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Abstract

A recent clinical trial found a protective role of niacinamide, a derivative of niacin, against skin 

cancer recurrence. However, there is no epidemiologic study to assess the association between 

niacin intake and risk of skin cancer [basal cell carcinoma (BCC), squamous cell carcinoma (SCC) 

and melanoma]. We prospectively evaluated whether total, dietary and supplemental niacin intake 

was associated with skin cancer risk based on 72,308 women in the Nurses’ Health Study (1984–

2010) and 41,808 men in the Health Professionals Follow-up Study (1986–2010). Niacin intake 

was assessed every 2 to 4 years during follow-up and cumulative averaged intake. Cox 

proportional hazard models were used to compute the hazard ratios (HR) and 95% confidence 

intervals (CI) and cohort-specific results were pooled using a random-effects model. During the 
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follow-up, we documented 23,256 BCC, 2,530 SCC and 887 melanoma cases. Total niacin intake 

was inversely associated with SCC risk; the pooled HR for top vs. bottom quintiles was 0.84 (95% 

CI = 0.74–0.95; ptrend = 0.08). However, there were a marginally positive association between total 

niacin intake and BCC risk; the pooled HR for top versus bottom quintiles was 1.05 (95% CI = 

1.01–1.10; ptrend < 0.01). Higher total niacin intake was also marginally positively associated with 

melanoma risk in men, but not in women. The results were similar in stratified analyses according 

to sun exposure related factors and by body location of melanoma and SCC. Our study supports a 

potential beneficial role of niacin intake in relation to SCC but not of BCC or melanoma.
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Niacin (vitamin B3, nicotinic acid) is largely unexplored in relation to risk of cancer.1–4 

Increased skin sensitivity to sun exposure is a well-known symptom of severe niacin 

deficiency (pellagra) in human,5 which is related with low nicotinamide-adenine 

dinucleotide (NAD) status and deficiencies in responding to ultraviolet (UV) damage.6

In several animal7,8 and human studies,9–11 topical or oral use of niacin and its derivative, 

nicotinamide(niacinamide) have reduced UV-induced immunosuppression, which was 

suggested to be a possible risk factor of skin cancer.12 However, niacin’s association with 

risk of skin cancer including melanoma and keratinocyte carcinoma (KC) is still unclear.

A recent randomized controlled phase 3 trial among KC patients found that oral 

nicotinamide supplementation of 1 g/d significantly reduced the rates of new KC and 

premalignant actinic keratosis.13 The study did not take into account either dietary or 

supplemental niacin/nicotinaminde intake. To our knowledge, there is no epidemiologic 

study to assess the associations between dietary niacin intakes and risk of skin cancer.

Therefore, we assessed the association between niacin intake and risk of skin cancer 

including basal cell carcinoma (BCC), squamous cell cancer (SCC) and melanoma based on 

prospective data from the Nurses’ Health Study (NHS, 1984–2010) and the Health 

Professionals Follow-up Study (HPFS, 1986–2010).

Material and Methods

Study population

The study population consisted of participants from the NHS and the HPFS. The NHS was 

initiated in 1976, when 121,700 US female registered nurses who were aged 30–55 years at 

the time of enrollment completed an initial questionnaire about their lifestyle and medical 

history. The HPFS consisted of 51,529 male health professionals aged 40–75 years who 

completed a questionnaire that inquired about medical history and lifestyle practices in 

1986. Details of the two cohorts have been described elsewhere.14–16 The questionnaire data 

about medical history and lifestyle factors was collected biennially in both cohorts. This 

study was approved by the Institutional Review Boards of Brigham and Women’s Hospital 

and Harvard School of Public Health.
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We followed participants for incident BCC, SCC and melanoma starting from 1984 in the 

NHS and 1986 in the HPFS. At baseline, 49,617 HPFS men and 81,685 NHS women 

completed the dietary questionnaire. Participants who had a history of any cancer were 

excluded. Owing to small number and low risk of skin cancer in nonwhite participants,17 

this study was restricted to participants of Caucasian ancestries. After exclusions, 41,808 

men and 72,308 women (total n = 114,116) remained in the present study.

Assessment of niacin intake and other dietary consumption

To assess dietary intake, this study used a food frequency questionnaire (FFQ) to collect 

dietary information in 1984 of the NHS, and in 1986 and every four years thereafter in both 

the NHS and HPFS. Participants responded to the questions regarding how often on average 

they had consumed each type of food during the previous year. Participants also reported 

their current use and dose of multivitamins and use of vitamin supplements biennially. Total 

niacin intake included intakes from both diet and supplements. In validation studies, dietary 

intake collected using the FFQ has been shown to be a valid estimator of relative food intake 

when compared with multiple diet records.18,19 The correlation coefficients ranged from 

0.67–0.78 in the NHS between intakes of major dietary sources and supplementation of 

niacin assessed on the FFQ and intakes assessed on two 1-week dietary records. Information 

on other dietary factors, including intakes of total energy, alcohol and citrus consumption, 

was also collected by the FFQs.

Assessment of other covariates

We collected and updated information on body weight, physical activity and cigarette 

smoking in men and women and menopausal status and post-menopausal hormone use in 

women biennially. In 1982 of the NHS and in 1992 of the HPFS, participants responded to 

questions regarding skin reaction to sun exposure as a child/adolescent; number of lifetime 

blistering sunburns (never, 1–2 times, 3–5 times or 6 or more times); average time spent in 

direct sunlight since high school.

Data on the following skin cancer associated factors was collected through the follow-up 

questionnaires20–22: current residence (assessed biennially), family history of melanoma 

(assessed multiple times); natural hair color (1982 in NHS and 1988 in HPFS); number of 

arm moles (none, 1–2, 3–5, 6–9, 10–14, 15–20, 21 or more moles; 1986 in NHS and 1987 in 

HPFS); and routine use of sunscreen (1986 in NHS and 1992 in HPFS). The cumulative UV 

flux that each study participant could have received over a period of time was estimated by 

summing then averaging the annual UV flux data based on residential history over the 

follow-up.23 Routine sunscreen use was defined as “yes” if the participants reported using 

sunscreen or sunblock with a Sun Protection Factor of 15 or more always or often when they 

were outside on a sunny day. The details of information about major skin cancer associated 

factors were reported previously.24

Assessment of BCC, SCC and melanoma cases

Biennially, participants had reported diagnoses of BCC, SCC and melanoma during the 

previous 2 years. We obtained permission from participants who reported SCC or melanoma 

to review their medical and pathological reports, which were reviewed by study physicians 
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to confirm the diagnoses. SCCs and melanomas were further classified into the following 

two subgroups according to tumor location related with the level of sun exposure: tumors on 

sites with higher sun exposure (head, neck and extremities), and tumors on sites with lower 

sun exposure (trunk). Although medical records were not obtained for self-reported cases of 

BCC, previous validation studies in the two cohorts have demonstrated a high accuracy of 

self-reported BCC, with around 90% confirmed by histopathology records.18,25,26

Statistical analysis

To better estimate long-term dietary intake and to minimize within-person variation, we used 

cumulative average of niacin intake up to that time prior to every 4-year follow-up interval 

(from baseline to the time of a censoring event). For example, in the HPFS, skin cancer 

incidence during 1990–1994 time period was related to the average niacin intake from the 

1986 and 1990 questionnaires. We used energy-adjusted niacin intake calculated from 

regression-residual method to reduce the confounding by energy intake and its correlated 

measurement error. If nutrients are not adjusted for total caloric intake, some of them may be 

associated with disease risk simply due to their correlation with total energy intake.27

We followed participants for incident BCC, SCC and melanoma starting from 1984 in the 

NHS and 1986 in the HPFS. Person-time of follow-up were calculated from the return 

month of the baseline questionnaire to the date of the first report of any cancer, date of 

death, or end of follow-up (January 1, 2010 for men; June 1, 2010 for women), whichever 

came first.

Cox proportional hazard models were used to compute the hazard ratios (HR) and 95% 

confidence intervals (CI) of BCC, SCC and melanoma associated with total, dietary and 

supplemental niacin intakes. Total and dietary niacin intakes were categorized into quintiles 

in each cohort with the lowest quintile as the reference. Total niacin intake was also explored 

into deciles to evaluate wider range of the intake in relation to skin cancer. Supplementary 

niacin intakes were categorized as following: none, 0.1–2.0, 2.1–10.0, 10.1–18.0 and > 18 

mg/d.

Multivariate analyses were performed with adjustment for family history of melanoma (yes 

vs. no), natural hair color (red, blonde, light brown, dark brown and black), number of arm 

moles (0, 1–2, 3–9 and ≥10),22 skin reaction to sun exposure as a child/adolescent (none/

some redness, burn, painful burn/blisters), number of lifetime blistering sunburns (0, 1–4, 5–

9 and ≥10), average time spent in direct sunlight since high school (<2, 2–5, 6–9 and ≥10 hr/

wk), cumulative UV flux since baseline (quintiles), body mass index (<25.0, 25.0–29.9, 

30.0–34.9 and ≥35.0 kg/m2), physical activity (quintiles), smoking status (never, past, 

current with 1–14, 15–24 or ≥25 cigarettes/d), intakes of total energy (quintiles), alcohol (0, 

0.1–4.9, 5.0–9.9, 10.0–19.9 and ≥20.0 g/d) and citrus intake (quintiles), which were known 

as other skin cancer risk factors20,21 and/or potential confounders.28–30 Analyses for women 

were also adjusted for menopausal status and postmenopausal hormone use. The most recent 

information for time-varying variables (e.g., body mass index) prior to each follow-up 

interval were used to take into account potential changes over the follow-up. Trend tests 

were performed by assigning median values for niacin intake categories and treating the new 

variable as a continuous term in the models. The analyses were performed among men and 
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women separately while different sets of covariates were adjusted for in NHS and HPFS and 

then pooled using a random-effects model to summarize the association between niacin 

intakes and skin cancer risk.

We performed several sensitivity analyses. First, we performed stratified analysis according 

to major sun exposure variables, including annual UV flux at residence, history of blistering 

sunburns and average time spent in direct sunlight since high school. Second, we also 

performed analyses for SCC and melanoma subtypes divided by tumor location (sites with 

higher sun exposure vs. sites with lower sun exposure). Third, as high-dose niacin has been 

used as cholesterol-lowering medication,31 and we did not have information on it, we 

performed a sensitivity analysis among participants without hypercholesterolemia. Fourth, 

total niacin intake was also explored into deciles to evaluate wider range of the intake in 

relation to skin cancer. We used SAS software version 9.2 (SAS Institute, Cary, NC) for all 

statistical analyses. All statistical tests were two-tailed, and the significance level was set at 

p < 0.05.

Results

Age-adjusted characteristics of participants according to the total niacin intake are shown in 

Table 1. Participants with higher intake of total niacin tended to be slightly older and to have 

higher levels of physical activity. Major contributors of total niacin intake included 

multivitamins, B vitamin supplements, and food items including red meat, poultry, fish, 

coffee and breakfast cereal in the cohorts. (Supporting Information Table S1)

During 24–26 years of follow-up, we documented 23,256 BCC, 2,530 SCC and 887 

melanoma cases. Table 2 presents the associations between total niacin intakes and risk of 

skin cancer. The mean levels of total niacin intake for bottom versus top quintiles were 17.9 

vs. 84.1 mg/d for women and 21.5 vs. 115.7 mg/d for men. Total niacin intake was inversely 

associated with risk of SCC in women (HR for top vs. bottom quintiles = 0.80; 95% CI = 

0.67–0.95), while this trend was not significant in men (HR for top vs. bottom quintiles = 

0.89; 95% CI = 0.74–1.07). In a pooled analysis, there was a marginally inverse association 

between total niacin intake and risk of SCC; the pooled HR for top vs. bottom quintiles was 

0.84 (95% CI = 0.74–0.95; ptrend = 0.08). Total niacin intake was weakly positively 

associated with risk of BCC in men only: the adjusted HR for extreme quintiles was 1.08 

(95% CI = 1.01–1.15; ptrend = 0.07). In a pooled analysis, there was no significant 

association between total niacin intake and melanoma risk; the pooled HR for top vs. bottom 

quintiles was 1.18 (95% CI = 0.77–1.81; ptrend = 0.07). However, in the HPFS, there was a 

marginally positive association between total niacin intake and melanoma risk; the adjusted 

HR for top vs. bottom quintiles was 1.48 (95% CI = 1.07–2.05; ptrend = 0.05). The 

multivariable pooled HRs for top versus bottom deciles of total niacin intake were 1.05 

(95% CI = 0.98–1.11; ptrend < 0.001) for BCC, 0.74 (95% CI = 0.62–0.90; ptrend = 0.01) for 

SCC and 1.14 (95% CI = 0.79–1.64; ptrend = 0.58) for melanoma.

We assessed the association between niacin intakes from food and from supplements 

separately and did not find any significant associations between dietary niacin intake and 

any skin cancer except a week positive association in men only (Supporting Information 
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Table S2). Niacin intake from supplements was weakly positively associated with increased 

risk of BCC, but not with SCC and melanoma; the pooled HR for BCC was 1.08 (95% CI = 

1.04–1.12; ptrend < 0.001) for participants who took supplementary niacin >18 mg/d 

compared with none users (Supporting Information Table S3). In a sensitivity analysis 

adjusting for both dietary niacin intake and supplemental niacin intake in the model 

simultaneously, no material differences in trends were found (data not shown).

Stratified analysis according to sun exposure related factors showed similar trends between 

orally taken niacin and risk of skin cancer (Supporting Information Table S4). When we 

performed analyses for SCC and melanoma subtypes divided by tumor location (sites with 

higher sun exposure vs. sites with lower sun exposure), the overall pattern of associations 

remained consistent by body location of SCC and melanoma (Table 3).The multivariable 

pooled HRs on the body sites with higher sun exposure (head, neck and extremities) for top 

versus bottom quintiles of total niacin intake were 0.85 (95% CI = 0.73–0.98; ptrend = 0.10) 

for SCC and 1.05 (95% CI = 0.77–1.42; ptrend = 0.38) for melanoma. The results for SCC 

and melanoma of on the body sites with lower sun exposure (trunk and mucosa) were 

similar but did not reach statistical significance. When we performed a sensitivity analysis 

among participants without hypercholesterolemia (Table 4), the inverse association between 

total niacin intake and risk of SCC seemed to be slightly stronger than primary analysis; the 

pooled HR for top vs. bottom quintiles was 0.80 (95% CI = 0.67–0.96; ptrend = 0.04). And 

there was no significant association between total niacin intake and the risks of BCC and 

melanoma. When we performed a sensitivity analysis by additionally adjusting for use of 

sunscreen, the overall associations remained similar (data not shown).

Discussion

In this pooled analyses of the two large cohort studies, total niacin intake was associated 

with modestly decreased risk of SCC, while no protective associations were found for BCC 

or melanoma. Instead, there was a suggestion of positive association with BCC risk. The 

associations were similar when body site location of SCC and melanoma were evaluated. 

When we examined stratified analysis according to sun exposure related factors and 

sensitivity analysis among participants without hypercholesterolemia, these trends remained 

similar.

Niacin is a nutrient largely unexplored in relation to cancer risk. Nicotinamide is a niacin 

derivative. Dietary niacin in natural food converts to nicotinamide in cooking process or in 

the body. Breakfast cereal, multivitamins, and B vitamin supplements often contain 

nicotinamide as niacin. Niacin and nicotinamide are considered identical in their role as 

vitamins and used for coenzymes NADH and NHDPH, which are involved in numerous 

enzyme reactions including ATP formation.32 However, they have different pharmacological 

effect. For example, unlike nicotinamide, high dose of niacin lowers cholesterol and thus has 

been used as cholesterol-lowering medication and can cause vasodilation, skin flushing, 

headache and hypotension.31,33

Previous studies have suggested a protective role of niacin on development of KC. Several 

animal studies have demonstrated that nicotinamide treatment reduced UV-induced 
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immunosuppression.8,34 Nicotinamide also was known to enhances DNA repair in UV-

irradiated human HaCaT keratinocytes and ex vivo human skin.9 Other studies have 

suggested that niacin might protect the skin against UV radiation–induced DNA damage 

through cellular processes including DNA repair, genomic stability and transcription.35–38 A 

randomized controlled phase 2 trial in heavily sun-damaged individuals also found that oral 

nicotinamide significantly reduced premalignant actinic keratosis, a precursor for SCC.39 

Furthermore, a recent phase 3 randomized trial of daily administration of 1 g nicotinamide 

supplement for 12 months in 386 KC patients also found a chemopreventive effect of 

nicotinamide on development of new KC, especiallySCC.13 The estimated reduction in the 

rate of new SCC was 30% (p = 0.05) for nicotinamide group, while that was 20% for new 

BCC without statistical significance (p = 0.12).13

Consistent with these findings, there was a modest inverse association between total niacin 

intake and risk of SCC in our study. The inverse association was consistent by body location 

of melanoma sun exposure related factors. The association was somewhat stronger in decile 

analysis and after excluding participants with hypercholesterolemia to reduce 

misclassification of niacin intake due to those taking niacin as lipid-lowering medication.

However, orally taken niacin from diet and/or supplements was not inversely related but was 

rather weakly positively associated with BCC risk. As one of the major sources of niacin 

intake is multivitamins, we cannot exclude the possibility that other components in 

multivitamins might have masked the inverse association. Earlier studies from our group 

found that risk of BCC was increased among those with higher intakes of vitamins A, C and 

E, and folate,15 while there were weak and nonsignificant inverse associations between 

intake of retinol and folate and risk of SCC.16 Although both BCC and SCC originate from 

keratinocytes, their biological pathways and interactions with niacin intakes could be 

different. In addition, it might be partially due to the difference of disease confirmation 

method between SCC and BCC: SCC cases were confirmed by medical records, while the 

diagnosis of BCC was assessed based on self-reports without pathological validation. 

Although our participants were nurses or health professionals and validity of their self-report 

of BCC was proven to be high in previous studies.18,25,26 There was still a higher possibility 

of misclassification of BCC. It is possible that people who are more health conscious and 

taking multivitamins and B vitamin supplements may get skin examination more frequently 

and diagnosis of BCC. Then, we would find a positive association between higher niacin 

intake and BCC as we observed.

To our knowledge, there is no prospective epidemiologic study on the association between 

niacin intake and risk of KC. Niacin intake in our population was much lower than the dose 

of nicotinamide used in the clinical trials. Recommended Daily Allowance (RDA) of niacin 

was set to 16 mg/d for adult male and 14 mg/d for adult female with 35 mg/d as upper limit.
40 In our populations, due to common use of multivitamins, the means of bottom quintiles of 

total niacin intake were close to RDA. This suggests that over 80% of our participants 

consumed over RDA of niacin. However, the mean values of the top quintiles of total niacin 

intake were far lower than the dose used in the clinical trials. We still found an inverse 

association with SCC, especially evaluating decile of total niacin intake. Further studies are 

needed to investigate this association in other populations and explore the underlying 
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mechanisms as well as dose-response relationship. It is also unknown whether niacin and 

nicotinamide would have a similar effect on SCC risk.

We did not find a protective association between niacin intake and melanoma risk. On the 

other hand, there was a marginally positive association between total niacin intake and 

melanoma risk in men only. This could be due to chance given that it was found only in one 

cohort. Or there could be other mechanisms to counterbalance the hypothesized protective 

effect of niacin on skin cancer development. Niacin is one of the common medication for 

dyslipidemia,31 as it is involved in steroid hormone synthesis. Niacin could accentuate sex 

hormone synthesis, which could lead to melanocyte progression. Melanocytes are known to 

have estrogen and androgen receptors,41 and previous studies suggested that cutaneous nevi 

might be a marker of plasma estrogen hormone level42,43 and higher estrogen exposure 

could increase the risk of cutaneous melanoma.44–46 However, little is known about the 

association between niacin intake and sex hormone levels, and future studies are needed to 

identify the underlying mechanisms.

This study has several strengths. Our study had a prospective design, large number of skin 

cancer cases, long-term follow-up over 24–26 years, repeated assessment of dietary and 

lifestyle factors, and the ability to adjust for a number of potential confounders. Our study 

also has several limitations. First, our study population were Caucasians and well-educated 

health professionals, which may not be representative of the US general population. Future 

replication studies will be needed with sufficient power to detect similar associations among 

other ethnicities. Second, although we controlled for several strong predictors of skin cancer 

risk, we cannot exclude residual confounding by those factors or other unknown factors. 

Third, the case numbers of melanoma were not as high as that of BCC or SCC, and the 

possibility of limited power in our study could not be excluded. Fourth, we did not have 

information on niacin use to lower cholesterol levels. However, the proportion of 

participants using this medication would be relatively small. Fifth, although random effects 

model was used to pool the data, the possible heterogeneity due to difference in some 

variables across the NHS and HPFS cohorts is another important limitation of the meta-

analytic approach.

In conclusion, we found a potential beneficial role of orally taken niacin in relation to risk of 

SCC but not in BCC or melanoma. Further work is warranted to confirm our findings and 

identify relevant mechanisms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What’s new?

Niacin (vitamin B3) and its derivative niacinamide have been shown to reduce UV-

induced immunosuppression, which has been suggested to be a possible risk factor of 

skin cancer, in both mice and humans when used topically or orally. A recent clinical trial 

has also found a protective role of niacinamide against skin cancer recurrence. The 

association between niacin intake and risk of skin cancer however remains unclear. In this 

prospective U.S. study, the authors found a potential beneficial role of niacin intake in 

relation to risk of squamous cell carcinoma but not of basal cell carcinoma or melanoma.
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