
The Journal of Nutrition
Nutritional Epidemiology

Dietary Supplement Use among Adult Cancer
Survivors in the United States
Mengxi Du,1,2 Hanqi Luo,3 Jeffrey B Blumberg,1,4 Gail Rogers,1,4 Fan Chen,1,5 Mengyuan Ruan,1,6

Zhilei Shan,1,7 Emily Biever,2 and Fang Fang Zhang1

1Friedman School of Nutrition Science and Policy, Tufts University, Boston, MA, USA; 2Nutrition Department, Dana Farber/Brigham and
Women’s Cancer Center, Boston, MA, USA; 3Department of Nutrition and Institute for Global Nutrition, University of California, Davis,
Davis, CA, USA; 4Jean Mayer USDA Human Nutrition Research Center on Aging, Tufts University, Boston, MA, USA; 5The Hinda and
Arthur Marcus Institute for Aging Research, Hebrew SeniorLife, Boston, MA, USA; 6Tufts University School of Medicine, Boston, MA,
USA; and 7Department of Nutrition, Harvard TH Chan School of Public Health, Boston, MA, USA

ABSTRACT
Background: Many cancer patients initiate dietary supplement use after cancer diagnosis. How dietary supplement

use contributes to the total nutrient intake among cancer survivors as compared with individuals without cancer needs

to be determined.

Objectives: We aimed to evaluate nutrient intakes from dietary supplements among cancer survivors in relation to

their total nutrient intake and compare those with individuals without cancer.

Methods: We evaluated the prevalence, dose, and reason for using dietary supplements among 2772 adult cancer

survivors and 31,310 individuals without cancer who participated in the NHANES 2003–2016.

Results: Cancer survivors reported a higher prevalence of any (70.4% vs. 51.2%) and multivitamin/mineral (48.9% vs.

36.6%) supplement use and supplement use of 11 individual vitamins and 8 minerals than individuals without cancer.

Overall, cancer survivors had significantly higher amounts of nutrient intake from supplements but lower nutrient intakes

from foods for the majority of the nutrients. Compared with individuals without cancer, cancer survivors had a higher

percentage of individuals with inadequate intake (total nutrient intake <Estimated Average Requirement or Adequate

Intake) for folate, vitamin B-6, niacin, calcium, copper, and phosphorus, due to lower intakes of these nutrients from

foods. Cancer survivors also had a higher proportion of individuals with excess intake (total nutrient intake ≥Tolerable

Upper Intake Level) for vitamin D, vitamin B-6, niacin, calcium, magnesium, and zinc, contributed by higher intakes of

these nutrients from dietary supplements. Nearly half (46.1%) used dietary supplements on their own without consulting

health care providers.

Conclusions: Cancer survivors reported a higher prevalence and dose of dietary supplement use but lower amounts of

nutrient intake from foods than individuals without cancer. The inadequate nutrient intake from foods and the short-term

and long-term health impact of dietary supplement use, especially at high doses, need to be further evaluated among

cancer survivors. J Nutr 2020;150:1499–1508.
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Introduction

Patients with cancer often initiate dietary changes after
cancer diagnosis and treatment, including the use of dietary
supplements (1). It has been estimated that 15–50% of cancer
patients initiate new supplement use after diagnosis (2, 3). The
nutrition guidelines recommend that cancer survivors achieve
adequate nutrition through a healthy balanced diet rather than
relying on supplements (4). However, cancer survivors may
still choose to take dietary supplements for improving their
nutritional intake or overall health, and some may initiate
dietary supplement use without consulting their health care
providers (5, 6). Given that large doses of supplement use
may interact with cancer treatments and potentially result in

long-term health risks (7, 8), it is important to quantify the dose
of dietary supplement use among cancer survivors, and assess
how supplement use contributes to the total nutrient intake of
cancer survivors. In addition, factors associated with dietary
supplement use among cancer survivors need to be further
evaluated.

Although a high prevalence of dietary supplement use
(50–85%) has been reported in prior cohorts of breast,
prostate, and colorectal cancer survivors (2, 9–11), few
studies have assessed dietary supplement use among cancer
survivors who participated in the recent cycles of the NHANES
(6, 9). In particular, whether cancer survivors also use dietary
supplements at a higher dose than individuals without a history
of cancer diagnosis (individuals without cancer) has not been

Copyright C© The Author(s) on behalf of the American Society for Nutrition 2020.
Manuscript received September 20, 2019. Initial review completed December 9, 2019. Revision accepted February 5, 2020.
First published online February 26, 2020; doi: https://doi.org/10.1093/jn/nxaa040. 1499



previously determined. In a representative sample of US adults
who participated in the recent cycles of NHANES (2003–
2016), we examined and compared the prevalence and dose of
dietary supplement use among cancer survivors and individuals
without cancer. In addition, we assessed whether supplement use
contributed to a lower prevalence of inadequate nutrient intake
and/or a higher prevalence of excess nutrient intake in cancer
survivors compared with individuals without cancer. We further
assessed factors associated with dietary supplement use and
reasons for dietary supplement use among cancer survivors. Our
findings will inform evidence-based guidelines for improving the
nutritional intake among cancer survivors.

Methods
Study design and population
We used data from adults aged ≥20 y who participated in the 7
cycles (2003–2004 through 2015–2016) of the NHANES, a nationally
representative, cross-sectional survey conducted by the National Center
for Health Statistics (NCHS) of the CDC. The NHANES assesses
information on health and nutritional status of noninstitutionalized
civilian subjects residing in the United States. This survey program
was approved by the research ethics review board of NCHS, and
all participants provided written informed consent. Participants were
classified as cancer survivors if they responded “yes” to the interview
question: “Have you ever been told by a doctor or other health
professional that you had a cancer or malignancy of any kind?”
Individuals who responded “no” to this question from the same
NHANES cycles (2003–2016) were included as individuals without
cancer. We excluded pregnant or lactating women (n = 369) and
individuals who reported a diagnosis of nonmelanoma skin cancer
(n = 547). This resulted in 3092 cancer survivors and 35,143 individuals
without cancer. Of these, all cancer survivors and 35,106 individuals
without cancer provided complete information on dietary supplement
use in the previous 30 d, among whom 2772 (89.7%) cancer survivors
and 31,310 (89.2%) individuals without cancer who also had ≥1 valid
24-h diet recall were included as the study population of this analysis
(Supplemental Figure 1).

Prevalence and dose of dietary supplement use
The NHANES participants were asked whether they used any dietary
supplements in the past 30 d during an in-house interview. For those
who reported supplement use, they were asked about the product name
and the frequency (e.g., how many times in a day), duration (e.g., how
many days in the past 30 d), and serving form (e.g., capsules, tablets,
pills, soft-gels, drops, or other forms) of supplement use. For each
nutrient, the daily dose was calculated by combining the frequency (e.g.,
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the number of capsules taken in each day) with the product information
on ingredient (e.g., vitamin D, calcium), amount of ingredient per
serving (e.g., 0–1,000,000), and ingredient unit (e.g., International
Units, milligrams). Nutrient intake from each product was summed to
estimate the total daily dose of each supplemental nutrient for each
individual (12). Detailed information on the methods used to estimate
the dose of supplement use is provided in the supplemental material
(Supplemental Methods).

Nutrient intake from foods
Dietary intake of nutrients from foods was assessed using 24-h dietary
recalls conducted by trained interviewers. From 1999 to 2002, one 24-h
diet recall was conducted in-person in the Mobile Examination Center
(MEC); from 2003 to 2016, a second recall was added by telephone
interview ∼3–10 d after the first recall. Participants with ≥1 valid 24-h
dietary recall were included in the analysis to estimate nutrient intake
from foods. Using the Automated Multiple Pass Method, all foods and
beverages consumed during the previous day were recorded. A standard
set of measuring guides was used to help the respondent report the
volume and dimension of the food items consumed. Food intakes were
coded and nutrient values were determined using the USDA Food and
Nutrient Database for Dietary Studies (FNDDS), versions 1.0–5.0.

Reasons for taking dietary supplements
For 5 NHANES survey cycles, 2007–2008 to 2015–2016, NHANES
participants were asked whether they took dietary supplements based
on their own decision or advised by a doctor. Respondents were
further asked to provide reasons for taking supplements for ≥1 reasons
such as whether they took supplements “to improve my overall
health,” “to maintain health,” “for bone health,” or other reasons. The
percentage of cancer survivors and individuals without cancer using
dietary supplements was estimated for each of the reasons asked in the
Dietary Supplement Questionnaire (DSQ). For a participant who used
multiple products, if he/she indicated the same reason (e.g., reason A)
for using different products, he/she was considered to be using dietary
supplements for reason A only once.

Demographic and lifestyle factors
Demographic and lifestyle factors including age, sex, race/ethnicity,
education, income, smoking, alcohol intake, and physical activity were
collected during household interviews. Body weight, and height were
obtained during physical examinations at the MEC. Smokers were
defined as participants who reported smoking ≥100 cigarettes during
their lifetime, with former smokers defined as participants who reported
smoking ≥100 cigarettes but not currently smoking. Drinkers were
defined as participants who drank ≥12 alcohol drinks in any given
year. Moderate versus heavy drinkers were defined as participants who
consumed <1 versus ≥1 drink/d for women and <2 versus ≥2 drinks/d
for men. Participants who had ≥150 min of moderate-to-vigorous
physical activities/wk were classified as being physically active, and
physically inactive otherwise (13). Diet quality was assessed using the
Healthy Eating Index–2015, which measures the adherence to the 2015
Dietary Guidelines for Americans (14). A higher score corresponds to a
healthier diet. For cancer survivors, time since diagnosis was calculated
as the interval from the year of cancer diagnosis to the year that they
completed the DSQ that assesses dietary supplement use.

Statistical analysis
We estimated the prevalence of any supplement use, multivita-
min/mineral (MVM) supplement use, and the supplement use of
24 individual nutrients, including 12 vitamins, 8 minerals, and 4
nonvitamin, nonmineral supplements among cancer survivors and
compared the prevalence with that in individuals without cancer
using the chi-square test. MVM supplement use was defined as using
supplements for ≥3 vitamins with or without minerals (9, 15). We
then estimated and compared the mean daily dose of supplement use
between cancer survivors and individuals without cancer using ANOVA.
We further estimated and compared the mean nutrient intake from
foods between the 2 groups. To estimate the total nutrient intake
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from foods and supplements combined, we used the recommended
“shrink then add” method (16). We first used the National Cancer
Institute method to estimate the usual nutrient intake from foods, and
then added nutrient intake from supplements to the estimated usual
intake from foods (Supplemental Methods) (16–19). We then estimated
the proportions of cancer survivors and individuals without cancer
with inadequate or excess nutrient intake. Inadequate nutrient intake
was defined as amounts of total nutrient intake below the Estimated
Average Requirements (EARs) or Adequate Intakes (AIs) according
to the DRIs (20). Excess nutrient intake was defined as amounts of
total nutrient intake above the Tolerable Upper Intake Levels (ULs)
defined in the DRIs (Supplemental Table 1) (20). The proportion of
inadequate or excess nutrient intake was estimated by comparing the
total nutrient intake to the EAR or AI (for inadequate intake) or to
the UL (for excess intake), and the proportion was compared between
the cancer survivors and individuals without cancer using the chi-
square test. We adjusted the P values for multiple comparisons using the
Benjamini and Hochberg procedure (21). We additionally adjusted for
age, sex, and race/ethnicity for the above comparisons as supplemental
analyses. In addition, we assessed whether dietary supplement use
among cancer survivors was associated with demographic, lifestyle
factors, and cancer-related characteristics using ANOVA for continuous
variables and the chi-square test for categorical variables. Multivariable
logistic regression models were used to estimate the ORs and 95% CIs
for factors associated with dietary supplement use. Last, we assessed
and compared the reasons for dietary supplement use among cancer
survivors and individuals without cancer who participated in 5 cycles
of NHANES (2007–2016).

We accounted for the complex survey design in all analyses, includ-
ing examination sample weights, which adjusted survey nonresponses
and day of the week (22). Balanced repeated replication (BRR) weights
were generated from dietary day 1 sample weights using Fay’s BRR
method and used in estimating variances (23, 24). All analyses were
2-sided and significance was considered at the α level of 0.05. A cutoff
of false discovery rate of 10% was used to determine significance. SAS
version 9.4 (SAS Institute, Inc.), was used for all analysis.

Results

Characteristics of cancer survivors and individuals without
cancer from a nationally representative sample of US adults
are described in Table 1. Cancers of the breast, prostate,
colorectum, and lung were the primary diagnoses, accounting
for ∼40% of all cancer types. The mean time since diagnosis
was ∼11 y. Approximately one-third of the cancer survivors
had been diagnosed with cancer within 5 y of completing
the questionnaire assessing dietary supplement use. Compared
with individuals without cancer, cancer survivors were older,
more likely to be female, non-Hispanic whites, former smokers,
nondrinkers, and physically inactive, and had a higher level of
income and better diet quality.

Cancer survivors reported a significantly higher prevalence
of any dietary supplement use (70.4% vs 51.2%), MVM
supplement use (48.9% vs 36.6%), and supplement use for 11
individual vitamins and 8 minerals than individuals without
cancer (Table 2). The 5 most frequently used supplements for
individual vitamins or minerals were vitamin D, vitamin C,
calcium, vitamin E, and vitamin B-12. Cancer survivors also
reported a significantly higher prevalence of using nonvitamin,
nonmineral supplements, such as lutein or zeaxanthin, and EPA
or DHA. Male cancer survivors reported a significantly higher
prevalence of lycopene supplement use than male individuals
without cancer. After adjusting for age, sex, and race/ethnicity,
the prevalence of dietary supplement use remained significantly
higher among cancer survivors for use of any supplements,
MVM supplements, and supplements of vitamins D, C, and B-6,

folic acid, niacin, retinol, calcium, and lycopene (Supplemental
Table 2).

Compared with individuals without cancer, cancer survivors
had higher amounts of total nutrient intake for most nutrients
as well as nutrient intake from dietary supplements for
nearly all nutrients. In contrast, cancer survivors had a lower
nutrient intake from foods for most nutrients (Table 3). After
adjustments for age, sex, and race/ethnicity, cancer survivors
and individuals without cancer had similar total nutrient intake
for most nutrients but still had lower intake for niacin, folate,
magnesium, phosphorus, and fiber from foods (Supplemental
Table 3).

Cancer survivors had a lower prevalence of inadequate
nutrient intake (total nutrient intake < EAR or AI) for vitamins
A, C, D, and E and iron than did individuals without cancer. This
was largely contributed by a higher intake of these nutrients
from dietary supplements among cancer survivors as compared
with individuals without cancer (Table 3 and Table 4). However,
compared with individuals without cancer, cancer survivors
still had a higher proportion of individuals with inadequate
intake for folate, vitamin B-6, niacin, calcium, copper, and
phosphorus, which was attributable to a lower intake of these
nutrients from foods among cancer survivors. In addition,
compared with individuals without cancer, cancer survivors
had a higher proportion of individuals with excess nutrient
intake (total nutrient intake ≥ UL) for vitamin D, vitamin B-6,
niacin, calcium, magnesium, and zinc, although the prevalence
of individuals with excess nutrient intake was small, ranging
from 0.10% to 9.49% in cancer survivors and from 0.10%
to 6.26% in individuals without cancer. After adjustments for
age, sex, and race/ethnicity, cancer survivors still had a lower
prevalence of inadequate intake for vitamin D but a higher
prevalence of excess intake for calcium (Supplemental Table 4).

Among cancer survivors who used dietary supplements,
∼46% reported taking supplements on their own, 27% being
advised by doctor and 27% for both (Figure 1). Among
individuals without cancer, the percentage of those taking
supplements on their own, being advised by their doctor, or both
was 65%, 18%, and 17%, respectively. The top 5 reasons for
taking supplements were to improve overall health, to maintain
health, to support bone health, to supplement the diet, and
for heart health among both cancer survivors and individuals
without cancer.

Compared with those not using dietary supplements, cancer
survivors who used dietary supplements were older and more
likely to be women and non-Hispanic whites; had higher levels
of education, income, and better diet quality; and were less likely
to be current smokers, physically inactive, and overweight/obese
(Supplemental Table 5 and Supplemental Figure 2). Breast
cancer survivors reported the highest prevalence of dietary
supplement use among survivors of all cancer types.

Discussion

In a nationally representative sample of the noninstitutionalized
US adult population, a higher prevalence of dietary supplement
use was reported among cancer survivors compared with
individuals without a history of cancer. Overall, cancer survivors
had significantly high amounts of nutrient intake from supple-
ments but significantly lower nutrient intakes from foods for
the majority of the nutrients. The higher proportions of cancer
survivors with inadequate intakes for folate, vitamin B-6, niacin,
calcium, copper, and phosphorus were due to lower intakes of
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TABLE 1 Characteristics of adult cancer survivors and individuals without cancer, NHANES
2003–20161

Characteristics
Cancer survivors

(n = 2772)
Individuals without
cancer (n = 31,310) P

Age, y 62.3 ± 0.38 45.5 ± 0.22 <0.01
Age groups, n (%) <0.01

20–39 y 196 (8.51) 11,532 (39.5)
40–49 y 224 (11.8) 5634 (20.9)
50–59 y 353 (18.1) 4895 (18.4)
60–69 y 666 (24.1) 4824 (12.0)
70–79 y 782 (24.2) 2797 (6.14)
80–85 y 551 (13.4) 1628 (3.04)

Sex, n (%) <0.01
Male 1262 (40.0) 15,388 (49.1)
Female 1510 (60.0) 15,922 (50.9)

Race/ethnicity, n (%) <0.01
Non-Hispanic white 1844 (84.7) 13,297 (67.1)
Non-Hispanic black 450 (6.69) 6855 (11.8)
Hispanic 351 (4.89) 8326 (14.2)
Other 127 (3.76) 2832 (6.94)

Education, n (%) 0.33
Less than high school 690 (15.8) 8238 (17.1)
High school graduate/GED or equivalent 649 (22.6) 7296 (23.5)
Some college 783 (31.9) 8984 (31.5)
College graduate or above 648 (29.7) 6764 (27.9)

Family income to poverty ratio,2 n (%) 0.02
<1.30 895 (23.2) 11,639 (26.2)
1.30–2.99 880 (28.3) 9091 (27.3)
3.00–4.99 495 (22.1) 5617 (22.9)
≥5.00 502 (26.4) 4963 (23.6)

Smoking,3 n (%) <0.01
Nonsmokers 1212 (43.4) 17,239 (54.9)
Former smokers 1104 (39.0) 7241 (23.2)
Current smokers 454 (17.6) 6813 (21.9)

Alcohol4 (drinks/wk), n (%) <0.01
Nondrinkers 1320 (42.7) 11,621 (32.5)
Moderate drinkers 1202 (50.5) 15,551 (58.9)
Heavy drinkers 132 (6.82) 2121 (8.61)

Physical activity,5 n (%) <0.01
Active 1296 (50.8) 17,351 (59.9)
Inactive 1476 (49.2) 13,952 (40.1)

HEI-20156 60.0 ± 0.32 56.9 ± 0.17 <0.01
HEI-2015 quartile,6 n (%) <0.01

Q1 (0–50.6) 195 (14.5) 3900 (25.1)
Q2 (50.7–56.3) 312 (20.4) 4295 (24.7)
Q3 (56.4–62.4) 441 (27.9) 4765 (25.2)
Q4 (62.5–100) 643 (37.2) 5016 (25.0)

BMI,7 kg/m2 29.1 ± 0.17 28.8 ± 0.08 0.24
Weight status, n (%) 0.43

Underweight (BMI <18.5) 43 (1.62) 479 (1.59)
Normal weight (BMI = 18.5–24.9) 716 (27.3) 8606 (29.3)
Overweight (BMI = 25.0–29.9) 966 (34.0) 10,287 (33.1)
Obese (BMI ≥30.0) 1000 (37.2) 11,584 (36.0)

Primary diagnosis, n (%)
Breast cancer 475 (17.2) –
Prostate cancer 470 (10.7) –
Colon cancer 246 (7.04) –
Lung cancer 69 (2.49) –
Other cancer 1512 (62.5) –

Time since diagnosis, y 11.4 ± 0.29 –

(Continued)
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TABLE 1 (Continued)

Characteristics
Cancer survivors

(n = 2772)
Individuals without
cancer (n = 31,310) P

Time since diagnosis, n (%)
0–4.99 y 924 (31.1) –
5.00–9.99 y 637 (23.0) –
≥10.0 y 1211 (45.8) –

1Values are means ± SEss or number of observations (n) and percentages (%). All values were adjusted for survey weights. GED,
General Education Development; HEI, Healthy Eating Index; MVPA, moderate-to-vigorous physical activity.
2Represents the ratio of family income, the federal poverty threshold, adjusting for household size. For reference, the federal
threshold in 2014 for a family of 4 was $23,850/y. A family of 4 earning $44,123/y would have a ratio of 1.85.
3Smokers were defined as individuals who reported smoking ≥100 cigarettes during their lifetime, with former smokers defined as
not currently smoking and current smokers defined as currently smoking.
4Moderate drinkers were defined as individuals who reported drinking alcohol ≤1 drink/d for women and ≤2 drinks/d for men.
5Minutes per week of MVPA was calculated by summarizing minutes, with vigorous physical activities weighted at 2 min for each
minute of vigorous physical activity. Participants were classified as physically active if MVPA they met or exceeded 150 min/wk,
according to the CDC Physical Activity Guidelines for Americans (13).
6HEI-2015 measures adherence to the 2015 Dietary Guidelines for Americans, with higher scores corresponding to higher
adherence (14). HEI-2015 scores were categorized based on quartiles of HEI-2015 among individuals without cancer.
7BMI was calculated by dividing weight in kilograms by height in meters squared. Participants were classified as underweight (BMI
<18.5), normal weight (BMI = 18.5–24.9), overweight (BMI = 25–29.9), or obese (BMI ≥30).

these nutrients from foods, whereas the higher proportions of
cancer survivors with excess intakes for vitamin D, vitamin B-
6, niacin, calcium, magnesium, and zinc were contributed by
higher intakes of these nutrients from supplements. Nearly half
of the cancer survivors took dietary supplements on their own
without consulting their health care providers.

Prior cohorts of survivors with breast, prostate, and
colorectal cancers reported a prevalence of dietary supplement
in the range of 50–85% (2, 9–11). Our analysis among cancer
survivors who participated in a national representative sample
of US adults supported the high prevalence of dietary supple-
ment use among cancer survivors—70% of the cancer survivors
in the United States reported taking dietary supplements in
the past 30 d. Our analysis further revealed that, compared
with individuals without a history of cancer diagnosis, cancer
survivors reported a higher prevalence and dose for dietary
supplement use for nearly all nutrients being examined. While
dietary supplement use did contribute to a lower prevalence
of the cancer survivors with an inadequate intake for a few
nutrients, nearly half of the cancer survivors still had an
inadequate nutrient intake for vitamin D and vitamin E, more
than one-third of the cancer survivors had an inadequate intake
for calcium, and ∼20% had inadequate intake for vitamin A
and vitamin C. Importantly, cancer survivors had low intakes
of most of these nutrients from foods. We previously reported
that their amounts of nutrient intake from foods were far
below the recommended intake for several nutrients (e.g.,
vitamin D, vitamin E, potassium, fiber, and calcium) (25). The
consequence of these “shortfall nutrients” on health outcomes
of cancer survivors has not been well studied, although there
are some suggestions that serum markers of low vitamin D
status are associated with poor survival. For example, a meta-
analysis of 6 prospective cohort studies of 6092 breast cancer
survivors found that low circulating concentrations of 25-
hydroxyvitamin D [25(OH)D] were associated with increased
risk of breast cancer–specific and all-cause mortality (26). Such
findings have been further supported by a recent study of 1666
breast cancer survivors that reported worse overall survival
among women in the lowest tertile of 25(OH)D concentrations
compared with those in the highest tertile (27). The suboptimal
nutrient intake among cancer survivors could be due to the
long-lasting impact of cancer and its therapies on intake, and

likely an unmet need, given that a recent survey revealed that
nutrition care is severely lacking in the current delivery model
of outpatient oncology in the United States (28). Future efforts
are required to identify effective strategies to integrate nutrition
into oncology care for improving the nutritional intake of
cancer survivors.

It is important to note that the use of dietary supplements
also contributed to a higher prevalence of excess nutrient intake
in cancer survivors for a few nutrients, including niacin, calcium,
zinc, magnesium, vitamin D, and vitamin B-6. The overall
percentage of the cancer survivors with amounts of nutrient
intake exceeding the UL was low for most nutrients (i.e., <5%).
However, >5% of the cancer survivors had an excess intake
of niacin, calcium, and zinc. Our analysis suggested that the
excess intake of these nutrients is due to a higher intake of
these nutrients from supplements, not from foods. The potential
harm of high doses of dietary supplement use has been reported
by randomized controlled trials and prospective cohort studies.
For example, the Alpha-Tocopherol, Beta-Carotene Cancer
Prevention (ATBC) Study and the Beta-Carotene and Retinol
Efficacy Trial (CARET) found that supplemental use of β-
carotene (20 or 30 mg/d) increased the risk of lung cancer risk
among smokers (29, 30). The Selenium and Vitamin E Cancer
Prevention Trial (SELECT) reported that supplement use of
vitamin E (400 IU/d) increased the risk of prostate cancer among
men (31). From observational studies, the Cancer Prevention
Study (CPS) II Nutrition Cohort study found that high doses
of supplemental calcium intake (≥1000 mg/d) were associated
with an increased risk of all-cause mortality in men, whereas
lower doses (<1000 mg/d) or calcium intake from foods were
not associated with mortality (32). We recently reported that,
among the general US adult population who participated in the
NHANES 1999–2010, high calcium intake from supplements
(≥1000 mg/d) but not foods was associated with an increased
cancer mortality (8). There were also some suggestions that
vitamin D supplement use at ≥10 μg/d among individuals
with no signs of vitamin D insufficiency [serum 25(OH)D
concentrations ≥50 nmol/L] was associated with an increased
risk of all-cause mortality and cancer mortality. These findings
call for future studies to evaluate the short-term and long-
term health impact of dietary supplement use among cancer
survivors, especially supplement use at high doses.
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TABLE 2 Prevalence of dietary supplement use in adult cancer survivors and individuals without cancer in NHANES 2003–20161

Weighted % (95% CI)

Cancer survivors
(n = 2772)

Individuals without
cancer (n = 31,310) P

Any dietary supplements 70.4 (68.0–72.9) 51.2 (50.1–52.4) <0.012

Multivitamins/minerals 48.9 (46.3–51.6) 36.6 (35.5–37.6) <0.012

Vitamins
Vitamin D (μg/d) 55.8 (53.2–58.4) 38.3 (37.3–39.3) <0.012

Vitamin C (mg/d) 49.9 (47.1–52.7) 38.3 (37.3–39.3) <0.012

Vitamin E (mg/d) 47.3 (44.4–50.2) 35.4 (34.5–36.3) <0.012

Vitamin B-12 (μg/d) 47.3 (44.8–49.8) 36.0 (35.0–37.0) <0.012

Folic acid (DFE, μg/d) 45.6 (43.0–48.2) 34.5 (33.5–35.5) <0.012

Vitamin B-6 (mg/d) 45.5 (42.9–48.0) 34.7 (33.7–35.7) <0.012

Niacin (mg/d) 44.2 (41.6–46.8) 33.4 (32.4–34.4) <0.012

Riboflavin (mg/d) 42.7 (40.2–45.2) 32.4 (31.5–33.4) <0.012

Thiamin (mg/d) 42.6 (40.0–45.1) 32.4 (31.4–33.4) <0.012

Vitamin A (RAE, μg/d) 43.3 (40.7–45.8) 33.2 (32.3–34.1) <0.012

β-carotene (RAE, μg/d) 43.2 (40.6–45.8) 33.1 (32.2–34.0) <0.012

Retinol (RAE, μg/d) 40.1 (37.5–42.6) 29.7 (28.8–30.5) <0.012

Vitamin K (μg/d) 33.7 (31.3–36.1) 24.1 (23.3–24.9) <0.012

Choline (mg/d) 5.98 (4.61–7.34) 5.91 (5.48–6.33) 0.92
Minerals

Calcium (mg/d) 50.0 (47.6–52.4) 36.5 (35.5–37.4) <0.012

Zinc (mg/d) 42.5 (40.0–45.1) 32.2 (31.3–33.2) <0.012

Magnesium (mg/d) 41.0 (38.7–43.4) 30.2 (29.2–31.1) <0.012

Copper (mg/d) 38.3 (35.6–40.9) 28.1 (27.3–28.9) <0.012

Selenium (μg/d) 36.8 (34.3–39.4) 27.0 (26.1–27.9) <0.012

Potassium (mg/d) 30.2 (27.8–32.7) 21.0 (20.2–21.7) <0.012

Phosphorus (mg/d) 26.9 (24.4–29.3) 17.5 (16.8–18.2) <0.012

Iron (mg/d) 22.7 (20.4–25.1) 20.8 (20.0–21.6) 0.12
Other nutrients

Lycopene (μg/d) 31.3 (28.0–34.6) 18.9 (18.0–19.7) <0.012

Lutein or zeaxanthin (μg/d) 24.2 (21.9–26.5) 14.7 (14.1–15.4) <0.012

EPA or DHA (mg/d) 15.4 (13.2–17.6) 9.30 (8.56–10.0) <0.012

Fiber (g/d) 3.58 (2.49–4.67) 2.69 (2.36–3.03) 0.12

1Values are prevalences (95% CIs). The percentages (95% CIs) were adjusted for survey weights of NHANES. DFE, Dietary Folate Equivalents; RAE, Retinol Activity
Equivalents.
2Significant difference in the prevalence of dietary supplement uses between cancer survivors and individuals without cancer after multiple comparison adjustments using the
Benjamini-Hochberg procedure. The difference was considered statistically significant when the Benjamini-Hochberg–adjusted P value was less than the false discovery rate of
0.10 (21).

Nearly half of the cancer survivors used dietary supplements
on their own without consulting their health care providers,
which may reflect the lack of communication between cancer
survivors and their health care providers about dietary
supplement use during clinical visits. A previous study reported
that only 2% of the 1081 cancer survivors obtained advice
on dietary supplement use from a registered dietitian (33).
As expected, the main reasons for cancer survivors to use
dietary supplements were to improve and maintain overall
health and to supplement the diet (5), and supplement use
among cancer survivors was positively associated with high
levels of education and income and an overall healthy lifestyle
(5, 34).

Although our study has numerous strengths (e.g., a
population-based study with a large sample size and collection
of data using validated measures), there are some limitations
that need to be considered. First, cancer diagnosis was based
on self-report and may be associated with misclassification.
Second, cancer stage and treatment may affect survivors’ choices
of dietary supplement use. Such information was not captured
by NHANES and we were not able to assess how cancer
stage and treatment may impact dietary supplement use among

cancer survivors. In addition, NHANES does not provide
a sufficient number of cancer survivors to be evaluated by
specific cancer types. Thus, we did not assess whether dietary
supplement use varied by cancer types. Despite NHANES
being a nationally representative sample of noninstitutionalized
civilians in the United States, cancer survivors who participated
in NHANES do not directly represent the cancer survivors
in the general population due to the sampling strategies of
NHANES. However, the prevalence of some common cancers
estimated from NHANES and from the national program of
cancer registries such as the Surveillance, Epidemiology, and
End Results (SEER) program was largely similar. For example,
the estimated prevalence from NHANES 2013–2016 and SEER
2016 was 2.66% and 2.89% for female breast cancer, 0.56%
and 0.61% for colorectal cancer, and 0.20% and 0.22% for
lung cancer, respectively (35). Third, the prevalence and dose
of dietary supplement use were based on self-report and are
thus subject to recall bias. However, the NHANES documented
that the ingredient and dosage information was obtained from
the bottles and nutrition facts labels >75% of the time when
the interviews were conducted about dietary supplement use
(36), which reduces the measurement error due to recall bias.
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To improve my overall health

To maintain health
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To supplement diet (food not enough)
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To get more energy

For eye health
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For anemia, such as low iron

For prostate health (males only)

Other specify

Using Supplement on Own versus
Being Advised by Doctors

Reasons for Supplement Use

Cancer Survivors (n = 1355) 

Individuals without Cancer (n   = 10809)

(%)

FIGURE 1 Reasons for taking dietary supplements among cancer survivors and individuals without cancer in the United States, NHANES
2007–2016. Values are percentages, adjusted for survey weights of NHANES.

The self-reported dietary intake is also subject to measurement
error. The NHANES incorporated one or two 24-h diet recalls
per person, which do not capture long-term intake due to
large day-to-day variations in food intake. To improve the
estimation of usual intake, we applied the National Cancer
Institute method to reduce measurement errors associated with
dietary intake estimated using diet recalls. Fourth, because of
the cross-sectional nature of the NHANES, we were not able to
assess whether cancer survivors initiated the dietary supplement
use before or after cancer diagnosis and whether the dietary
supplement use persisted into later years. Last, the limited
sample size does not facilitate evaluating trends in dietary
supplement use among cancer survivors over various cycles of
NHANES.

Despite these limitations, our study provided a compre-
hensive assessment on the prevalence and dose of dietary
supplement use in cancer survivors in comparison to individuals
without cancer from a nationally representative sample of the
US population. We found that cancer survivors used dietary
supplements at a higher frequency and dose than individuals
without cancer but had an overall lower intake of nutrients
from foods. Although dietary supplement use contributed to a
lower prevalence of cancer survivors with an inadequate intake
for a few nutrients, it also contributed to a higher prevalence
of excess intake for other nutrients. Nearly half of the cancer
survivors used dietary supplements without consulting their
health care providers. These findings underscore the need for
health care providers to assess dietary supplement use among
cancer survivors and call for strategies to integrate nutrition into
oncology care for reducing inadequate nutrient intake among
cancer survivors.
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