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Potato consumption is associated with total and cause-
specific mortality: a population-based cohort study and 
pooling of prospective studies with 98,569 participants

Mohsen Mazidi1, Niki Katsiki2, Dimitri P. Mikhailidis3, Daniel Pella4, Maciej Banach5,6,7* on behalf  
of the Lipid and Blood Pressure Meta-Analysis Collaboration (LBPMC) Group

A b s t r a c t

Introduction: The long-term effect of potato consumption on mortality and 
cardiovascular (CV) and cardiometabolic risk factors is still largely unknown. 
Using the National Health and Nutrition Examination Surveys (NHANES) 
1999–2010, we evaluted the long-term impact of potato intake on total and 
cause-specific (cardiovascular disease (CVD), cerebrovascular disease and 
cancer) mortality, and the results were next validated in a systematic review 
and meta-analysis of cohort studies investigating pooled associations of po-
tato consumption with all-cause and cause-specific death. 
Material and methods: Vital status up to December 31, 2011 was ascertained 
in NHANES. Cox proportional hazards were applied to determine the hazard 
ratios (HRs) and 95% confidence intervals (95% CI) of mortality for each quar-
tile of the potato intake, with the lowest quartile (Q1 – with the lowest intake) 
used as a reference. In the meta-analysis we used adjusted Cox regression to 
determine the risk ratio (RR) and 95% CI, as well as random effects models 
and generic inverse variance methods to synthesize quantitative and pooled 
data, followed by a leave-one-out method for sensitivity analysis.
Results: Among 24,856 participants included, 3433 deaths occurred during 
the mean follow-up of 6.4 years. In multivariate adjusted models, total 
(42%), CVD (65%), cerebrovascular (26%) and cancer (52%) mortality risk 
was greater in individuals with higher potato consumption than those 
with the lowest intake (p < 0.001 for all comparisons). However, this link 
disappeared after adjustment for confounding factors. Results from pool-
ing current prospective studies revealed a  non-significant association be-
tween total (RR = 1.25, 0.98–1.60, p = 0.066), CVD (RR = 0.99, 0.90–1.08,  
p = 0.845) and stroke mortality (RR = 0.94, 0.85–1.03, p = 0.214) with potato 
consumption. Individuals with a  higher potato intake had a  less favorable 
profile of cardiometabolic factors, including greater waist circumference (97.2 
vs. 99.5 cm, p < 0.001) and a  less favorable profile of systolic and diastolic 
blood pressure, levels of triglycerides (TG), high-density lipoprotein-choles-
terol (HDL-C) and TG/HDL-C ratio (p < 0.001 for all comparisons).
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Conclusions: Our results revealed no significant effects of potato intake on long-term mortality rates, where-
as higher potato consumption was adversely related to cardiometabolic risk factors. These findings should 
be taken into consideration for public health strategies, establishing the position for potatoes in the food 
pyramid.

Key words: mortality, potato, stroke, cardiovascular disease, cardiometabolic, meta-analysis.

Introduction

Non-communicable diseases, including the 
most important ones, such as cardiovascular dis-
ease (CVD) and stroke, are the leading causes of 
death globally [1, 2]. Based on the recent data, 
each year more than 17 million people die due to 
CVD worldwide, accounting for 30% of global mor-
tality [3]. It is also very well known that a well-bal-
anced and healthy diet might essentially improve 
CV health, which has been demonstrated in many 
available large cohort studies [4–6].

White potatoes have often been a part of many 
traditional diets of Western countries [7]. They are 
rich in starch and have a high glycemic index and 
load, which, based on available data, have been 
associated with an increased risk of CVD and mor-
tality [7]. However, compared with other common 
carbohydrate sources, potatoes have a  low ener-
gy density because of their high water content 
[8]. They also provide important micronutrients, 
which are all associated with a decreased risk of 
morbidity and mortality [9]. Thus, overall it is hard 
to assess their potential harmful or beneficial ef-
fects [8]. 

There are very limited data on potato consump-
tion and its impact on public health and clinical 
outcomes, such as mortality. A study by Muraki et 
al. that included three North American cohorts re-
ported that greater consumption of potatoes was 
associated with a 33% higher risk of type 2 dia-
betes (T2DM), independently of several potential 
confounders [10]. Likewise, results from prospec-
tive US cohorts showed that high consumption 
of potatoes was associated with a higher risk of 
hypertension (HTN) [11]. In contrast, a study con-
ducted in Sweden in 69,313 men and women 
failed to find any significant link between higher 
potato intake and the risk of CVD morbidity and 
mortality during a  13-year follow-up [12]. A  sys-
tematic review, which included 5 observational 
studies with a  total of 170,413 healthy subjects, 
also did not provide any conclusive evidence that 
could suggest an association between potato in-
take and the risk of developing obesity and type 2  
DM [13]. Similarly, a longitudinal analysis that in-
cluded 4,440 participants (with 8-year follow-up) 
reported that participants with the highest potato 
consumption did not have an increased risk of all-
cause mortality [10]. However, there were several 
limitations of this study, including the lack of as-

sessment of cause-specific mortality and the influ-
ence of biochemical parameters, which might have 
been important confounding factors [14]. To the 
best of our knowledge, no previous prospective 
study has investigated the association between 
potato consumption and cancer mortality [15].

Taking into account still limited data and incon-
sistent results of available studies, a controversy 
was raised in the US and UK regarding the recog-
nition of potatoes as vegetables in dietary recom-
mendations [8, 15]. Currently, in the US national 
food guide potatoes are considered a  vegetable 
[8], whereas they are grouped with cereals in the 
UK national food guide [8, 15]. The US Institute 
of Medicine recently recommended that white po-
tatoes should be allowed as an eligible vegetable 
of the Special Supplemental Nutrition Program 
for Women, Infants, and Children [8, 10, 15]. Such 
inconsistencies may originate from different con-
siderations, including the historical nature of po-
tatoes and policies of trade, agriculture, and food, 
as well as the limited and mixed evidence of the 
association of potato consumption with health 
outcomes such as mortality and cardiometabolic 
factors [16–21].

Given that potatoes are widely consumed in 
both North America and Europe as well as due to 
still inconsistent knowledge on their health ef-
fects, as well as conflicting findings reported, we 
prospectively examined the association of potato 
consumption with total and cause-specific mor-
tality, including cancer, stroke and CVD, using pop-
ulation-based cohorts in the US. As a  secondary 
objective, to validate the cohort results, we con-
ducted a systematic review and meta-analysis by 
pooling existing prospective cohort studies.

Material and methods

NHANES Study

Main study characteristics

This was a prospective cohort study using data 
from the US National Health and Nutrition Exam-
ination Survey (NHANES). The National Center 
for Health Statistics (NCHS) Research Ethics Re-
view Board approved the underlying protocol and 
written informed consent was obtained from all 
participants. The current study is based on the 
analysis of data from 2-year NHANES survey cy-
cles between 1999 and 2010, restricted to partic-
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ipants aged ≥ 20 years. Details on the NHANES 
Laboratory/Medical Technologists Procedures and 
Anthropometry Procedures were described else-
where [22]. 

Dietary intake was assessed via 24  h recalls 
obtained by a  trained interviewer, using a  com-
puter-assisted dietary interview system with stan-
dardized probes, i.e. the United States Department 
of Agriculture Automated Multiple-Pass Method 
(AMPM) [23]. Briefly, the type and quantity of all 
foods and beverages consumed in a  single 24  h 
period before the dietary interview (from midnight 
to midnight) were collected using the AMPM. It is 
designed to enhance complete and accurate data 
collection while reducing respondent burden. The 
United States Department of Agriculture  (USDA) 
Food and Nutrient Database for Dietary Studies was 
used to determine the nutrient content of foods.

Cardiometabolic risk factors

A  blood specimen was drawn from an ante-
cubital vein. Glycated hemoglobin (HbA

1c) was 
measured using a Tosoh A1C 2.2 Plus Glycohemo-
globin Analyzer (Tosoh Bioscience, San Francisco, 
USA). Fasting blood glucose (FBG) was measured 
by a  hexokinase method using a  Roche/Hitachi 
911 Analyzer and Roche Modular P Chemistry 
Analyzer (NJ, USA). Insulin was measured using 
an ELISA immunoassay (Mercodia, Uppsala, Swe-
den). Other laboratory test details are available 
in the NHANES Laboratory/Medical Technologists 
Procedures Manual [24]. Homeostasis model as-
sessment of insulin resistance (HOMA-IR) was cal-
culated as: (FBG (mg/dl) × insulin (mU/ml)/22.5) 
using fasting values. Details on C-reactive protein 
(CRP) measurement are available elsewhere [25]. 
The anthropometrically predicted visceral adipose 
tissue (apVAT) was measured with gender-specific 
validated equations that included age, body mass 
index (BMI), and circumferences of the waist (WC) 
and thigh [26]. The equation for men was: 6 × WC 
– 4.41 × proximal thigh circumference + 1.19 × 
age – 213.65; and the equation for women was: 
2.15 × WC – 3.63 × proximal thigh + 1.46 × age + 
6:22 × BMI – 92.713 [26]. Visceral adiposity index 
(VAI) was calculated using gender-specific formu-
las: men (WC/39.68 + (1.88 × BMI)) × (triglycerides 
(TG)/1.03) × (1.31/high-density lipoprotein choles-
terol (HDL-C)); women: (WC/36.58 + (1.89 × BMI)) 
× (TG/0.81) × (1.52/HDL-C), where both TG and 
HDL-C levels are expressed in mmol/l [26]. TG to 
HDL-C ratio was calculated as the ratio of TG (mg/
dl) to HDL-C (mg/dl). The lipid accumulation prod-
uct (LAP) index was calculated as (WC – 65) × (TG 
(mmol/l)) in men, and (WC – 58) × (TG (mmol/l)) 
in women [26]. 

A digital scale was used to measure weight to 
the nearest 100 g and a fixed stadiometer to mea-

sure height to the nearest mm. BMI was calculat-
ed as weight in kg divided by the square of height 
in m. WC was measured at the iliac crest to the 
nearest mm, using a steel tape.

Mortality 

The de-identified and anonymized data of 
NHANES 1999–2010 participants were linked to 
longitudinal Medicare and mortality data using 
the NHANES assigned sequence number. Mortal-
ity follow-up data are available from the date of 
survey participation until December 31, 2011. We 
examined all-cause mortality, as well as mortali-
ty due to CVD (I00-I09, I11, I13, I20-I51, I60-I69), 
cancer (C00-C97), and cerebrovascular disease 
(I60-I69). Cause of death was determined using 
the 10th revision of the International Classification 
of Diseases (ICD-10). 

Statistical analysis 

Analyses were conducted according to the 
guidelines set by the Centers for Disease Control 
and Prevention for analysis of the NHANES data-
set, accounting for the masked variance and us-
ing their suggested weighting methodology [27, 
28]. Continuous and categorical demographic 
variables were compared across tertiles of potato 
consumption using analysis of variance (ANOVA) 
and c2 tests, respectively. Multivariable Cox pro-
portional hazards were applied to determine the 
hazard ratios (HRs) and 95 % confidence intervals 
(CIs) of mortality for each tertile of potato con-
sumption, with the lowest tertile (T1 = lowest po-
tato intake) always used as a reference. To derive 
the HR and 95% CI, we used 3 different models, 
Model 1: adjusted for age, gender, race, education, 
marital status, poverty to income ratio, total ener-
gy intake, physical activity, smoking and alcohol 
consumption; Model 2: adjusted additionally for 
BMI, dietary fat, carbohydrates, saturated fat, pro-
tein and dietary fiber; and Model 3: Model 2 ad-
justed for hypertension and DM. A two-sided p < 
0.05 was used to characterize significant results. 
Data were analyzed using SPSS complex sample 
module version 22.0 (IBM Corp, Armonk, NY).

Systematic review and meta-analysis

Literature search and study selection

This meta-analysis was designed, conducted 
and reported according to Meta-analysis Of Obser-
vational Studies in Epidemiology (MOOSE) guide-
lines [29]. The primary exposure of interest was 
potato consumption while the primary outcome 
of interest was changes in total and cause-spe-
cific mortality subsequent to potato intake. Pro-
spective cohort studies published up to June 2018 
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(without language restriction) were searched us-
ing PubMed/Medline, Embase, and Scopus data-
base. This was complemented by hand searches 
of the reference list of eligible articles, and email 
correspondence with authors for additional data, 
where relevant. 

After excluding duplicates and based on titles 
and abstracts, we excluded studies on animals, 
baseline age < 18 years, or populations with pri-
or coronary heart disease (CHD), DM or any other 
chronic diseases. Eligible studies were selected by 
using predefined inclusion criteria of prospective 
cohort studies, healthy populations and original 
articles on the association of potato intake and 
all-cause and cause-specific mortality (CVD/CHD, 
cerebrovascular and cancer). In addition, supple-
mentary hand searching of reference lists of pre-
vious reviews or meta-analyses was conducted. 
Overall, of 20 eligible full articles, 2 studies met 
the inclusion criteria (Figure 1). To increase the 
power and credibility of the obtained results, the 
recent data based on the NHANES study were in-
cluded in the final meta-analysis. 

Study selection

Study selection started with the removal of 
duplicates, followed by screening of titles and ab-
stracts by two reviewers (MM and NK). To avoid 
bias, the reviewers were blinded to the names, 
qualifications and the institutional affiliations of 
the study authors. Agreement between the re-
viewers was excellent (k index: 0.89; p < 0.001).  
Disagreements were resolved at a  meeting be-
tween reviewers prior to selected articles being 
retrieved (a flow chart is available in Figure 1). We 
included studies if they met all the following cri-
teria: (1) the studies of interest concerned potato 
intake; (2) the studies were population-based co-
hort studies and reported all-cause and cause-spe-
cific mortality data; (3) RR, HR or odds ratio (OR) 
estimates with 95% CI adjusted for multivariable 
factors were available or could be calculated;  
(4) original articles with full texts in English. 

Studies were excluded according to the follow-
ing criteria: (1) reviews, letters, unpublished data 
or comments; (2) those published in languag-
es other than English; (3) not population-based 
cohort studies; (4) RR, HR or OR estimates with  
95% CI were not available or could not be calcu-
lated. Narrative reviews, comments, opinion piec-
es, methodological, editorials, letters or any other 
publications lacking primary data and/or explicit 
method descriptions were also excluded. 

Data extraction and management

The full texts of studies meeting the inclusion 
criteria were retrieved and screened to determine 
eligibility by 2 reviewers (MM, NK). The study qual-

ity assessment was performed according to the 
Newcastle-Ottawa Scale [30]. By evaluation of se-
lection, comparability and outcome, the rating sys-
tem scores for studies range from 0 (highest degree 
of bias) to 9 (lowest degree of bias). Additionally, 
we investigated the funding sources of all the eligi-
ble studies. Following assessment of methodologi-
cal quality, the reviewers (MM & NK) extracted data 
using a purpose-designed data extraction form and 
independently summarized what they consider to 
be the most important results from each study. 
These summaries were compared and any differ-
ences of opinion were resolved by discussion and 
consultation with a third reviewer (MB). Any further 
calculations on study data considered necessary 
were conducted by the first reviewer and checked 
by the second reviewer. Information extracted from 
each eligible study included the following items: 
author, year and references, country, study name, 
men (%), mean age, follow-up time (years), number 
of cases, number of participants, parameter, out-
come and main confounders. 

Data synthesis and statistical analyses

For studies that reported results from different 
multivariable-adjusted models, the model includ-
ing the most confounding factors was extracted 
for the meta-analysis. The random-effect mod-
el was applied to calculate pooled RRs, 95% CI  
and p-value for heterogeneity. RRs comparing the 
highest with the lowest intake category were com-

Records identified through database 
searching: 126

Records after duplicates removed: 83

Records screened: 83

Full-text articles assessed: 20

Studies included in systematic 
review: 2 + 1*

Full-text articles excluded, with 
reasons:

1. Non-human, genetics, molecular
2. Review and Conference
3. Editorial case, not relevant
4. Not enough data

Records excluded based on title: 63
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Figure 1. Flow chart of literature search for meta- 
analysis on potato consumption with total and 
cause-specific mortality for the selection of studies

*Recent data based on NHANES analysis by Mazidi et al.
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bined across studies to generate the summary 
associations. The extent of heterogeneity across 
studies was examined using the I2 test and I2 > 50 
% together with a  two-sided p < 0.05 indicated 
significant heterogeneity [31]. 

Publication bias

Potential publication bias was explored using 
visual inspection of Begg’s funnel plot asymmetry, 
Begg’s rank correlation and Egger’s weighted re-
gression tests. The Duval and Tweedie trim meth-
od was used to adjust the analysis for the effects 
of publication bias [32]. The meta-analysis was 
conducted using the Comprehensive Meta-Analy-
sis (CMA) V3 software (Biostat, NJ) [33].

Results

NHANES study

Overall, 24,856 participants were included, 
with a mean age of 47.7 years, comprising 48.7% 
men and 51.3% women. Demographic character-
istics of the participants according to potato con-
sumption are shown in Table I. Individuals with 
a higher potato intake (1–2 serving(s)/day) were 
significantly younger compared with those with 
no potato consumption (0 servings/day) (46.3 vs. 
47.7 years, respectively, p < 0.001, Table I). Males 
represented the majority in the highest amount 
of potato consumption group (59.1 vs. 40.9%, re-
spectively, p < 0.001), whereas females represent-
ed the highest percentage in the lowest category 
(52.0 vs. 48.0%, respectively, p < 0.001, Table I). 
With regard to race/ethnicity, in the category with 
the highest potato intake the distribution was as 
follows: Non-Hispanic White (52.2%), Non-Hispan-
ic Black (22.0%) and Mexican-American (13.8%, 
p < 0.001, Table I). Regarding education level, 
the majority of individuals with “more than high 
school” (47.9%) were in the category with no po-
tato consumption, while most of those with “less 
than high school” (29.9%) education were in the 
“1–2 serving(s)/day” category. 

We also calculated adjusted (for age, gender, 
race, education, marital status, poverty to income 
ratio, total energy intake, physical activity, smok-
ing, alcohol consumption, dietary fat, carbohy-
drates, saturated fat, protein and dietary fiber) 
mean of cardiovascular and cardiometabolic risk 
factors across increasing intake of potatoes (Ta-
ble II). With increasing potato consumption, par-
ticipants had a greater WC (97.2 vs. 99.5 cm, p < 
0.001) and a less favorable profile of systolic (SBP) 
and diastolic blood pressure (DBP), TG, HDL-C and 
TG/HDL-C ratio (p < 0.001 for all comparisons). For 
both SBP (“0 serving/day = “122.1 vs. “1–2 serv-
ing/day “= 123.5 mm Hg) and DBP (“0 servings/
day “= 68.2 vs. “1–2 serving(s)/day “= 69.3 mm Hg)  

the increase of potato intake was associated with 
significant BP increase (Table II). However, no sig-
nificant differences were observed for BMI, apVAT 
or apolipoprotein B (apoB) across potato intake 
tertiles (Table II). With regard to glucose/insulin 
homeostasis parameters, insulin and HOMA-IR in-
creased as the potato consumption became high-
er (both p < 0.001), while there was no significant 
difference in FBG, HOMA-β, HbA1c or TG to FBG ra-
tio (all p > 0.086). We also found a non-significant 
slight increase in CRP levels across the tertiles of 
potato consumption (“0 servings/day “= 0.35 vs. 
“1–2 serving(s)/day “= 0.38, p = 0.125, Table II).

During the follow-up period of 76.4 months 
(6.4 years), 3,433 total deaths were recorded, in-
cluding 827 cancer deaths, 937 CVD deaths, and 
228 cerebrovascular disease deaths. The distribu-
tions of total and cause-specific mortality across 
quartiles of potato consumption are depicted in 
Table I. Detailed results from 3 multivariable Cox 
regression models for risk of death (total, cancer, 
CVD, cerebrovascular disease) across potato in-
take are shown in Table III. With regard to total 
mortality, there was a positive link (42% higher) 
between potato consumption and total mortal-
ity in Model 1, whereas after more adjustment 
(Model 2 and Model 3), the association between 
total mortality and potato intake disappeared  
(p > 0.421). In the first (52% higher risk) and sec-
ond (35% higher risk) models we found a positive 
association between cancer mortality and pota-
to consumption (both p < 0.001), while this link 
disappeared after more adjustment (in Model 3)  
(p = 0.235). A  similar pattern was observed for 
CVD mortality – in the first and second model, 
CVD mortality was positively correlated with po-
tato intake (RR = 1.65, 95% CI: 1.53–1.95, and  
RR = 1.51, 95% CI: 1.19–1.91, respectively, p < 
0.001, Table III), whereas no link was present 
after correction in Model 3 (RR = 1.14, 95% CI: 
0.99–1.32) (p = 0.418). There was also a  posi-
tive association between cerebrovascular disease 
mortality and potato consumption in Model 1 of 
adjustment (highest intake = 1.26, 1.14–1.39,  
p < 0.001, Table III), while the link was significantly 
attenuated once we adjusted for more confounders 
in Model 2 (plus dietary factors) and Model 3 (plus 
BMI, HTN and T2DM) (both p > 0.476, Table III). 
Finally, with regard to cancer mortality, we found 
a positive and significant association between po-
tato intake and cancer mortality in Model 1 (52%) 
and 2 (35%), while this link disappeared after 
more correction (RR = 1.09, 95% CI: 0.99–1.028,  
p = 0.235 for trend). 

Meta-analysis and systematic review

Overviews of key characteristics of the 3 pro-
spective cohort studies (4 cohorts) are shown in 
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Table IV. A total of 98,569 participants, with 7672 
mortality cases were included in the analysis. The 
duration of follow-up ranged from 6.4 to 13 years. 
Results of quality assessment showed that for all 
included studies scoring was ≥ 7. 

Associations of potato consumption with 
all-cause, CVD and stroke mortality 

Pooling the data on the association between 
potato consumption and total mortality re-
vealed a positive and non-significant association  
(RR = 1.25, 0.98–1.60, p = 0.066, n = 2 studies, 
Figure 2), with no risk of heterogeneity, I2 = 1.2,  
p = 0.968. There was no association between po-

tato consumption and CVD mortality (RR = 0.99, 
0.90–1.08, p = 0.845, n = 3 studies, no heteroge-
neity, I2 = 3.2, p = 0.825, Figure 3) or between po-
tato intake and stroke mortality (RR = 0.94, 0.85–
1.03, p = 0.214, n = 3 studies, Figure 4), with no 
sign of heterogeneity, I2 = 1.9, p = 0.876. 

Publication bias

Visual inspection of the funnel plot symme-
try suggested no potential publication bias for 
the comparison of potato consumption and CVD 
mortality (Figure 5). Moreover, Egger’s linear re-
gression indicated absence of publication bias (in-
tercept = –2.3, 95% CI: –6.91 to 6.00, two-tailed  

Table I. Characteristics of study participants according to potato consumption

Parameter Potato consumption1 P-value

0 servings2/day
(n = 11369)

< 1 serving/day
(n = 8856)

1–2 serving(s)/day
(n = 4631)

Age [years] 47.7 ±0.2 47.1 ±0.2 46.3 ±0.3 < 0.001

Gender (%):

Men 48.0 45.9 59.1 < 0.001

Women 52.0 54.1 40.9

Race/ethnicity (%):

Mexican-American 20.6 18.5 13.8 < 0.001

Other Hispanic 9.0 8.4 5.3

Non-Hispanic white 45.4 47.1 55.2

Non-Hispanic black 20.4 21.4 22.0

Other 4.6 4.6 3.7

Marital status (%):

Married 50.5 52.7 51.6 < 0.001

Widowed 8.4 8.8 6.9

Divorced 10.9 9.3 10.5

Never married 19.0 18.8 19.1

Education status (%):

Less than high school 26.4 28.1 29.9 < 0.001

Completed high school 22.2 25.6 26.8

More than high school 47.9 46.1 46.7

Mortality status:

Total mortality 1028 (29.9) 1164 (33.9) 1241 (36.1) < 0.001

Cancer mortality 286 (34.5) 246 (29.7) 295 (35.6) < 0.001

Coronary heart disease mortality 298 (31.8) 329 (35.1) 310 (33.0) < 0.001

Cerebrovascular disease mortality 69 (30.2) 78 (34.2) 81 (35.5) < 0.001

Groups across the quartiles were compared by either c2 test or analysis of variance. Values expressed as mean and standard deviation (SD) 
or %. 1Potato in the diet included baked, boiled, fried, hash-browned, home-fried, mashed, roasted, scalloped, stuffed, with sauce, potato 
salad, and potato chips. 2One serving consisted of 30–149 g and two servings consisted of at least 150 g.



Mohsen Mazidi, Niki Katsiki, Dimitri P. Mikhailidis, Daniel Pella, Maciej Banach on behalf of the Lipid and Blood Pressure Meta-Analysis 
Collaboration (LBPMC) Group

266 Arch Med Sci 2, February / 2020

Table II. Characteristics of study participants by potato consumption and its influence on cardiometabolic and 
cardiovascular risk factors

Parameter Potato consumption1 P-value

0 servings2/day
(n = 11369)

< 1 serving/day
(n = 8856)

1–2 serving(s)/day
(n = 4631)

Body mass index [kg/m2] 28.8 ±0.1 28.7 ±0.1 28.9 ±0.1 0.143

Waist circumference [cm] 97.2 ±0.4 98.7 ±0.3 99.5 ±0.4 < 0.001

apVAT* 180.2 ±3.4 180.7 ±2.5 179.8 ±2.6 0.283

Systolic blood pressure [mm Hg] 122.1 ±0.3 122.9 ±0.4 123.5 ±0.3 < 0.001

Diastolic blood pressure [mm Hg] 68.2 ±0.4 68.9 ±0.39 69.3 ±0.3 < 0.001

TG [mg/dl] 153.3 ±3.5 154.6 ±2.7 157.0 ±4.1 < 0.001

HDL-C [mg/dl] 53.6 ±0.4 53.1 ±0.4 52.6 ±0.3 < 0.001

TG to HDL-C ratio 3.52 ±0.1 3.59 ±0.09 3.85 ±0.1 < 0.001

FBG [mg/dl] 99.1 ±0.6 99.9 ±0.7 100.1 ±0.8 0.142

Insulin 13.4 ±0.2 13.5 ±0.2 14.2 ±0.3 < 0.001

HOMA-IR 0.75 ±0.03 0.91 ±0.03 1.09 ±0.02 < 0.001

HOMA-β 151.2 ±4.2 158.2 ±5.9 154.3 ±8.8 0.086

HbA1c (%) 5.64 ±0.02 5.65 ±0.02 5.64 ±0.02 0.436

TG to FBG ratio 8.43 ±0.01 8.72 ±0.01 8.52 ±0.02 0.246

CRP [mg/dl] 0.35 ±0.01 0.38 ±0.01 0.38 ±0.01 0.125

Apolipoprotein B [mg/dl] 0.94 ±0.01 0.93 ±0.01 0.94 ±0.01 0.539

LAP 68.2 ±1.2 69.3 ±2.0 71.4 ±1.9 < 0.001

VAI 2.50 ±0.02 2.56 ±0.01 2.53 ±0.02 0.436

Adjusted (for age, gender, race, education, marital status, poverty to income ratio, total energy intake, physical activity, smoking, alcohol 
consumption, dietary fat, carbohydrates, saturated fat, protein and dietary fiber) means were compared across potato consumption by 
using analysis of co-variance (ANCOVA). 1Potato in the diet included baked, boiled, fried, hash-browned, home-fried, mashed, roasted, 
scalloped, stuffed, with sauce, potato salad, and potato chips. 2One serving consisted of 30–149 g and two servings consisted of at least 
150 g. HOMA-IR – homeostatic model assessment of insulin resistance, HOMA-β – homeostatic model assessment of B-cell function, LAP – 
lipid accumulation product, VAI – visceral adiposity index, apVAT – anthropometrically predicted visceral adipose tissue, TG – triglyceride: 
FBG – fasting blood glucose, HDL-C – high density lipoprotein cholesterol, CRP – C-reactive protein, HbA

1c
 – glycated hemoglobin.

p = 0.542), as well as the Begg’s rank correlation 
test (Kendall’s t with continuity correction = 1.00, 
z = 0.342, two-tailed p = 0.436). After adjustment 
of the effect size for potential publication bias 
using the ‘trim and fill’ correction, no potentially 
missing studies were imputed in the funnel plot 
(RR = 0.99, 0.90–1.08) (Figure 6). The ‘fail-safe N’ 
test showed that 102 studies would be needed to 
bring the obtained results down to a non-signifi-
cant (p > 0.05) value. 

Discussion

Based on both individual data and a meta-anal-
ysis of available prospective studies we evaluated 
the impact of potato consumption on total and 
cause-specific mortality. Furthermore, we investi-
gated the changes in cardiometabolic risk factors 
across the tertiles of potato intake. We found that 
in minimally adjusted models there was a  posi-

tive association of total, CVD, stroke and cancer 
mortality with potato consumption (i.e. higher 
intake was linked to higher risk) but this associa-
tion disappeared after more adjustments (dietary 
factors, BMI, HTN and T2DM). The results of pool-
ing studies showed a non-significant association 
between potato intake and risk of total, CVD and 
stroke mortality. However, participants with high-
er potato consumption had a much less favorable 
profile of cardiovascular and cardiometabolic risk 
factors; these associations were independent of 
demographic, lifestyle and dietary factors.

Our findings showing a non-significant link be-
tween total and cause-specific mortality and po-
tato intake are in line with the few other available 
studies [12, 14, 34]. However, to the best of our 
knowledge, only one study, with 4,440 participants 
(aged between 45 and 79 years) followed up for 
8 years, examined whether frequent potato con-
sumption was associated with total mortality risk 
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Table III. Multivariable-adjusted hazard ratios (95% CIs) for mortality across potato consumption

Parameter Potato consumption P-value

0 servings/day
(n = 11369)

< 1 serving/day
(n = 8856)

1–2 serving(s)/day
(n = 4631)

Total mortality:

Model 1 1 (Reference) 1.23 (1.11–1.43) 1.42 (1.27–1.96) < 0.001

Model 2 1 (Reference) 1.22 (0.95–1.63) 1.20 (1.01–1.64) 0.421

Model 3 1 (Reference) 1.10 (0.98–1.42) 1.30 (0.98–1.70) 0.523

Cancer mortality:

Model 1 1 (Reference) 1.19 (1.04–1.42) 1.52 (1.23–1.51) < 0.001

Model 2 1 (Reference) 1.13 (1.02–1.28) 1.35 (1.06–1.69) < 0.001

Model 3 1 (Reference) 0.99 (0.75–1.26) 1.09 (0.99–1.28) 0.235

Cardiovascular 
disease mortality:

Model 1 1 (Reference) 1.39 (1.25–1.62) 1.65 (1.53–1.95) < 0.001

Model 2 1 (Reference) 1.30 (1.02–1.92) 1.51 (1.19–1.91) < 0.001

Model 3 1 (Reference) 1.02 (0.76–1.28) 1.14 (0.99–1.32) 0.418

Cerebrovascular 
disease mortality:

Model 1 1 (Reference) 1.36 (1.19–1.73) 1.26 (1.14–1.39) < 0.001

Model 2 1 (Reference) 1.01 (0.98–1.16) 1.09 (0.99–1.23) 0.476

Model 3 1 (Reference) 1.01 (0.69–1.43) 0.97 (0.78–1.20) 0.863

1Potato in the diet included baked, boiled, fried, hash-browned, home-fried, mashed, roasted, scalloped, stuffed, with sauce, potato salad, 
and potato chips. 2One serving consisted of 30–149 g and two servings consisted of at least 150 g. Model 1 – Adjusted for age, gender, 
and race, education, marital status, poverty to income ratio, total energy intake, physical activity, smoking and alcohol consumption; 
Model 2 – Adjusted for age, gender, race, education, and marital status, poverty to income ratio, total energy intake, physical activity, 
smoking, alcohol consumption, dietary fat, carbohydrates, saturated fat, protein and dietary fiber; Model 3 – Adjusted for age, gender, 
race, education, and marital status, poverty to income ratio, total energy intake, physical activity, smoking, alcohol consumption, dietary 
fat, carbohydrates, saturated fat, protein, dietary fiber, body mass index, hypertension and diabetes.  

[14]. They evaluated potato intake using a Block 
Brief 2000 food-frequency questionnaire (FFQ) 
and categorized it as ≤ 1 time/month, 2–3 times/
month, 1 time/week, 2 times/week, or ≥ 3 times/
week. They found that potato intake was not asso-
ciated with an increased risk of all-cause mortali-
ty (HR = 1.11; 95% CI: 0.65–1.91) [14]. This might 
have happened because of using different co-vari-
ants, since in our fully adjusted model we failed to 
find any association between total and cause-spe-
cific mortally after adjusting for more variables. 
Similarly, only one study investigated the associ-
ation of potato consumption with CVD and stroke 
mortality, by pooling the results of 2 prospective 
cohorts of Swedish adults (the Cohort of Swedish 
Men and the Swedish Mammography Cohort), in-
volving 69,313 men and women, free of CVD and 
DM, followed up for 13 years [12]. They evaluated 
the potato consumption with FFQ as 2.4 times/
week, 2.4–7.9 times/week and > 7.9 times/week, 
and found no link between potato intake, CVD  
(HR = 0.99; 95% CI: 0.95–1.03) or stroke mortal-

ity (HR = 1.01; 95% CI: 0.97–1.05) [12]. Similarly, 
a study consisting of 2 large American cohort pop-
ulations (i.e. 75,596 women aged 34 to 59 years 
in the Nurses’ Health Study with 14 years of fol-
low-up, and 38,683 men aged 40 to 75 years in the 
Health Professionals’ Follow-up Study with 8 years 
of follow-up) reported no associations between 
potato intake and risk of stroke morbidity [34].

We hypothesize that the neutral impact of po-
tato consumption on mortality risk might be due 
to the unique composition of potatoes. In this 
context, it is possible that the high content of 
fiber, vitamins, and micronutrients in white pota-
toes might have counterbalanced the detrimental 
effects of their high glycemic index [8]. In this con-
text, we have recently reported on the beneficial 
effects of fiber, minerals and vitamins on glucose 
and insulin homeostasis [35]. However, larger pro-
spective studies are required to further investi-
gate this relationship.

Our findings indicated no link between potato 
consumption and cancer mortality. One case-con-
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trol study found potato consumption to be pro-
tective against rectal cancer risk among women, 
while no associations were found for men [36]. 
In a cohort study, potato fiber was found to have 
a  protective effect against colon cancer [37]. In 
contrast, other studies reported that individuals 
with high potato consumption tended to have 
higher risk of colon cancer [38], increased risk of 
gastric cancer among women but not among men 
[39] or risk of rectal cancer among Whites but not 
among African-Americans [40]. Regarding the in-
significant impact of potato intake on the risk of 
cancer, some short-term studies have even sug-
gested that potatoes contain antitumor agents 
[15]. The potential health benefits of potato con-
sumption have been related to fiber, niacin, folate, 
vitamin C, and minerals (e.g. potassium, magne-
sium and iron) contained in potatoes [8]. Fiber is 
known to have a protective effect against cancer, 
but the association between the other nutrients 
in potatoes and cancer are either inconsistent or 
incomplete [41]. In recent years, there has been 
a more critical focus on potato consumption, as 
potatoes have a high glycemic index and glycemic 
load [42, 43]. On the other hand, several studies 
have found high dietary glycemic index and gly-
cemic load to be associated with an increased 
risk of several cancers [44]. However, it is possible 
that the beneficial compounds of the potato men-
tioned above may compensate for the detrimental 
effect of their high glycemic index and glycemic 
load [45].

We need to bear in mind that the preparation 
method is also relevant for the association be-
tween potato consumption and risk of mortality. 
Boiling is assumed to be the healthiest prepara-
tion method. Roasted and fried potatoes are carri-
ers of salt and fats, and acrylamide formation may 
be an additional problem in potatoes cooked at 
temperatures above 120°C [46]. However, we did 
not have clear information on the way of prepa-
ration in this analysis, and which potatoes domi-
nated for given subjects. This is a limitation of our 
study. Prospective studies focusing on this matter 
are needed. 

We also examined the link between cardiomet-
abolic and CV risk factors and potato consump-
tion. Participants with higher potato consumption 
had worse lipid profile, BP, glucose/insulin ho-
meostasis markers and anthropometric variables, 
while we found no link between CRP, an indepen-
dent predictor of CVD, and potato intake. The as-
sociation of potato intake with hypertension is 
a critical public health problem in the US, mainly 
because potatoes have recently been included in 
the government sponsored food programs [11]. 
Their inclusion was justified by the potential CVD 
benefits attributed to their high potassium con-
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Figure 2. Forest plot of potato consumption and risk of total mortality

Study name Hazard ratio Lower limit Upper limit Hazard ratio and 95% CI

Veronese (2017) 1.110 0.648 1.903 

Mazidi (2018) 1.300 0.987 1.712 

Overall 1.258 0.985 1.608 

 0.5 1 2

 Lower risk Higher risk

Figure 3. Forest plot of potato consumption and risk of cardiovascular disease mortality

Study name           Statistics for each study  Hazard ratio and 95% CI
 Hazard ratio Lower limit Upper limit P-value

Larsson 1 (2016) 0.880 0.755 1.026 0.103 

Larsson 2 (2016) 0.940 0.789 1.119 0.487 

Mazidi (2018) 1.140 0.987 1.316 0.074 

Overall 0.991 0.906 1.084 0.845 

 0.5 1 2

 Lower risk Higher risk

Figure 4. Forest plot of potato consumption and risk of stroke mortality

Study name           Statistics for each study  Hazard ratio and 95% CI
 Hazard ratio Lower limit Upper limit P-value

Larsson 1 (2016) 1.000 0.870 1.150 1.000 

Larsson 2 (2016) 0.860 0.735 1.007 0.060 

Mazidi (2018) 0.970 0.782 1.203 0.782 

Overall 0.942 0.858 1.035 0.214 

 0.5 1 2

 Lower risk Higher risk

 –2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

Log hazard ratio

Figure 5. Funnel plots for studies on the association 
between potato consumption and risk of cardiovas-
cular disease mortality. Open circles represent ob-
served published studies; open diamond represents 
observed effect size

 –2.0 –1.5 –1.0 –0.5 0 0.5 1.0 1.5 2.0

Log hazard ratio

Figure 6. Trim and fill method was used to impute for 
potentially missing studies (potato consumption and 
risk of cardiovascular disease mortality); no poten-
tially missing study was imputed in funnel plot. Open 
circles represent observed published studies; open 
diamond represents observed effect size; closed di-
amond represents imputed effect size
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tent, leading to improvements in blood pressure 
[11]. Briefly, the Institute of Medicine and the US 
Department of Agriculture recommended white 
potatoes to be allowed as part of the fruit and 
vegetable cash voucher Women, Infants & Chil-
dren (WIC) program, with most states having al-
ready implemented this regulation. The Institute 
of Medicine’s report emphasized the high potas-
sium content of potatoes, which is a desired fea-
ture of foods for the WIC population [11]; a high-
er potassium intake has been associated with 
a  lower BP. In a meta-analysis of 22 randomized 
controlled trials increased potassium intake (as 
a  supplement) produced a 3.5 mm Hg reduction 
in SBP and 2.0 mm Hg reduction in DBP in hyper-
tensive patients [47]. However, in line with anoth-
er study, which was carried out in US adults [11], 
the authors found that a higher potato intake was 
associated with increased, rather than decreased, 
SBP and DBP. In a prospective longitudinal cohort 
study which involved altogether almost 200,000 
participants from the Nurses’ Health Study I and 
II, and from the Health Professionals Follow-up 
Study, who were non-hypertensive at baseline, 
higher potato consumption was independently 
and prospectively associated with increased risk 
of developing hypertension [11].

Evidence of potato intake in relation to glucose/
insulin control and management is sparse [48]. In 
3 cross-sectional and case-control studies, potato 
intake was positively associated with worse glu-
cose/insulin control, higher insulin resistance and 
prevalent type 2 DM [16–21]. In a Finnish cohort 
comprising 4,303 men and women, participants 
who consumed 283 g/day of total potatoes had 
42% higher use of antidiabetic drugs than those 
consuming 132 g/day of potatoes [19]. A  study 
that included 3 North American cohorts also re-
ported that greater potato consumption was as-
sociated with a  33% higher risk of T2DM, inde-
pendently of several potential confounders [10]. 
In contrast, in the Women’s Health Study, which 
comprised 39,876 female health professionals, to-
tal potato consumption was not associated with 
DM risk after multivariable adjustment [20]. The 
results are still inconsistent; however, in most of 
the available studies, especially in those where 
the final results were adjusted for multiple vari-
ables that might have also affected T2DM risk, the 
authors found no association between potato in-
take and T2DM [49–54]. 

We found that participants with higher potato 
consumption had a  greater WC, which is in ac-
cordance with some other studies. For example, 
Mozaffarian et al., who conducted a  large, pro-
spective pooled cohort study, found that increased 
consumption of 1 serving/day of all types of pota-
toes combined was associated with a mean body 

weight gain of 0.58 kg over a  period of 4 years  
[53]. In a  similar cohort study, an increase of  
0.1 cm in WC over 5 years was observed in women 
for each increase in potato intake of 60 kcal/day 
(not including intake of French fries) [54]. In con-
trast, Halkjaer et al. looked at WC and found no 
association between potato intake and WC [55].

Our analysis has some strength and obvious 
limitations, mainly due to the observational char-
acter of the study. Because of the prospective 
design, the misclassification of exposure, which 
is unavoidable in dietary assessments, is most 
likely non-differential. It would be better to ana-
lyze the risk of mortality and potato intake with 
regard to different ways of cooking the potatoes. 
Although we included major possible confounders 
of lifestyle and dietary factors in the multivariable 
analysis, residual or unmeasured confounding 
may still exist. Furthermore, since this is an ob-
servational study, we cannot establish causality 
between potato consumption and the outcomes. 
In clinical trials, maintaining high adherence to 
a dietary intervention for a  long time is typically 
difficult, in part because of dietary changes con-
tradicting participants’ long-term dietary prefer-
ences [56–58]. Hence, poor adherence may dilute 
the true effect of an intervention.

As the data collection was performed on all 
days of the week throughout the year in NHANES, 
the potential for day-specific information bias is 
very low [59]. We observed a very low level of het-
erogeneity, indicating the validity of our results. 
Furthermore, to the best of our knowledge, this 
is the first meta-analysis (although it was based 
only on 3 cohort studies) on the long-term impact 
of potato consumption on total and cause-specific 
mortality.

In conclusion, our results suggest no effect of 
potato intake on total or cause-specific mortali-
ty, although potato consumption was associated 
with a detrimental impact on cardiometabolic fac-
tors. These results are important for policy makers, 
contributing to increased public awareness about 
the role of the diet on health and the controversy 
regarding the correct place of potatoes in the food 
pyramid. 
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