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Abstract
Purpose Despite the increasing popularity of supplement use among the cancer community, the current evidence on its effect 
on mortality in large studies is inconclusive. This study examined the association of dietary supplement use with mortality 
risk in a large population-based cohort.
Methods This prospective cohort study analyzed data from the UK Biobank on participants who were diagnosed with can-
cer before July 31, 2019 and self-reported whether they had regular intake of dietary supplements (vitamins, minerals, or 
non-vitamin non-mineral [NVNM] supplements) after cancer diagnosis. The associations between the use of supplements 
with mortality were analyzed using Cox proportional hazards models, adjusting for confounders (sociodemographic factors, 
lifestyle and comorbidities).
Results This analysis included 30,239 participants (mean age: 60.0 years; 61.9% female). Over half (57.8%) were supple-
ment users. At a median follow-up of 11.9 years, 5577 all-cause deaths were registered. A marginal protective effect of sup-
plement use on the risk of all-cause (adjusted hazard ratio [aHR] = 0.95, 95% CI = 0.90–0.99) and cancer (aHR = 0.89, 95% 
CI = 0.83–0.95) mortality were found, but not the risk of mortality due to other causes. In subgroup analyses, only NVNM 
dietary supplements were significantly associated with a lower risk of all-cause mortality (aHR = 0.88, 95% CI = 0.83–0.93). 
Both vitamins (aHR = 0.93, 95% CI = 0.87–0.99) and NVNM dietary supplements (aHR = 0.88, 95% CI = 0.82–0.94) were 
associated with a modest decrease in cancer mortality which were marginally significant.
Conclusions This is one of the largest cohort studies that identified the associations of dietary supplements with survival in 
the cancer population. However, the associations are small and should be interpreted cautiously due to the variations among 
different supplements and the small effect size. Future studies should investigate the effect of individual supplements, par-
ticularly NVNM supplements, on improving other cancer-related outcomes.
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Introduction

The global cancer burden is expected to grow exponentially 
by 50% over the next two decades [1]. The resulting needs 
arising from the booming population of cancer patients and 
survivors demand greater attention. Patients and survivors 
of cancer who are treated with conventional therapies often 
experience treatment-related toxicities and chronic symp-
toms [2]. The use of traditional, complementary, and inte-
grative medicines (TCIM) is becoming common among 
patients with cancer to improve cancer outcomes, manage 
the complications of therapies and cancer-related symptoms, 
and address their holistic needs [3]. A recent systematic 
review reported that approximately half of cancer patients 
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worldwide used TCIM in 2018, demonstrating a significant 
increase in use from 25% prior to 1990 [3]. Of the TCIM 
modalities, dietary supplements are the most commonly 
used by patients with cancer in the US (36–81%) [4, 5] and 
the UK (41%)[6].

Dietary supplements refer to products taken orally that 
contain “dietary ingredients” (such as vitamins, minerals, 
herbs, amino acids) that are intended to supplement the diet 
and are marketed for use in dosage form [7, 8]. Evidence 
for the association between the use of dietary supplements 
and cancer-related outcomes, such as overall survival and 
mortality, is conflicting and inconclusive [9–13]. There are 
also concerns about the generalizability of the findings of 
previous studies and reviews, as many have focused on vita-
mins and mineral supplements and have paid less attention 
to the effects of herbal and other supplements [9, 13–15]. 
Moreover, most studies have been conducted in patients with 
breast cancer only, which may not be generalizable to other 
cancer types [11–13, 16, 17]. Furthermore, previous studies 
usually focused on the effects of a single supplement [9, 18]. 
While these studies provide more precise estimates for the 
efficacy/effectiveness of individual supplements, they may 
not address real-world scenarios and practice settings, where 
dietary supplement users tend to take combinations of sup-
plements or multi-ingredient products [5, 11, 19].

With the overarching aim of mimicking real-life clinical 
scenarios, where patients may take multiple types/classes of 
supplements, this study examined the association between 
the overall use of dietary supplements by patients diagnosed 
with cancer and the risk of mortality (all-cause and cause-
specific mortality) in a large population-based cohort in the 
UK. In addition, the study explored the associations between 
the use of different classes of supplements (vitamins, miner-
als, and non-vitamin non-mineral [NVNM] dietary supple-
ments) and the risk of mortality.

Methods

This study was registered with the UK Biobank (ref.: 74158), 
and is reported according to the STROBE (STrengthening 
the Reporting of OBservational studies in Epidemiology) 
guidelines [20].

Study population

The UK Biobank is a large population-based cohort of 
approximately 500,000 participants in the UK. It facilitates 
investigation of a wide range of complex diseases of mid-
dle and old age [21]. The UK Biobank study first recruited 
participants aged 40–69 across the UK from 2006 to 2010 

and has since conducted repeated assessments. The methods 
used have been reported in detail elsewhere [21].

In this study, participants were excluded if (1) they had 
not been diagnosed with malignant cancer at any time from 
prior to baseline recruitment to subsequent follow-up visits 
or (2) they were not recruited in subsequent visits after their 
cancer diagnosis to provide responses to questions related 
to the use of dietary supplements.

Cancer ascertainment

UK Biobank is linked to national cancer registries (Health 
and Social Care Information Centre and the National Health 
Service Central Register) [22]. Cancer diagnoses were coded 
according to the International Classification of Diseases, 9th 
and 10th revisions (ICD-9 and ICD-10). We included only 
malignant neoplasms (ICD-9: 140–208; ICD-10: C00–C97), 
except non-melanoma skin cancer (ICD-9: 173; ICD-10: 
C44), that had been diagnosed on or before July 31, 2019 
(the censoring date of the cancer registry when the data set 
was acquired).

Ascertainment of the use of supplements

The participants were asked “Do you regularly take any of 
the following?” and they were provided with a list of sup-
plements in a touchscreen questionnaire. If the participants 
forgot to record any answers or took supplements that were 
not listed, they were able to provide the missing details dur-
ing a verbal interview. The type of supplements that were 
considered in this study included vitamins; minerals; and 
NVNM dietary supplements, such as herbs and amino acids. 
The ingredients that were classified as supplements are listed 
in Supplementary Table 1.

Supplement users were defined as those who selected any 
of the supplements mentioned in the touchscreen question-
naire or listed any supplements at the interview stage during 
any of the assessments (baseline or follow-up) after the date 
of their cancer diagnosis. Participants who did not provide 
answers to the questions (did not select any of the supple-
ments or indicated “None of the above”) in the touchscreen 
questionnaire and did not state the use of any supplements 
during their verbal interviews were excluded.

Ascertainment of mortality outcomes

The UK Biobank obtained comprehensive mortality data 
(date and cause of death) from the Information Centre (Eng-
land and Wales) and the National Health Service Central 
Register Scotland [21]. ICD-10 codes were used in the death 
records to identify the causes of death. In the current study, 
all-cause and specific mortality due to cancer (C00–C97), 
cardiovascular diseases (CVD, I00–I99), respiratory diseases 
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(J09–J98), digestive diseases (K20–K93), and nervous sys-
tem diseases (G00–G99) were analyzed. The participants 
were followed up from the date of recruitment (2006–2010) 
until the date of death or the end of the follow-up period 
(March 23, 2021 or earlier if they were lost to follow-up), 
whichever occurred first.

Assessment of confounders

Potential confounders commonly associated with the use of 
dietary supplements were selected a priori based on data 
from the literature [3, 6, 23–26]. These included sociodemo-
graphic information (sex, age, Townsend Deprivation Index 
score, and educational level) and lifestyle behaviors (smok-
ing status, alcohol consumption, physical activity, fruit and 
vegetable intake, and body mass index [BMI]), which were 
collected from the baseline touchscreen questionnaire. Clini-
cal confounders included cancer types, age at cancer diagno-
sis and comorbidities [24, 26]. The Charlson Comorbidity 
Index (CCI) was used to quantify the comorbidity burden 
of the participants prior to their cancer diagnosis [27]. The 
details of the confounders are presented in Supplementary 
Table 1.

Statistical analyses

Descriptive statistics were used to summarize the pattern 
of supplement use among cancer patients in the cohort and 
the baseline characteristics of the participants. Multiple 
imputation with chained equations was used to deal with 
missing values and reduce inferential bias [28]. All of the 
factors included in the multivariate model were included in 
the imputation model. As the proportion of missing data was 
small (< 5%) for all of the covariates, five imputed data sets 
were deemed sufficient [29]. Logistic regression analysis 
was performed to verify the significant associations between 
the pre-identified confounders listed in the previous section 
(Supplementary Table 2).

Associations between the use of dietary supplements 
and the risk of all-cause and cause-specific mortality were 
analyzed using Cox proportional hazards models. Three 
models were run, including a crude model (Model 1); a 
model adjusted for age and sex (Model 2); and a model fully 
adjusted for factors identified a priori, including age, sex, 
socioeconomic factors, lifestyle factors, cancer types, age at 
cancer diagnosis, and CCI score (Model 3). Index date was 
defined as the date of primary cancer diagnosis. A compet-
ing risk analysis was performed to measure the associations 
between supplement use and cancer mortality, while con-
sidering death due to causes other than cancer as compet-
ing risks. Subgroup analyses were performed for different 
classes of supplements (vitamins, minerals, and NVNM die-
tary supplements) and their combinations. Stratified analyses 

were performed to assess the potential modifying effects of 
factors identified earlier, using the pre-determined groupings 
presented in Supplementary Table 1.

Three sensitivity analyses were performed. First, all of 
the analyses described above were repeated using the non-
imputed data set. Second, the association between supple-
ment use and the risk of cancer mortality were analyzed 
without considering competing risks. Third, the analyses 
were repeated after excluding all patients diagnosed with 
cancer before 2006 (the initial year of recruitment for the 
UK Biobank cohort), to reduce the possibility of survival 
bias. All of the statistical analyses were performed using R, 
version 4.0.3. A p value < 0.05 was considered statistically 
significant.

Results

Baseline characteristics

Of the 502,412 total participants in the cohort, participants 
were excluded if (1) they had not been diagnosed with 
malignant cancer at any time from prior to baseline recruit-
ment to subsequent follow-up visits (n = 446,233) or (2) they 
were not recruited in subsequent visits after their cancer 
diagnosis and, therefore, had not provided answers to ques-
tions related to the use of dietary supplements (n = 25,940). 
Finally, 30,239 participants were included in the analysis 
(Supplementary Fig. 1).

The mean age of the participants upon cohort entry 
was 60.0 (SD = 7.0) years, and 61.9% of them were female 
(Table 1). The mean age at first cancer diagnosis was 52.8 
(SD = 10.3 years). More than half (n = 17,464, 57.8%) of 
the participants reported the use of supplements after their 
cancer diagnosis. Most supplement users reported the use 
of dietary supplements (non-vitamin, non-mineral and 
non-herbal) (n = 12,460, 41.2%), followed by vitamins 
(n = 12,043, 39.8%) (Fig. 1). Fish oil (n = 10,234, 33.8%) and 
multivitamins (n = 6959, 23.0%) were the most commonly 
used individual supplements. Around 70% of the supplement 
users (n = 11,991/17,464) took more than one supplements, 
and more than half (n = 10,222/17464, 58.5%) of them used 
multiple categories of supplements. The top three combi-
nations are multivitamins–fish oil (n = 4324, 14.3%), glu-
cosamine–fish oil (n = 3999, 13.2%) and vitamin D–calcium 
(n = 2991, 9.9%).

Compared with non-users, those who reported supple-
ment use were more likely to be female, have a higher soci-
oeconomic status, and be more educated (Supplementary 
Table 2). Supplement users generally had a healthier life-
style, as they were less likely to be obese or current smokers, 
were more physically active, and had higher fruit and veg-
etable intake. They also tended to have higher comorbidity 
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Table 1  Baseline characteristics of eligible participants (N = 30,239)

Overall
(n = 30,239)

% Supplement user
(n = 17,464)

% Non-user
(n = 12,775)

% P

Sociodemographics
 Sex  < 0.001
  Male 11,523 38.1 5828 33.4 5695 44.6
  Female 18,716 61.9 11,636 66.6 7080 55.4

 Age attending assessment centres (Mean ± SD) 60.0  ± 7.0 60.6  ± 6.6 59.2  ± 7.3  < 0.001
 Townsend deprivation index (Mean ± SD)  – 1.5  ± 3.0  – 1.5  ± 3.0  – 1.3  ± 3.1  < 0.001
 Annual household income (£)
  < 18 000 7230 23.9 4174 23.9 3056 23.9 0.66
  ≥ 18 000 18,145 60.0 10,418 59.7 7727 60.5
  Missing 4864 16.1 2872 16.4 1992 15.6

 Ethnic background 0.40
  White 29,247 96.7 16,859 96.5 12,388 97.0
  Asian 311 1.0 190 1.1 121 0.9
  Black 300 1.0 185 1.1 115 0.9
  Mixed 136 0.4 83 0.5 53 0.4
  Others 168 0.6 96 0.5 72 0.6
  Missing 77 0.3 51 0.3 26 0.2

 Education 0.04
  College or university degree 9206 30.4 5393 30.9 3813 29.9
  Below degree 20,672 68.4 11,842 67.8 8830 69.1
  Missing 361 1.2 229 1.3 132 1.0

Lifestyle
 BMI (Mean ± SD) 27.4  ± 4.8 27.2  ± 4.7 27.8  ± 4.9  < 0.001
 Smoking status  < 0.001
  Never 15,466 51.2 9124 52.2 6342 49.6
  Former 11,924 39.4 6931 39.7 4993 39.1
  Current 2701 8.9 1327 7.6 1374 10.8
  Missing 148 0.5 82 0.5 66 0.5

 Alcohol consumption 0.50
  Never 1339 4.4 762 4.4 577 4.5
  Former 1294 4.3 765 4.4 529 4.2
  Current 27,572 91.2 15,917 91.1 11,655 91.2
  Missing 34 0.1 20 0.1 14 0.1

 Physical activities (min/week)  < 0.001
  ≥ 150 20,065 66.3 11,916 68.2 8149 63.8
  < 150 9425 31.2 5153 29.5 4272 33.4
   Missing 749 2.5 395 2.3 354 2.8

 Fruit intake (servings/day)  < 0.001
  < 2.0 7524 24.9 3550 20.3 3974 31.1
  2.0–3.9 12,434 41.1 7222 41.4 5212 40.8
  4.0–5.9 6285 20.8 3985 22.8 2300 18.0
  ≥ 6.0 3941 13.0 2683 15.4 1258 9.9
  Missing 55 0.2 24 0.1 31 0.2

 Vegetable intake (servings/day)  < 0.001
  < 2.0 1634 5.4 768 4.4 866 6.8
  2.0–3.9 8227 27.2 4583 26.2 3644 28.5
  4.0–5.9 10,575 35.0 6179 35.4 4396 34.4
  ≥ 6.0 9639 31.9 5855 33.5 3784 29.6
   Missing 164 0.5 79 0.5 85 0.7
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burden, were older at cancer diagnosis, and diagnosed with 
cancers that have poorer average prognosis.

Associations of supplement use with all‑cause 
mortality and cause‑specific mortality

At a median follow-up of 11.9 years (IQR = 10.2–13.6 years), 
5577 all-cause deaths were registered. Cause-specific mor-
tality included 4208 cancer-related deaths, 516 CVD-related 
deaths, 213 respiratory disease-related deaths, 145 diges-
tive disease-related deaths, and 126 nervous system dis-
ease-related deaths. In all three models (crude, age and sex-
adjusted, and multivariate), significant inverse associations 
were found between supplement use and the risk of all-cause 

and cancer-related mortality (Table 2). The adjusted haz-
ard ratios (aHRs) associated with supplement use were 0.95 
(95% confidence interval [CI] = 0.90–0.99, p = 0.04) for all-
cause mortality and 0.89 (95% CI = 0.83–0.95, p < 0.001) for 
cancer-related mortality. No significant associations were 
observed between supplement use and the risk of cause-
specific mortality due to CVD, respiratory, digestive, or 
nervous system diseases.

Subgroup analyses were performed to analyze the asso-
ciations of different classes of supplements and their combi-
nations with all-cause and cause-specific mortality (Table 3 
and Supplementary Table 3). For all-cause mortality, Only 
NVNM dietary supplements were significantly associated 
with a lower risk of all-cause mortality (aHR = 0.88, 95% 
CI = 0.83–0.93, p < 0.001) in the multivariate model. The 
use of both vitamins (aHR = 0.93, 95% CI = 0.87–0.99, 
p = 0.04) and NVNM dietary supplements (aHR = 0.88, 
95% CI = 0.82–0.94, p < 0.001), was associated with a small 
decrease in the risk of cancer-related mortality. The com-
bined use of vitamins with NVNM supplements and all three 
types of supplements were associated with a lower risk of 
all-cause and cancer-related mortality (aHR = 0.85–0.91, all 
p < 0.05). Notably, mineral supplements were found to be 
associated with an increased risk of mortality due to respira-
tory (aHR = 1.53, 95% CI = 1.12–2.11, p = 0.008) and diges-
tive diseases (aHR = 1.56, 95% CI = 1.06–2.31, p = 0.03), 
and similar findings were observed for the combined use 
of vitamins and minerals (aHR = 1.57–1.64, all p < 0.03).

Stratified analyses were conducted and significant interac-
tions were found between supplement use and sex on the risk 
of all-cause mortality and cancer-related mortality (p = 0.02) 

a The top six cancer diagnoses are listed here
b False discovery rate-adjusted P values for multiple testing
Bold values indicate the statistical significance P < 0.05

Table 1  (continued)

Overall
(n = 30,239)

% Supplement user
(n = 17,464)

% Non-user
(n = 12,775)

% P

Clinical
 Cancer  diagnosisa

  Breast 10,267 34.0 6608 37.8 3659 28.6  < 0.001a

  Male genital organs 4882 16.1 2609 14.9 2273 17.8  < 0.001a

  Digestive organs 3386 11.2 1794 10.3 1592 12.5  < 0.001a

  Female genital organs 2876 9.5 1702 9.8 1174 9.2 0.15 a

  Primary, of lymphoid, haematopoietic and related tissue 2459 8.1 1298 7.4 1161 9.1  < 0.001a

  Malignant melanoma of skin 2454 8.1 1401 8.0 1053 8.2 0.59 a

 Age at first cancer diagnosis (Mean ± SD) 52.8  ± 10.3 53.3  ± 10.1 52.2  ± 10.6  < 0.001
 Baseline comorbidities 0.008
  Yes 16,930 56.0 9892 56.6 7038 55.1
  No 13,309 44.0 7572 43.4 5737 44.9

 Charlson comorbidity scores (Median [range] ± IQR) 2 [2–13]  ± 0 2 [2–13]  ± 0 2 [2–11]  ± 0  < 0.001

Fig. 1  Pattern of supplement use among cancer patients in the UK 
Biobank cohort (n = 30,239)
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(Supplementary Fig. 2). The associations between supple-
ment use and a lower risk of mortality were observed among 
female patients, but not male patients. No significant inter-
action effects were observed between supplement use and 
other sociodemographic, lifestyle, or clinical factors on the 
risks of all-cause or cancer-related mortality, indicating that 
the observed associations were not significantly modified by 
other specific risk factors.

Sensitivity analyses

The results of our sensitivity analyses of the associations 
between the overall use of dietary supplements and all-cause 
and cause-specific mortality were mostly consistent with the 
results of the main analyses (Supplementary Table 4). Sig-
nificant inverse associations between supplement use and 
all-cause and cancer-related mortality were still observed 
when we analyzed the non-imputed data set. However, the 
associations between supplement use and all-cause mortal-
ity were not observed after excluding participants who were 
diagnosed with cancer before 2006.

For the subgroup sensitivity analyses that only included 
patients diagnosed with cancer after 2006, the use of mineral 
supplements was associated with a lower risk of all-cause 
mortality (aHR = 0.90, 95% CI = 0.85–1.00, p < 0.05) and 
cancer-related mortality (aHR = 0.85, 95% CI = 0.75–0.96, 
p = 0.01) but the associations were borderline significant 
(Supplementary Tables 5 and 6). Similarly, the associations 
between NVNM supplement use and mortality were insig-
nificant in this sensitivity analysis. All the combinations 

were associated with a lower risk of all-cause and cancer-
related mortality (p < 0.05). No significant associations were 
observed between supplement use and other types of cause-
specific mortality.

Discussion

This is one of the largest prospective cohort studies to inves-
tigate the association between supplement use and the risk 
of mortality in cancer patients. The large sample and the 
availability of well-defined mortality data from UK Biobank 
enabled analyses that considered a wide range of potential 
confounders and different categories of supplements. Previ-
ous studies have mainly focused on the effect of individual 
supplements; however, in our study, we found that more than 
half of the participants consumed more than one classes of 
supplements. Hence, this warranted our approach to ana-
lyze supplements as a whole and by categories rather than 
by individual supplements. It provided a broader picture 
of how supplements use as a growing phenomenon among 
patients with cancer can impact their mortality outcomes. 
We found that the use of supplements was associated with 
a modest reduction in the risk of all-cause mortality and 
cancer-related mortality, after adjusting for clinically rel-
evant confounders. Of the three types of supplements ana-
lyzed, the use of NVNM dietary supplements was associated 
with a lower risk of all-cause and cancer-related mortality, 
while vitamin use was associated with a marginally lower 
risk of cancer-related mortality. Our findings should be 

Table 2  Association of supplement use with risk of overall and cause-specific mortality

a Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, socio-economic (Townsend deprivation index score and education level), 
lifestyle behaviors (BMI, fruit and vegetable consumption, smoking and alcohol status, physical activity), age at cancer diagnosis, Charlson 
Comorbidity Index, cancer types
b Competing risk analysis considering death due to causes other than cancer as competing risks
Bold values indicate the statistical significance P < 0.05

Death among 
users

Death among 
non-users

Model 1 (Crude) p value Model  2a p value Model  3a p value

N (%) N (%) Hazard ratio 
(95% CI)

Hazard ratio 
(95% CI)

Hazard ratio 
(95% CI)

All-cause mortal-
ity

3104 (17.8) 2473 (19.4) 0.89 (0.84–0.94)  < 0.001 0.91 (0.86–0.96)  < 0.001 0.95 (0.90–0.99) 0.04

Cancer  mortalityb 2290 (13.1) 1918 (15.0) 0.85 (0.80–0.90)  < 0.001 0.87 (0.81–0.92)  < 0.001 0.89 (0.83–0.95)  < 0.001
CVD mortality 294 (1.7) 222 (1.7) 0.93 (0.78–1.11) 0.43 0.96 (0.81–1.15) 0.67 1.07 (0.89–1.27) 0.48
Respiratory dis-

ease mortality
124 (0.7) 89 (0.7) 0.98 (0.75–1.29) 0.89 0.96 (0.73–1.27) 0.77 1.11 (0.84–1.47) 0.47

Digestive disease 
mortality

89 (0.5) 56 (0.4) 1.12 (0.80–1.57) 0.51 1.18 (0.84–1.66) 0.34 1.30 (0.92–1.84) 0.13

Nervous system 
disease mortal-
ity

82 (0.5) 44 (0.3) 1.31 (0.90–1.89) 0.16 1.25 (0.86–1.81) 0.24 1.22 (0.84–1.78) 0.29
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Table 3  Subgroup analyses of association of supplement use with risk of overall and cause-specific mortality

a Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, socio-economic (Townsend deprivation index score and education level), 
lifestyle behaviors (BMI, fruit and vegetable consumption, smoking and alcohol status, physical activity), age at cancer diagnosis, Charlson 
Comorbidity Index, cancer types
b Competing risk analysis considering death due to causes other than cancer as competing risks
Bold values indicate the statistical significance P < 0.05

Death among 
users

Death among 
non-users

Model 1 (Crude) Model  2a Model  3a

N (%) N (%) Hazard ratio 
(95% CI)

p value Hazard ratio 
(95% CI)

p value Hazard ratio 
(95% CI)

p value

Vitamins
 All-cause mor-

tality
2134 (17.7) 3443 (18.9) 0.94 (0.89–0.99) 0.02 1.01 (0.95–1.06) 0.78 0.99 (0.93–1.04) 0.63

 Cancer 
 mortalityb

1578 (13.1) 2630 (14.5) 0.91 (0.85–0.97) 0.002 0.96 (0.90–1.02) 0.18 0.93 (0.87–0.99) 0.04

 CVD mortality 195 (1.6) 321 (1.8) 0.92 (0.77–1.10) 0.36 1.05 (0.88–1.25) 0.61 1.08 (0.90–1.29) 0.43
 Respiratory dis-

ease mortality
88 (0.7) 125 (0.7) 1.07 (0.81–1.40) 0.64 1.16 (0.88–1.53) 0.30 1.20 (0.91–1.59) 0.20

 Digestive dis-
ease mortality

63 (0.5) 82 (0.5) 1.17 (0.84–1.62) 0.36 1.32 (0.94–1.84) 0.10 1.32 (0.94–1.85) 0.10

 Nervous system 
disease mor-
tality

51 (0.4) 75 (0.4) 1.03 (0.72–1.48) 0.85 1.11 (0.77–1.60) 0.56 1.06 (0.74–1.53) 0.75

Minerals
 All-cause mor-

tality
1152 (18.0) 4425 (18.6) 0.94 (0.88–1.01) 0.08 1.05 (0.99–1.13) 0.12 1.06 (0.99–1.13) 0.11

 Cancer 
 mortalityb

840 (13.1) 3368 (14.1) 0.90 (0.84–0.97) 0.008 0.98 (0.91–1.06) 0.67 0.97 (0.90–1.05) 0.46

 CVD mortality 99 (1.5) 417 (1.8) 0.87 (0.70–1.08) 0.20 1.09 (0.87–1.36) 0.46 1.12 (0.89–1.40) 0.34
 Respiratory dis-

ease mortality
56 (0.9) 157 (0.7) 1.30 (0.95–1.76) 0.10 1.51 (1.10–2.07) 0.01 1.53 (1.12–2.11) 0.008

 Digestive dis-
ease mortality

37 (0.6) 108 (0.5) 1.25 (0.86–1.82) 0.24 1.55 (1.06–2.28) 0.03 1.56 (1.06–2.31) 0.03

 Nervous system 
disease mor-
tality

28 (0.2) 98 (0.4) 1.04 (0.68–1.59) 0.85 1.19 (0.77–1.84) 0.42 1.13 (0.73–1.74) 0.59

Other dietary 
supplements 
(non-vitamin 
non-mineral)

 All-cause mor-
tality

2147 (16.9) 3430 (19.6) 0.81 (0.77–0.85)  < 0.001 0.78 (0.74–0.82)  < 0.001 0.88 (0.83–0.93)  < 0.001

 Cancer 
 mortalityb

1603 (12.6) 2605 (14.9) 0.80 (0.76–0.86)  < 0.001 0.79 (0.74–0.84)  < 0.001 0.88 (0.82–0.94)  < 0.001

 CVD mortality 203 (1.6) 313 (1.8) 0.82 (0.68–0.97) 0.02 0.76 (0.63–0.91) 0.002 0.93 (0.77–1.11) 0.41
 Respiratory dis-

ease mortality
81 (0.6) 132 (0.8) 0.77 (0.58–1.02) 0.07 0.69 (0.52–0.91) 0.009 0.87 (0.65–1.16) 0.33

 Digestive dis-
ease mortality

51 (0.4) 94 (0.5) 0.68 (0.48–0.96) 0.03 0.65 (0.46–0.92) 0.02 0.83 (0.58–1.18) 0.30

 Nervous system 
disease mor-
tality

65 (0.5) 61 (0.3) 1.32 (0.93–1.88) 0.12 1.15 (0.80–1.64) 0.44 1.15 (0.80–1.64) 0.44
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interpreted cautiously considering the small effect sizes. 
Moreover, the associations were small and could be due to 
other unmeasured confounders not able to be addressed in 
this study besides supplement usage. Nevertheless, these 
results derived from real-world data have significant impli-
cations for the development of future research priorities for 
evaluating the role of supplements in cancer care. This will 
subsequently lead to refinement of guidelines and recom-
mendations for the evidence-informed use of supplements 
by cancer patients.

Our finding that vitamin and NVNM dietary supplement 
use reduced mortality was consistent with previous results. 
For example, a study of four cohorts of breast cancer sur-
vivors revealed the potential protective effects of vitamin 
C and E and multivitamins against the risk of death [17], 
while recent reviews and meta-analysis suggested the poten-
tial role of vitamin D in increasing cancer survival rates [9, 
10, 30, 31]. Our findings suggested a consistent association 
between NVNM dietary supplement use and reduced mor-
tality. However, evidence for the benefits of NVNM dietary 
supplements is relatively limited compared with that of vita-
mins. A meta-analysis showed that omega-3 supplementa-
tion increased overall survival in pancreatic cancer patients 
[32], while preliminary evidence showed some survival ben-
efits in patients taking fish oil supplements [33, 34]. Overall, 
our study supported the finding of these studies that vita-
mins and NVNM dietary supplements may confer survival 
benefits to cancer patients in general. Future studies should 
continue to explore the potential benefits of these supple-
ments, especially NVNM supplements, in cancer patients 
and survivors.

There are multiple potential mechanisms, whereby these 
supplements have a protective effect against cancer-related 
mortality. First, while inflammation is involved in the patho-
physiology of cancer [35, 36], elevated concentrations of 
inflammatory markers, such as C-reaction protein, have been 
shown to be associated with an increase in all-cause mortal-
ity and cancer-related mortality [37, 38]. Many vitamins and 
NVNM supplements, such as vitamin D [39], coenzyme Q10 
[40], fish oil [34, 41], and glucosamine [41, 42], have anti-
inflammatory effects. Another potential mechanism is the 
alteration of metabolism. For example, omega-3 may help 
correct cancer cachexia, which is a common syndrome that 
is inversely associated with cancer survival [32, 43]. Further 
clinical or epidemiological studies are needed to confirm 
other potential mechanisms, such as antioxidative effects of 
various supplements via modulating intracellular signaling 
pathways of cancer cells and the microenvironment [44, 45], 
as well as to explore in depth the potential benefits of sup-
plements for clinical outcomes that affect mortality and the 
quality of life of patients diagnosed with cancer, and whether 
specific groups of patients may benefit more from dietary 
supplementation.

Nevertheless, our findings regarding mineral supplement 
use and mortality remained inconclusive. Our main analysis 
suggested that minerals may lead to higher rates of mortal-
ity among cancer patients, whereas the sensitivity analysis 
suggested otherwise. This discrepancy may be attributable to 
differences in treatment efficacy, as patients diagnosed with 
cancer before 2006 may have received less effective can-
cer treatment, leading to an increase in susceptibility to late 
effects and a higher risk of mortality. As treatment data were 
not available for this cohort, we were unable to explore its 
confounding effects. Therefore, our results should be inter-
preted cautiously in view of changes in cancer treatment 
strategies over time and the consequent potential for survival 
bias. Future data enhancements (such as the availability of 
information about cancer treatment) in the UK Biobank may 
enable more comprehensive analyses of the effect of dietary 
supplementation on mortality [46].

Our findings obtained from real-world data may help to 
optimize current policies and recommendations for the use 
of TCIM in cancer patients, particularly in low- and middle-
income countries, where TCIM modalities play an important 
role in primary health care [47]. Our finding that vitamins 
and NVNM dietary supplements may have potential protec-
tive effects may guide the future recommendation of such 
low-cost and easily accessible supplements to improve can-
cer outcomes globally, after validation of its effectiveness 
and safety in randomized trials on specific supplements. 
International collaboration and effectively implemented mul-
tinational randomized trials and large-scale observational 
studies are needed to generate high-quality evidence on the 
effectiveness and safety of supplements. If these supplemen-
tations are found to be effective and safety, their usage in 
routine cancer care would benefit patients worldwide.

Despite using a large sample and a prospective observa-
tional design with well-characterized mortality outcomes, 
this study has some potential limitations. First, the use of 
dietary supplements after the cancer diagnosis was entirely 
self-reported, potentially leading to recall inaccuracies dur-
ing the verbal interviews and introducing immortal time 
bias [48]. There may be time periods between patients being 
diagnosed with cancer and the questionnaire assessments 
or interviews that could be misclassified as users or non-
users. Therefore, our results may have to be interpreted cau-
tiously. Second, there were a range of supplements included 
in the study which have different pharmacological effects. 
The small associations found in the study may, therefore, be 
due to other confounders not addressed instead of supple-
ments alone. Besides cancer treatment data, some informa-
tion, including cancer staging, indications for supplement 
use, and the use of other TCIM, is also not available. The 
stage of cancer may affect the cancer prognosis and mor-
tality rate, while may also influence the decision on sup-
plement use. Future studies can include these questions to 
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obtain a more complete picture of supplement or TCIM use 
among cancer patients. Furthermore, the UK Biobank study 
is known to have a low participation rate and a selection 
bias toward healthy volunteers with relatively low mortal-
ity rates and healthy lifestyles [49]. All of the participants 
provided information on supplement use at baseline but to 
avoid potential misclassification, we only included patients 
who also reported their supplement use status after their can-
cer diagnoses in this analysis. This has led to the exclusion 
of a considerable number of subjects from our analysis as 
only half of participants who completed baseline assessment 
were invited or recruited in the repeated assessment visit 
or subsequent studies by the UK Biobank. However, many 
studies have shown that this cohort may still provide valid 
inferences of risk factors and exposure-disease associations 
that are generalizable [49, 50]. To further increase the gen-
eralizability of the findings, they should be further validated 
in other large cohorts, with data on overall supplement use 
rather than just data for a few individual supplements.

Conclusions

More than half of the participants in the UK Biobank cohort 
reported using supplements after their cancer diagnosis, 
reflecting the popularity of supplement use among the adult 
cancer population. The use of supplements was associated 
with a small reduction in the risk of all-cause mortality and 
cancer-related mortality, after adjusting for clinically rel-
evant factors. However, these associations should be inter-
preted cautiously due to the variations among supplements 
and the small effect size, and therefore, the effects may be 
not due to supplements alone but other unmeasured con-
founders. These findings warrant future research, including 
multinational randomized trials and large-scale observa-
tional studies, to investigate the potential of specific supple-
ments, particularly NVNM supplements, in improving clini-
cal outcomes that affect mortality and other key outcomes 
in patients with cancer, thereby guiding the integration of 
dietary supplements into routine cancer care in the future.
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