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Abstract

Background

Potato consumption has been hypothesized to be associated with higher risk of hyperten-
sion, diabetes, and colorectal cancer.

Objective

The aim of this study was to examine the association between potato consumption and the
risk of overall and cause specific mortality in the large prospective National Institutes of
Health—AARP (NIH-AARP) Study.

Design

The NIH-AARP study recruited 566,407 persons, aged 5072 years in 1995-1996. We
excluded subjects that reported a history of chronic disease at baseline. Potato consumption
data from a validated food frequency questionnaire completed at baseline was used in Cox
proportional hazard models to estimate hazard ratios (HR) and 95% confidence intervals
(95% CI) for overall and cause specific mortality. Final models were adjusted for potential
risk factors for mortality.

Results

Among 410,701 participants included in this analysis, 76,921 persons died during the 15.6
years of follow-up. Eating baked, boiled, or mashed potatoes, French fries or potato salad
seven or more times per week was associated with higher risk of overall mortality, in models
adjusted only for age and sex (HR ¢4 vs c1 = 1.17, 95%CI = 1.13, 1.21). These results were
attenuated in fully adjusted models (HR ¢4 vs c1 = 1.02, 95%CI = 0.97, 1.06). Potato con-
sumption was not associated with risk of mortality caused by cancer (HR ¢4 vs c1 = 1.04,
95%Cl =0.97, 1.11), heart disease (HR ¢4 vs c1 = 1.00, 95%CI = 0.93, 1.09), respiratory
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disease (HR ¢4 vs c1 = 1.16, 95%CI = 0.99, 1.37), or diabetes (HR ¢4 vs c1 = 0.91, 95%ClI =
0.71, 1.19). We tested for an association with different preparation methods and found lim-
ited evidence for differences by preparation method. The only statistically significant associ-
ation was that for French fry consumption with cancer-related mortality (HR ¢4 vs c1 = 1.27,
95%Cl =1.02, 1.59), a finding for which uncontrolled confounding could not be ruled out.

Conclusion

We find little evidence that potato consumption is associated with all-cause or cause-spe-
cific mortality.

Introduction

Potatoes are the most common non-cereal staple food consumed worldwide [1]. US per capita
potato usage exceeds 100 pounds per year, with an increasing fraction sold processed rather
than fresh [2]. Potatoes have a high glycemic index and high glycemic load and may be per-
ceived to be unhealthy, which may be partly due to the preparation methods, such as deep fry-
ing, or because of the condiments added during serving, such as butter, cheese, or sour cream,
which may add a substantial amount of fat and energy. However, they are a good source of
potassium and polyphenols [3] and can be a concentrated source of other required nutrients.
For example, one serving of white potatoes provides about one-third of the Recommended Die-
tary Allowance (RDA) for vitamin C, but only 147 kcal of energy. The widespread popularity of
potatoes and their mixed nutritional reputation have made potatoes the focus on an ongoing
debate within the nutrition community [4]. Potatoes are included as total vegetables in Healthy
Eating Index but are not included in most of dietary indices [5]. Because randomized trials are
unlikely to be used to resolve this debate, more data from large, long-term observational studies
may be the best way to add to our understanding of the role of potatoes in a healthy diet.

Three prospective studies in the US (the Nurses” Health Studies 1 and 2, and the Health
Professionals’ Follow-up Study) reported that higher consumption of potatoes is associated
with an higher risk of diabetes mellitus and higher risk of hypertension, independent of body
mass index (BMI) and other risk factors [6, 7]. However, two prospective studies in Sweden
reported that potato consumption is not associated with risk of incident cardiovascular disease
[3], and a study assessed two different Spanish prospective studies reported that potato con-
sumption is not associated with the risk of hypertension [8]. A Norwegian study reported that
high potato consumption is associated with higher risk of colorectal cancer [9]. Another recent
study reported that consumption of French fries is associated with higher risk of mortality, but
total potato consumption was not associated with mortality. However, the results of this study
were based on only 236 deaths [10]. Therefore, the aim of our study was to evaluate the associ-
ations of potato consumption with overall and cause-specific mortality in the NTH-AARP Diet
and Health Study, which has accrued 76,921 deaths among healthy participants at baseline
during 5,942,912 person-years of follow-up between 1995-2011.

Materials and methods
Study design

The NIH-AARP Diet and Health Study was launched in 1995 and enrolled AARP members
living in California, Florida, Louisiana, New Jersey, North Carolina, and Pennsylvania and two
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metropolitan areas (Atlanta, Georgia, and Detroit, Michigan). A demographic questionnaire
and a food frequency questionnaire were mailed to 3.5 million AARP members. Subjects were
50 to 71 years old. In total, 617,119 baseline questionnaires were returned (an 18% response
rate). The details were described previously [11]. The data underlying the results presented in
the study are available upon submitting a proposal to be approved by the NIH-AARP Steering
Committee at https://www.nihaarpstars.com.

Participants. The NIH-AARP baseline cohort encompassed 566,398 subjects with satis-
factorily completed questionnaires. In this analysis, proxy respondents (n = 15,760); partici-
pants outside two interquartile ranges of the 25th and 75th percentile interval of the energy
intake (n = 4809); subjects with any registry confirmed cancer diagnosis before study entry
(n = 8,828); and self-reported history of cancer (n = 42,165), heart disease (n = 68,408), stroke
(n =6,360), and emphysema (n = 9,367) were excluded. In total, 410,701 subjects (233,739
men and 176,962 women) aged 50-71 years were included for the present analysis (S1 Fig).

The NIH-AARP Diet and Health Study is conducted under the auspices of the Special Stud-
ies Institutional Review Board of the United States National Cancer Institute, and all subjects
provided written informed consent.

Cohort follow-up

Participants were followed from baseline for each individual (1995-1996) until the date of
death, loss to follow-up, withdrawal from the study, or December 31, 2011, whichever came
first.

Exposure assessment

Demographic and anthropometric information were collected at baseline using a self-adminis-
tered questionnaire. The 124-item food frequency questionnaire [12] was also mailed at base-
line, and the participants were asked to report their consumption in the past 12 months. The
validity and reproducibility of the food frequency questionnaire was previously reported, and
for the 26 nutrient constituents examined, estimated correlations with true intake ranged from
0.36 to 0.76 [12]. Potato consumption was asked using five questions: “baked, boiled, or
mashed potatoes”; “potato salad”; “French fries or home fries”; “sweet potatoes”; and “chips”.
Total potato consumption was computed by summing the responses to the first three ques-
tions. For this study, we did not include sweet potatoes, because they have a different nutrient
content. We also did not include chips, because the question did not differentiate between
potato, corn, or other chips.

The frequency of potato consumption consisted of 10 categories from never to “2 or more
times per day”. Each item in the food frequency questionnaire was linked to the 1994-1996 US
Department of Agriculture’s Continuing Survey of Food Intakes by Individuals to compute
energy and nutrient intake [13].

Outcome measures

Vital status and cause-specific mortality were ascertained using probabilistic matching to the
National Death Index Plus. The International Classification of Diseases, 10th revision (ICD-
10) was used to classify the underlying cause of death (from death certificates). We studied
death from cancer (ICD-10 codes C00-C44, C45.0, C45.1, C45.7, C45.9, C48-C97, and
D12-D48); cardiovascular disease, including heart diseases (ICD-10 codes 100-109, 110-113,
120-151, and 170-178) and stroke or cerebrovascular diseases (ICD-10 codes 160-169); respira-
tory diseases (ICD-10 codes J10-J18 and J40-J47); and diabetes mellitus (ICD-10 codes
E10-E14).
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Statistical analysis

Descriptive values of variables were expressed as means and percentages. Cox proportional
hazards models were used to estimate hazard ratios (HRs) and 95% confidence intervals (95%
CIs). Time since entry to the study was used as the underlying time metric. Using age at entry
did not change the results significantly. The proportional hazards assumption was verified
using the Schoenfeld residuals test.

Ten categories of potato consumption were merged into 4 categories: less than 1 time per
week, 1-2 times per week, 3-6 times per week, 7 or more times per week. In a secondary analy-
sis, we merged the top two categories to render more evenly distributed categories for potato
consumption. The lowest category was used as a reference category throughout. To test for lin-
ear trend across categories of intake, the median value of each category was used as a continu-
ous variable in the regression models. For continuous analyses, we estimated the HRs
associated with a one serving/day increase in potato intake.

Multivariable models were adjusted for suspected risk factors for mortality including age;
sex; body mass index (BMI); ethnic group; education; drinking alcohol; smoking status, inten-
sity and duration; self-reported health status; self-report of diabetes (yes vs. no); level of physi-
cal activity (never, rarely, 1-3 times/month, 1-2 times/week, 3-4 times/week, >5 times/week);
use of any vitamin supplement (yes vs. no); total energy intake (quintile); consumption of red
meat (quintile), white meat (quintile), whole grains (quintile), fruits (quintile) and vegetables
(quintile). We also tested the inclusion of the healthy eating index 2010 in the model instead of
individual foods (red meat, white meat, whole grains, fruits and vegetables) and found no sub-
stantive differences in the results from the primary models we present.

In additional analyses, we mutually adjusted for each type of potato preparation (including
French fries in the model for baked potato and potato salad and vice versa). Also, we converted
the potato intake to grams per day and adjusted the intake for energy using the nutrient den-
sity method. We did stratified analyses by potential effect modifiers (age, smoking status, BMI,
self-reported health status, red meat intake, vitamin supplement use), and tested the interac-
tion between potato consumption and effect modifiers using the Likelihood Ratio test. Finally,
we conducted a sensitivity analysis in which we excluded participants with less than two years
of follow-up, to evaluate potential reverse causality.

Statistical analyses were performed with STATA software version 14 (STATA Corp, College
Station, TX, USA). P values less than 0.05 or 95% confidence intervals that excluded 1.0 were
considered statistically significant.

Results

During the 15.6 years of follow up, 76,921 participants were reported to have died (48,830 men
and 28,091 women). The baseline characteristics of these participants by potato consumption
categories are provided in Table 1. Overall, potato consumption was associated with a host of
other variables, many of which may confer higher risk of death. Specifically, individuals with
higher potato consumption were more likely to be current smokers, to be non-Hispanic
whites, to drink more alcohol, to have a history of diabetes, and to report poor or fair health.
They were also less likely to have attended college or to use vitamin-mineral supplements.
Potato consumption was associated with higher energy intake; higher red meat, white meat,
whole grain, fruit and vegetable intake; and a higher BMI. The baseline characteristics of par-
ticipants by different types of potato preparation categories are provided in S1 Table.

Table 2 presents the age- and sex-adjusted and fully adjusted HRs for overall and cause-spe-
cific mortality for increasing categories of potato consumption. The age- and sex-adjusted
models suggested that participants who ate potatoes seven or more times per week had higher
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Table 1. Demographic and dietary characteristics of participants by potato consumption in the NITH-AARP diet and health study’.

Participants, n
Total potato intake, gram per
day?
Age, years 2
BMI 2, kg/m?
Smoking (%)
Never

Former <20 cigarettes per
day

Former >20 cigarettes per
day

Current <20 cigarettes per
day

Current >20 cigarettes per
day

Alcohol, grams per day 2
Race (%)
Non-Hispanic white
Non-Hispanic Black
Others

Education, College and post-
graduate (%)

Physical activity, > 5 times per
week (%)

Self-reported history of
diabetes, yes (%)

Self-reported poor or fair
health (%)

Use of any vitamin mineral
supplement (%)

Calories, kcal/day *
Red meat intake, grams per day
2

White meat intake, grams per
day?

Whole grain intake, grams per
day?

Fruit intake, grams per day >

Vegetable intake, grams per
day >*

< 1 time per
week

66,130
13.5+7.6

62.2+5.3
27.2+4.3

25,362 (30)
26368 (31.2)

24,062 (28.5)

5,330 (6.3)

3,405 (4.0)

15.8+40.1

76,655 (88.1)
4,416 (5.1)
5,991 (6.9)
40,733 (47.5)

18,749 (21.5)

9,111 (10.3)

11,045 (12.7)

47,111 (53.2)

1646+733
54.5+47.6

51.0+49.3

20.3+29.0

360.4+354.0
209.2+178.1

Men

1-2 times per
week

85,753
37+14.6

62.1+5.4
27.3+4.2

34,044 (30.7)
33,036 (29.7)

32,660 (29.4)

6,562 (5.9)

4,777 (4.3)

16.6+37.5

108,347 (94.9)
2,536 (2.2)
3,262 (2.9)
53,765 (47.8)

24,102 (21.1)

11,170 (9.7)

13,473 (11.8)

60,341 (52.3)

19574751
75.8+55.0

62.2+50.5

23.4+29.5

370.3+333.0
246.7£172.0

3-6 times per
week

72,325
85.9+38

62.6+5.3
27.3+4.3

28,426 (29.6)
28,101 (29.2)

28,696 (29.9)

5,913 (6.1)

4,941 (5.1)

17.5+38.6

95,745 (96.9)
1,412 (1.4)
1,622 (1.6)
41,946 (43.1)

21,387 (21.6)

10,577 (10.6)

13,031 (13.2)

50,598 (50.7)

2290+839
95.0+66.8

70.2+56.5

26.8+33.3

387.0+343.6
286.2+193.1

! All risk factors were associated with potato consumption with p <0.001

2 Mean +SD

? Excluding potatoes

https://doi.org/10.1371/journal.pone.0216348.t001

>7 times per
week

9,531
161.6+75.2

62.3+5.4
27.6+4.8

3,699 (29.6)
3,352 (26.9)

3,755 (30.1)

901 (7.2)

770 (6.2)

17.5+40.7

12,432 (96.6)
179 (1.4)
258 (2.0)
4,709 (37.3)

2,907 (22.5)

1,682 (12.9)

2,009 (15.6)

6,204 ((47.6)

2886+1.30
130.5+90.4

82.2+70.9

31.3+£40.0

424.7+404.3
359.0+268.6

< 1 time per
week

62,220
10.6+6.2

61.8+5.4
26.7+6.1

31,900 (43.3)
21,264 (28.8)

9,538 (12.9)

8,196 (11.1)

2,802 (3.8)

5.5+15.8

64,161 (88.3)
6,762 (9.0)
4,259 (5.7)
24,181 (32.5)

12,530 (16.6)

5,612 (7.3)

10,240 (13.6)

46,837 (61)

1314+571
33.9+31.7

46.9+48.4

17.7£25.2

340.11+£328.7
209.6x177.9

Women

1-2 times per
week

61,234
30.7+11.4

61.8+5.4
26.9+5.9

33,431 (45.6)
20,156 (27.5)

9,307 (12.7)

7,669 (10.4)

2,815 (3.8)

5.9+15.7

69,602 (93.0)
3,246 (4.3)
2,011 (2.7)
23,850 (32.4)

11,804 (15.7)

5504 (7.3)

9,674 (13.0)

46,312 (61.1)

1560+584
48.0+37.1

56.1+46.3

20.8+25.9

354.2+304.1
248.3+171.1

3-6 times per

week
48,665
74.5+31.1

62.3%£5.3
27.0+6.2

27,689 (46.5)
15,635 (26.3)

7,435 (12.5)

6,094 (10.2)

2,660 (4.5)

6.2+17.1

57,991 (95.4
1,741 (2.9)
1,052 (1.7)
16,630 (27.9)

10,078 (16.6)

4,904 (8.0)

8,612 (14.2)

36,581 (59.5)

18254667
59.2459.2

63.8+53.2

23.7+28.6

383.1+324.7
292.7+202.8

>7 times per
week

4,843
142.3+68.3

62.3+5.4
27.4+6.7

2,927 (48.1)
1,449 (23.8)

713 (11.7)

709 (11.6)

287 (4.7)

5.9%17.9

5,895 (94.4)
221 (3.5)
129 (2.1)
1,363 (22.4)

1,063 (17.0)

619 (9.8)

1,183 (19.1)

3,496 (55.1)

23094851
80.9+64.1

73.5+67.7

27.8+35.6

441.4+405.2
362.8+266.8

risk of overall and cause-specific mortality in comparison with those who ate potatoes less

than one time per week, with highly significant p-values for trend across categories. After

adjusting for multiple risk factors, the estimated associations were attenuated to the null and

were no longer statistically significant. The apparent overall association with mortality was

PLOS ONE | https://doi.org/10.1371/journal.pone.0216348 May 7, 2019

5/12


https://doi.org/10.1371/journal.pone.0216348.t001
https://doi.org/10.1371/journal.pone.0216348

@ PLOS|ONE

Potato consumption and mortality

Table 2. Age and sex adjusted and fully adjusted hazard ratios for overall and cause specific mortality, for categories of total potato consumption (n = 410,701).

Cause of death Categories of potato consumption
< 1 time per week 1-2 times per week 3-6 times per week >7 times per week P trend 1 serving increase/ day

All causes of death
Death, n/ person-year 25,220/1,834,840 27,980/2,100,434 25,511/1,737,904 3,502/207,774
Age- and sex- adjusted HR 1 0.95 (0.94, 0.97) 1.01 (1.00, 1.03) 1.17 (1.13,1.21) <0.001 | 1.07 (1.06, 1.08)
Fully adjusted HR ' 1 0.98 (0.96, 1.00) 1.00 (0.98, 1.02) 1.02 (0.97, 1.06) 0.02 1.00 (0.98, 1.01)
Cancer
Death, n/ person-year 9,523/1,834,840 10,751/2,100,434 9,639/1,737,904 1,276/207,774
Age- and sex- adjusted HR 1 0.97 (0.94, 1.00) 1.02 (0.99, 1.05) 1.15 (1.09, 1.22) <0.001 1.07 (1.06, 1.09)
Fully adjusted HR' 1 0.95 (0.95, 1.01) 0.99 (0.96, 1.02) 1.04 (0.97,1.11) 0.21 1.01 (0.99, 1.04)
Heart disease
Death, n/ person-year 6,903/1,834,840 7,570/2,100,434 7,055/1,737,904 978/207,774
Age- and sex- adjusted HR 1 0.94 (0.91, 0.97) 1.01 (0.98, 1.05) 1.17 (1.10, 1.26) <0.001 1.07 (1.05, 1.09)
Fully adjusted HR 1 0.98 (0.94, 1.01) 1.02 (0.98, 1.06) 1.00 (0.93, 1.09) 0.08 1.01 (0.98, 1.03)
Respiratory disease
Death, n/ person-year 2,011/1,834,840 2,322/2,100,434 2,294/1,737,904 337/207,774
Age- and sex- adjusted HR 1 1.01 (0.95, 1.08) 1.16 (1.09, 1.23) 1.40 (1.22, 1.62) <0.001 1.12 (1.07, 1.17)
Fully adjusted HR' 1 1.02 (0.94, 1.11) 1.01 (0.93, 1.10) 1.16 (0.99, 1.37) 0.21 0.99 (0.94, 1.05)
Diabetes
Death, n/ person-year 652/1,834,840 674/2,100,434 665/1,737,904 89/207,774
Age- and sex- adjusted HR 1 0.88 (0.79, 0.98) 1.02 (0.92, 1.14) 1.20 (0.96, 1.50) 0.08 1.05 (0.99, 1.13)
Fully adjusted HR' 1 0.92 (0.82, 1.04) 1.01 (0.88, 1.15) 0.91 (0.71, 1.19) 0.83 0.96 (0.89, 1.05)

! Adjusted for age (years), sex (M, F), use or non-use of pipes or cigars, the number of cigarettes smoked per day, time of smoking cessation (<1 year, 1 to <5 years, 5 to
<10 years, or >10 years before baseline), alcohol drinking (grams per day), ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander/Native
American), body mass index (BMI)(kg/m?), education (high school or less, post-high school training, college graduate, post-graduate education), physical activity
(never, rarely, 1-3 times per month, 1-2 times per week, 3-4 times per week, > 5 times per week), self-report history of diabetes (yes, no), total energy intake (kcal per
day, quintile), red meat intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95% CIs) were calculated by

using a Cox regression model

https://doi.org/10.1371/journal.pone.0216348.t1002

reduced to non-significance (HR ¢4 vs c1 = 1.02, 95%CI = 0.97, 1.06). Merging the top two cate-
gories of potato consumption did not change the results meaningfully (HR ¢3 vs ¢1 = 0.97, 95%
CI =0.95, 1.00). when we analyzed potato intake as a continuous variable, the estimated fully-
adjusted associations were close to null and not statistically significant (Table 2).

Mutual adjustment for each type of potato preparation did not change the results meaning-
fully. Likewise, using potato intake in grams consumed per day, adjusted for energy, did not
change the results meaningfully (HR ¢4 s c1 = 0.98, 95%CI = 0.95, 1.00).

We also investigated associations of several different types of potato preparations with mor-
tality. Increasing consumption of “baked, boiled or mashed potatoes” or “potato salad” was
not significantly associated with overall or cause specific mortality. However, French fry con-
sumption was directly associated with cancer related mortality (HR ¢4 vs c1 = 1.27, 95%

CI = 1.02, 1.59) (Fig 1).

We also performed stratified analyses according to categories of other risk factors for mor-
tality. There were no substantial differences in the estimated associations across the strata of
the various risk factors. The results of these stratified analyses are shown in Fig 2; no statisti-
cally significant associations were observed within any of the strata.

In a lag analysis, we excluded participants with less than two years of follow-up, and the
results did not change meaningfully (HR ¢4 vs 1 = 1.04, 95%CI = 0.99, 1.09).
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Fig 1. Hazard ratios for overall mortality for different types of potato preparation. Point estimates represent highest (>7
times per week) vs. lowest category (<1 time per week) of consumption adjusted for age (years), sex (M, F), use or non-use of
pipes or cigars, the number of cigarettes smoked per day, time of smoking cessation (<1 year, 1 to <5 years, 5 to <10 years, or
>10 years before baseline), alcohol drinking (grams per day), ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic,
Asian/Pacific Islander/Native American), body mass index (BMI)(kg/ m?), education (high school or less, post-high school
training, college graduate, post-graduate education), physical activity (never, rarely, 1-3 times per month, 1-2 times per week,
3-4 times per week, > 5 times per week), self-report history of diabetes (yes, no), calories (kcal per day, quintile), red meat
intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95% Cls) were
calculated by using a Cox regression model.

https://doi.org/10.1371/journal.pone.0216348.9001
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Fig 2. Hazard ratios for overall mortality, for total potato consumption stratified by categories of suspected risk factors. Point estimates
represent highest vs. lowest category of potato consumption adjusted for age (years), sex (M, F),use or non-use of pipes or cigars, the number of
cigarettes smoked per day, time of smoking cessation (<1 year, 1 to <5 years, 5 to <10 years, or >10 years before baseline), alcohol drinking
(grams per day), ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander/Native American), body mass index (BMI)
(kg/m®), education (high school or less, post-high school training, college graduate, post-graduate education), physical activity (never, rarely, 1-3
times per month, 1-2 times per week, 3-4 times per week, > 5 times per week), self-report history of diabetes (yes, no), total energy intake (kcal
per day, quintile), red meat intake, white meat intake, whole grain intake, fruit intake, and vegetable intake (grams per day, quintile); HRs (95%
Cls) were calculated by using a Cox regression model.* P for interaction <0.05.

https://doi.org/10.1371/journal.pone.0216348.9002
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Discussion

Our results do not support an association of potato intake with all-cause or cause-specific
mortality. Potatoes have a high glycemic index and a high glycemic load. Consumption of
high glycemic load foods may increase the risk of diabetes and cardiovascular diseases, inde-
pendent of body weight change [14]. However, they are a good source of potassium, vitamin
C, and polyphenols [3], and this may counterbalance the association of other potato compo-
nents with mortality. Prospective studies of potato consumption and cardiovascular diseases
have yielded inconsistent results [3, 15, 16]. However, our results are consistent with a sys-
tematic review study reported that potato consumption was not associated with the risk of
obesity, diabetes or cardiovascular diseases [17]. A recent meta-analysis reported that potato
consumption was not associated with risk of overall, cardiovascular, or cancer mortality
[18]. Although there was no evidence for associations of potato intakes alone with mortality,
we did not investigate potato consumption as a component of overall dietary glycemic load
[19-21].

The different types of preparation methods could have different associations with health
outcomes [22-24]. Baked potatoes have higher resistant starch contents than boiled potatoes
[24]. A previous study found that the glycemic index of potatoes varies among different prepa-
ration method, but not among different types of potatoes tested [23]. We investigated associa-
tions of different types of potato preparations with mortality. Increasing consumption of
“baked, boiled or mashed potatoes” or “potato salad” was not significantly associated with
overall or cause specific mortality. We did not observe an association between French fry
intake and total mortality. This result differs from a recent study which found that consump-
tion of French fries 2-3 times per week was associated with higher risk of total mortality (7),
but this previous study evaluated only 236 deaths during 8 years of follow-up [25]. In contrast,
with nearly 77,000 deaths occurring during 15.6 years of follow-up, our study had much
greater power to carefully evaluate the associations of multiple potato exposures with both
total and cause-specific mortalities, and the only significant result of French fry consumption
that we found was a weak direct association with cancer-related mortality. Fried potatoes con-
tain acrylamides, which is a potential carcinogen [26, 27] but frequent french fry consumption
may also be associated with other unhealthy lifestyle and poor dietary habits, which could lead
to an apparent association in the presence of uncontrolled confounding. Given the multiple
outcomes that we evaluated, even this result should be interpreted with caution, and we cannot
rule out the possibility that this finding was the result of chance.

The strengths of this study were the large sample size, the long follow-up time, and the abil-
ity to adjust for many potential confounders. The most important methodological limitation
of this study was the use of a single food frequency questionnaire to evaluate the diet. Food fre-
quency questionnaires are known to be subject to measurement error, and the use of this
instrument could be one of the factors contributing to the null findings of the current study.
Also, recording dietary data only one time, at baseline, did not allow us to include changes in
diet during the long follow-up time in our evaluation. In addition, although we adjusted the
models for other potential confounders, residual confounding cannot be ruled out. We also
lacked data on the amount of salt or other condiments added during the serving of foods,
which might have affected our results.

In conclusion, we found that total potato consumption was not associated with risk of total
mortality. Future studies in other populations are warranted given the high level of potato con-
sumption and the equivocal results across the literature.

Conflicts of interest: None declared.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216348 May 7, 2019 9/12


https://doi.org/10.1371/journal.pone.0216348

@ PLOS|ONE

Potato consumption and mortality

Supporting information

S1 Fig. Participant flow chart.
(TIFF)

S1 Table. Demographic and dietary characteristics of participants by different types of
potato preparation in the NIH-AARP Diet and Health Study 1.
(DOCX)

Acknowledgments

We are indebted to the participants in the NIH-AARP Diet and Health Study for their out-
standing cooperation (https://dietandhealth.cancer.gov/acknowledgment.html).

Author Contributions

Conceptualization: Gwen Murphy, Linda M. Liao.

Data curation: Linda M. Liao.

Formal analysis: Maryam Hashemian, Arash Etemadi.

Funding acquisition: Christian C. Abnet.

Investigation: Linda M. Liao, Christian C. Abnet.

Methodology: Maryam Hashemian, Gwen Murphy, Linda M. Liao, Christian C. Abnet.
Project administration: Gwen Murphy, Linda M. Liao, Christian C. Abnet.
Resources: Christian C. Abnet.

Supervision: Sanford M. Dawsey, Reza Malekzadeh, Christian C. Abnet.
Writing - original draft: Maryam Hashemian.

Writing - review & editing: Sanford M. Dawsey, Reza Malekzadeh, Christian C. Abnet.

References

1. Zaheer K, Akhtar MH. Potato Production, Usage, and Nutrition—A Review. Crit Rev Food Sci Nutr.
2016; 56(5):711-21. https://doi.org/10.1080/10408398.2012.724479 PMID: 24925679.

2.  Wells HF, Bond JK. Vegetables and Pulses Outlook. United States Department of Agriculture. 2016;
VGS-357.

3. Larsson SC, Wolk A. Potato consumption and risk of cardiovascular disease: 2 prospective cohort stud-
ies. The American journal of clinical nutrition. 2016; 104(5):1245-52. Epub 2016/11/03. https://doi.org/
10.3945/ajcn.116.142422 PMID: 27680993.

4. Yaktine AL, Latulippe ME, Rasmussen KM. Review of WIC Food Packages: An Evaluation of White
Potatoes in the Cash Value Voucher: Letter Report: National Academies Press; 2015.

5. Hashemian M, Farvid MS, Poustchi H, Murphy G, Etemadi A, Hekmatdoost A, et al. The application of
six dietary scores to a Middle Eastern population: a comparative analysis of mortality in a prospective
study. Eur J Epidemiol. 2019; 34(4):371-82. Epub 2019/03/20. https://doi.org/10.1007/s10654-019-
00508-3 PMID: 30887377.

6. Murakil, Rimm EB, Willett WC, Manson JE, Hu FB, Sun Q. Potato Consumption and Risk of Type 2
Diabetes: Results From Three Prospective Cohort Studies. Diabetes Care. 2016; 39(3):376—-84. https://
doi.org/10.2337/dc15-0547 PMID: 26681722; PubMed Central PMCID: PMCPMC4764041.

7. Borgil, Rimm EB, Willett WC, Forman JP. Potato intake and incidence of hypertension: results from
three prospective US cohort studies. BMJ. 2016; 353:i2351. Epub 2016/05/18. https://doi.org/10.1136/
bmj.i2351 PMID: 27189229; PubMed Central PMCID: PMCPMC4870381.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216348 May 7, 2019 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216348.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0216348.s002
https://dietandhealth.cancer.gov/acknowledgment.html
https://doi.org/10.1080/10408398.2012.724479
http://www.ncbi.nlm.nih.gov/pubmed/24925679
https://doi.org/10.3945/ajcn.116.142422
https://doi.org/10.3945/ajcn.116.142422
http://www.ncbi.nlm.nih.gov/pubmed/27680993
https://doi.org/10.1007/s10654-019-00508-3
https://doi.org/10.1007/s10654-019-00508-3
http://www.ncbi.nlm.nih.gov/pubmed/30887377
https://doi.org/10.2337/dc15-0547
https://doi.org/10.2337/dc15-0547
http://www.ncbi.nlm.nih.gov/pubmed/26681722
https://doi.org/10.1136/bmj.i2351
https://doi.org/10.1136/bmj.i2351
http://www.ncbi.nlm.nih.gov/pubmed/27189229
https://doi.org/10.1371/journal.pone.0216348

@ PLOS|ONE

Potato consumption and mortality

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

Hu EA, Martinez-Gonzalez MA, Salas-Salvado J, Corella D, Ros E, Fito M, et al. Potato Consumption
Does Not Increase Blood Pressure or Incident Hypertension in 2 Cohorts of Spanish Adults. J Nutr.
2017;147(12):2272-81. Epub 2017/10/20. https://doi.org/10.3945/jn.117.252254 PMID: 29046405.

Asli LA, Olsen A, Braaten T, Lund E, Skeie G. Potato Consumption and Risk of Colorectal Cancer in the
Norwegian Women and Cancer Cohort. Nutr Cancer. 2017; 69(4):564—72. https://doi.org/10.1080/
01635581.2017.1295086 PMID: 28323437.

Veronese N, Stubbs B, Noale M, Solmi M, Vaona A, Demurtas J, et al. Fried potato consumption is
associated with elevated mortality: an 8-y longitudinal cohort study. The American journal of clinical
nutrition. 2017; 106(1):162-7. https://doi.org/10.3945/ajcn.117.154872 PMID: 28592612; PubMed Cen-
tral PMCID: PMCPMC5486204.

Schatzkin A, Subar AF, Thompson FE, Harlan LC, Tangrea J, Hollenbeck AR, et al. Design and seren-
dipity in establishing a large cohort with wide dietary intake distributions: the National Institutes of
Health-American Association of Retired Persons Diet and Health Study. Am J Epidemiol. 2001; 154
(12):1119-25. PMID: 11744517.

Thompson FE, Kipnis V, Midthune D, Freedman LS, Carroll RJ, Subar AF, et al. Performance of a food-
frequency questionnaire in the US NIH-AARP (National Institutes of Health-American Association of
Retired Persons) Diet and Health Study. Public Health Nutr. 2008; 11(2):183-95. https://doi.org/10.
1017/S1368980007000419 PMID: 17610761.

Subar AF, Midthune D, Kulldorff M, Brown CC, Thompson FE, Kipnis V, et al. Evaluation of alternative
approaches to assign nutrient values to food groups in food frequency questionnaires. Am J Epidemiol.
2000; 152(3):279-86. PMID: 10933275.

Ludwig DS. The glycemic index: physiological mechanisms relating to obesity, diabetes, and cardiovas-
cular disease. JAMA. 2002; 287(18):2414—-23. PMID: 11988062.

Joshipura KJ, Ascherio A, Manson JE, Stampfer MJ, Rimm EB, Speizer FE, et al. Fruit and vegetable
intake in relation to risk of ischemic stroke. JAMA. 1999; 282(13):1233-9. Epub 1999/10/12. PMID:
10517425.

Khosravi-Boroujeni H, Saadatnia M, Shakeri F, Keshteli AH, Esmaillzadeh A. A case-control study on
potato consumption and risk of stroke in central Iran. Arch Iran Med. 2013; 16(3):172—6. Epub 2013/02/
26. doi: 013163/AIM.009 PMID: 23432170.

Borch D, Juul-Hindsgaul N, Veller M, Astrup A, Jaskolowski J, Raben A. Potatoes and risk of obesity,
type 2 diabetes, and cardiovascular disease in apparently healthy adults: a systematic review of clinical
intervention and observational studies. The American journal of clinical nutrition. 2016; 104(2):489-98.
Epub 2016/07/15. https://doi.org/10.3945/ajcn.116.132332 PMID: 27413134.

Darooghegi Mofrad M, Milajerdi A, Sheikhi A, Azadbakht L. Potato consumption and risk of all cause,
cancer and cardiovascular mortality: a systematic review and dose-response meta-analysis of prospec-
tive cohort studies. Crit Rev Food Sci Nutr. 2019:1-14. Epub 2019/01/15. https://doi.org/10.1080/
10408398.2018.1557102 PMID: 30638040.

FanJ, Song Y, Wang Y, Hui R, Zhang W. Dietary glycemic index, glycemic load, and risk of coronary
heart disease, stroke, and stroke mortality: a systematic review with meta-analysis. PLoS One. 2012; 7
(12):52182. Epub 2013/01/04. https://doi.org/10.1371/journal.pone.0052182 PMID: 23284926;
PubMed Central PMCID: PMCPMC3527433.

Ma XY, Liu JP, Song ZY. Glycemic load, glycemic index and risk of cardiovascular diseases: meta-anal-
yses of prospective studies. Atherosclerosis. 2012; 223(2):491-6. Epub 2012/06/26. https://doi.org/10.
1016/j.atherosclerosis.2012.05.028 PMID: 22727193.

Brand-Miller J, Buyken AE. The glycemic index issue. Curr Opin Lipidol. 2012; 23(1):62—7. Epub 2011/
12/14. https://doi.org/10.1097/MOL.0b013e32834ec705 PMID: 22157060.

Palazoglu TK, Savran D, Gokmen V. Effect of cooking method (baking compared with frying) on acryl-
amide level of potato chips. J Food Sci. 2010; 75(1):E25-9. Epub 2010/05/25. https://doi.org/10.1111/j.
1750-3841.2009.01389.x PMID: 20492162.

Soh NL, Brand-Miller J. The glycaemic index of potatoes: the effect of variety, cooking method and
maturity. Eur J Clin Nutr. 1999; 53(4):249-54. Epub 1999/05/20. PMID: 10334648.

Raatz SK, Idso L, Johnson LK, Jackson MI, Combs GF Jr. Resistant starch analysis of commonly con-
sumed potatoes: Content varies by cooking method and service temperature but not by variety. Food
Chem. 2016; 208:297-300. Epub 2016/05/03. https://doi.org/10.1016/j.foodchem.2016.03.120 PMID:
27132853.

Beals KA. Methodologic weaknesses notwithstanding, can a study examining the association between
potatoes (or really any food or nutrient) and "all-cause mortality" truly tell us anything meaningful? The
American journal of clinical nutrition. 2018; 107(5):847-9. Epub 2018/04/11. https://doi.org/10.1093/
ajcn/nqy033 PMID: 29635271.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216348 May 7, 2019 11/12


https://doi.org/10.3945/jn.117.252254
http://www.ncbi.nlm.nih.gov/pubmed/29046405
https://doi.org/10.1080/01635581.2017.1295086
https://doi.org/10.1080/01635581.2017.1295086
http://www.ncbi.nlm.nih.gov/pubmed/28323437
https://doi.org/10.3945/ajcn.117.154872
http://www.ncbi.nlm.nih.gov/pubmed/28592612
http://www.ncbi.nlm.nih.gov/pubmed/11744517
https://doi.org/10.1017/S1368980007000419
https://doi.org/10.1017/S1368980007000419
http://www.ncbi.nlm.nih.gov/pubmed/17610761
http://www.ncbi.nlm.nih.gov/pubmed/10933275
http://www.ncbi.nlm.nih.gov/pubmed/11988062
http://www.ncbi.nlm.nih.gov/pubmed/10517425
http://www.ncbi.nlm.nih.gov/pubmed/23432170
https://doi.org/10.3945/ajcn.116.132332
http://www.ncbi.nlm.nih.gov/pubmed/27413134
https://doi.org/10.1080/10408398.2018.1557102
https://doi.org/10.1080/10408398.2018.1557102
http://www.ncbi.nlm.nih.gov/pubmed/30638040
https://doi.org/10.1371/journal.pone.0052182
http://www.ncbi.nlm.nih.gov/pubmed/23284926
https://doi.org/10.1016/j.atherosclerosis.2012.05.028
https://doi.org/10.1016/j.atherosclerosis.2012.05.028
http://www.ncbi.nlm.nih.gov/pubmed/22727193
https://doi.org/10.1097/MOL.0b013e32834ec705
http://www.ncbi.nlm.nih.gov/pubmed/22157060
https://doi.org/10.1111/j.1750-3841.2009.01389.x
https://doi.org/10.1111/j.1750-3841.2009.01389.x
http://www.ncbi.nlm.nih.gov/pubmed/20492162
http://www.ncbi.nlm.nih.gov/pubmed/10334648
https://doi.org/10.1016/j.foodchem.2016.03.120
http://www.ncbi.nlm.nih.gov/pubmed/27132853
https://doi.org/10.1093/ajcn/nqy033
https://doi.org/10.1093/ajcn/nqy033
http://www.ncbi.nlm.nih.gov/pubmed/29635271
https://doi.org/10.1371/journal.pone.0216348

@ PLOS | O N E Potato consumption and mortality

26. IARC. IARC Monographs on the evaluation of carcinogenic risks to humans. Volume 60: Some indus-
trial chenmicals. IARC, Lyon. 1994.

27. Virk-Baker MK, Nagy TR, Barnes S, Groopman J. Dietary acrylamide and human cancer: a systematic
review of literature. Nutr Cancer. 2014; 66(5):774-90. Epub 2014/05/31. https://doi.org/10.1080/
01635581.2014.916323 PMID: 24875401; PubMed Central PMCID: PMCPMC4164905.

PLOS ONE | https://doi.org/10.1371/journal.pone.0216348 May 7, 2019 12/12


https://doi.org/10.1080/01635581.2014.916323
https://doi.org/10.1080/01635581.2014.916323
http://www.ncbi.nlm.nih.gov/pubmed/24875401
https://doi.org/10.1371/journal.pone.0216348

