To our knowledge, this analysis is
among the first investigations to examine
changes in potato food intake in relation
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to subsequent risk of developing T2D. The
positive associations observed in this
analysis further corroborate the hypoth-
esis that increased potato food intake
may lead to an increased risk for T2D.
Since this is an observational study, we
cannot establish the causality between
potato consumption and the develop-
ment of T2D. In clinical trials, maintaining
high adherence to a dietary intervention
for a long time is typically difficult, in part
because of dietary changes contradicting
participants’ long-term dietary prefer-
ences. Poor adherence dilutes the true
effect of an intervention. By contrast, al-
though our study design cannot com-
pletely eliminate potential confounding,
the findings from a natural experiment
with realistic change in potato consump-
tion may be more externally generaliz-
able than those from a well-controlled
experiment.

The strength of this analysis includes
the comprehensive evaluation of the re-
lationship between potato consump-
tion and T2D risk, with a unique study
design as well as a large sample size,
long duration of follow-up, repeated
measurements of exposure during fol-
low-up, and use of data from multiple
cohort studies. In addition, the use of a
prospective study design helped to min-
imize recall bias of diet after the occur-
rence of disease, which is of particular
concern in retrospective studies (32).
Such a bias may potentially explain
why true associations as demonstrated
in clinical trials are more likely to be
distorted in cross-sectional and case-
control studies than in prospective
studies, as in the case of Mediterranean
diet in relation to risk for T2D (33). This
study has several limitations that are
worth discussing as well. Measurement
errors were inevitable in the estimates
of potato consumption using FFQs
(21,22). Adjusting for energy intake
and the use of a cumulative average of
consumption can reduce the impact of
measurement errors to some extent
(29). In general, random errors in expo-
sure assessments tend to attenuate
true associations toward the null. Al-
though we included major possible con-
founders of lifestyle and dietary factors
in the multivariable analysis, residual or
unmeasured confounding may still
exist. Last, the generalizability of our
findings may be limited to health pro-
fessionals with European ancestry.
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Table 4—HRs (95% CI) of T2D for change in the consumption of potato foods in NHS, NHSII, and HPFS

Change in potato consumption, servings/week

Decreased Decreased No change Increased Increased P value
=4.0 1.0-3.9 (£0.9) 1.0-3.9 =4.0 Every 3 servings/week for trend
Total potato foods
NHS (cases/person-years) 191/28,461 971/187,321 2,703/541,523 851/156,280 124/21,717
Model 1* 1.12 (0.94-1.33) 0.90 (0.83-0.97) 1.00 1.14 (1.05-1.23) 1.21 (1.01-1.45) 1.11 (1.05-1.17) 0.0002
Model 2+ 1.12 (0.94-1.33) 0.92 (0.85-1.00) 1.00 1.03 (0.96-1.12) 1.00 (0.84-1.20) 1.03 (0.97-1.09) 0.37
Model 3% 1.09 (0.92-1.30) 0.91 (0.84-0.99) 1.00 1.02 (0.95-1.11) 0.98 (0.82-1.18) 1.03 (0.97-1.09) 0.36
NHSII (cases/person-years) 163/33,584 670/205,114 1,601/566,999 629/175,691 140/28,291
Model 1* 1.06 (0.87-1.29) 0.89 (0.80-0.98) 1.00 1.37 (1.24-1.50) 1.94 (1.63-2.31) 1.30 (1.23-1.39) <0.0001
Model 2+ 1.08 (0.89-1.31) 0.93 (0.84-1.02) 1.00 1.15 (1.05-1.26) 1.25 (1.04-1.49) 1.10 (1.04-1.18) 0.002
Model 3% 1.02 (0.84-1.24) 0.92 (0.83-1.02) 1.00 1.07 (0.97-1.17) 1.12 (0.93-1.34) 1.07 (1.00-1.13) 0.05
HPFS (cases/person-years) 90/19,274 458/97,614 1,079/253,156 419/88,724 101/16,963
Model 1* 1.11 (0.87-1.42) 1.06 (0.94-1.19) 1.00 1.10 (0.98-1.23) 1.41 (1.15-1.72) 1.07 (0.99-1.15) 0.07
Model 2+ 1.07 (0.84-1.37) 1.08 (0.96-1.22) 1.00 1.04 (0.92-1.16) 1.19 (0.97-1.47) 1.01 (0.94-1.09) 0.71
Model 3% 1.00 (0.78-1.28) 1.06 (0.94-1.19) 1.00 1.03 (0.92-1.15) 1.15 (0.93-1.42) 1.02 (0.95-1.10) 0.59
Pooled§ 1.05 (0.93-1.17) 0.94 (0.89-1.00) 1.00 1.04 (0.98-1.10) 1.08 (0.96-1.20) 1.04 (1.00-1.08) 0.04
Decreased Decreased No change Increased Increased
=1.0 0.5-0.9 (*£0.4) 0.5-0.9 =1.0 Every 1 serving/week
Baked, boiled, or mashed potatoes
NHS (cases/person-years) 1,120/210,194 390/72,267 2,198/426,228 227/54,448 894/168,856
Model 3% 0.92 (0.85-1.00) 1.06 (0.95-1.20) 1.00 0.89 (0.76-1.04) 1.00 (0.92-1.08) 1.02 (0.97-1.07) 0.43
NHSII (cases/person-years) 729/210,285 271/104,153 1,363/442,467 252/83,115 579/166,915
Model 3% 0.92 (0.83-1.02) 0.93 (0.81-1.07) 1.00 1.14 (0.97-1.34) 1.04 (0.94-1.15) 1.07 (1.01-1.14) 0.03
HPFS (cases/person-years) 465/104,335 166/34,727 919/212,317 145/29,960 443/92,537
Model 3% 1.01 (0.89-1.15) 1.06 (0.89-1.27) 1.00 1.09 (0.88-1.35) 1.04 (0.92-1.18) 1.01 (0.93-1.09) 0.84
Pooled+$§ 0.94 (0.89-0.99) 1.02 (0.94-1.10) 1.00 1.02 (0.93-1.13) 1.02 (0.96-1.08) 1.03 (1.00-1.07) 0.06
French fries
NHS (cases/person-years) 196/31,887 820/154,752 2,886/596,764 706/118,407 199/27,958
Model 3% 0.90 (0.75-1.08) 0.92 (0.84-1.00) 1.00 1.09 (1.00-1.19) 1.03 (0.88-1.19) 1.12 (1.03-1.21) 0.007
NHSII (cases/person-years) 330/77,569 486/179,887 1,468/511,349 540/160,311 363/77,017
Model 3% 0.89 (0.76-1.04) 0.93 (0.84-1.04) 1.00 1.08 (0.98-1.20) 1.09 (0.96-1.23) 1.12 (1.04-1.20) 0.003
HPFS (cases/person-years) 206/36,105 359/78,189 1,022/252,608 343/70,415 190/33,501
Model 3% 1.06 (0.87-1.30) 1.05 (0.92-1.19) 1.00 1.13 (0.99-1.28) 1.11 (0.95-1.31) 1.05 (0.95-1.16) 0.34
Pooled$§ 0.93 (0.84-1.03) 0.95 (0.89-1.01) 1.00 1.09 (1.03-1.16) 1.07 (0.99-1.17) 1.10 (1.05-1.15) <0.0001
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*Model 1 was adjusted for age (years). tModel 2 was adjusted for age (years); ethnicity (Caucasian, African American, Hispanic, or Asian); smoking status (never-never, current-past, never/past-current, past-past,
or current-current smoker); a family history of diabetes (yes or no); baseline values of multivitamin use (yes or no); postmenopausal status and hormone use (premenopause, postmenopause [never, past,
or current postmenopausal hormone use], or missing); oral contraceptive use (never, past, current, or missing, for NHS II); potato food intake; and initial values and changes of alcohol intake (for initial value:
0,0.1-4.9, 5.0-14.9, =15.0 g/day, or missing [for women] and 0, 0.1-4.9, 5.0-29.9, =30.0 g/day, or missing [for men]; for change value: fifths or missing); physical activity (for initial value: <3, 3.0-8.9, 9.0-17.9,
18.0-26.9, =27.0 metabolic equivalents of task-hours/week, or missing; for change value: fifths or missing); total energy intake (kilocalories/day for initial value, fifths for change value); and modified aHEI
score (fifths for both initial and change values). ¥Model 3 was adjusted for the variables in model 2 plus initial BMI (<23, 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 _Am\BN.
or missing). §Results from all cohorts were pooled using a fixed-effects meta-analysis.
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In conclusion, greater concurrent and
increased potato consumption was as-
sociated with a higher risk for T2D.
Moreover, increased consumption of
french fries was positively associated
with subsequent T2D risk. The findings
from this study suggest that replacing
baked, boiled, or mashed potatoes and
french fries with whole grains may result
in reduced risk for diabetes. Potatoes
are considered to be a healthful vegeta-
ble in the National Guideline of Healthy
Eating (MyPlate) established by the U.S.
Department of Agriculture and the Re-
view of Special Supplemental Nutrition
Program for Women, Infants, and Chil-
dren Food Packages by the Institute of
Medicine. However, the current findings
cast serious doubts on this classification.
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