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Abstract
A history of melanoma is associated with increased risks of Parkinson's disease (PD). We
examined whether hair color, one of the most important phenotypes of pigmentation and a risk
factor for melanoma, was associated with PD risk in the Health Professionals Follow-up Study
(HPFS) (1986-2002) and the Nurses' Health Study (NHS) (1980-2002). We included 38,641 men
and 93,661 women, free of PD at baseline. Information on natural hair color in early adulthood
(age 18-21 years) was assessed via a questionnaire. We also conducted a case-control study (298
PD cases) nested in these two cohorts to examine the association between the melanocortin1-
receptor (MC1R) Arg151Cys polymorphism and PD risk. Relative risks (RRs) were estimated
using Cox proportional hazards models in the cohort analyses and conditional logistic regression
in the nested case-control study. Log RRs from the two cohorts were pooled using a fixed-effects
model. PD risk increased with decreasing darkness of hair color. Pooled RRs for PD were 1(ref.),
1.40, 1.61, and 1.93 (95% CI: 1.1, 3.4) for black, brown, blonde, and red hair, after adjusting for
age, smoking, ethnicity and other covariates. The associations between hair color and PD were
particularly strong for younger onset of PD (<70 y) (adjusted RR for red vs. black hair=3.83; 95%
CI: 1.7, 8.7). In the case-control study, participants with Cys/Cys genotype, which was associated
with red hair, had a higher PD risk, relative to the Arg/Arg genotype (adjusted RR=3.15; 95% CI:
1.1, 9.4). These findings suggest a potential role of pigmentation in PD.

An increased risk of Parkinson's disease (PD) among individuals with melanoma has been
reported in a few studies, 1-4 but not all.5 Conversely, individuals with PD seem to have an
increased risk of melanoma,6 and questions have been raised over whether the association
was, at one point, attributed to an adverse effect of PD medicines.7-9

Hair color, one of the most important phenotypes of pigmentation, is largely determined by
the quantity, quality, and distribution of the melanin and individuals with red hair have an
approximately three-fold higher risk of melanoma than those with black hair. 10, 11 We,
therefore, examined the relationship between hair color and PD risk among 131,821 US men
and women who participated in the two large ongoing prospective cohorts, the Health
Professionals Follow-up Study (HPFS) and the Nurses' Health Study (NHS). In a secondary
analysis, we examined the associations between the melanocortin 1 receptor (MC1R)
Arg151Cys polymorphism, an important genetic determinant of hair color and risk factor for
melanoma, 10, 12-18 and PD risk in a prospective case-control study nested within the
HPFS and NHS cohorts.
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Subjects and Methods
Study population

The HPFS was established in 1986, when 51,529 male US health professionals (dentists,
optometrists, osteopaths, podiatrists, pharmacists, and veterinarians) aged 40-75 completed a
mailed questionnaire regarding their medical history and lifestyle. The NHS cohort was
established in 1976, when 121,700 female registered nurses responded to a similar
questionnaire. The overall response rate is greater than 94% in the HPFS and the NHS
follow-up has been 95% of potential person-years in the overall cohort.

Information on natural hair color in the HPFS was assessed in 1988 with the question
“Which of the following most closely describes the nature color of your hair at age 18?”,
with five possible responses: black, dark brown, light brown, blonde, or red. A similar
question on natural hair color at age 21 was asked in the NHS in 1982.

Dietary intakes were assessed every four years with validated semi-quantitative food
frequency questionnaires beginning in 1986 in the HFPS and 1980 in the NHS. 19, 20
Information on age, ethnicity, weight, height, smoking status, and use of non-aspirin non-
steroid anti-inflammatory drugs was collected through biennial questionnaires. Body mass
index (BMI) was calculated as weight (kg) / height (m) 2. We also asked the major ancestry
in 1986 for the HPFS and 1992 for the NHS. Possible responses include southern European,
Scandinavian, other Caucasian, African-American, Asian, and others.

In the current study, we used 1986 as baseline for the HFPS and 1980 for the NHS.
Participants who had been previously diagnosed with PD or those who did not report hair
color information were excluded, leaving 38,641 men and 93,661 women for further
analyses. Both studies were approved by the Human Research Committees at the Harvard
School of Public Health and the Brigham and Women's Hospital.

Ascertainment of PD
We identified new PD cases by biennial self-reported questionnaires.21, 22 We then asked
the treating neurologists to complete a questionnaire to confirm the diagnosis of PD or to
send a copy of the medical records. A case was confirmed if a diagnosis of PD was
considered definite or probable by the treating neurologist or internist, or if the medical
record included either a final diagnosis of PD made by a neurologist, or evidence of at least
two of the three cardinal signs (rest tremor, rigidity, bradykinesia) in the absence of features
suggesting other diagnoses. The review of medical records was conducted by the
investigators, blind to the exposure status. Overall, the diagnosis was confirmed by the
treating neurologist in 81% of the cases, by the treating internist without further support in
the remaining 16%, and by review of the medical records in 3%. We also requested the
death certificates of the deceased study participants and identified PD diagnoses that were
not reported in the regular follow-up (less than 2 percent). If Parkinson's disease was listed
as a cause of death on the death certificate, we requested permission from the family to
contact the treating neurologist or physician and followed the same procedure as for the non-
fatal cases. In this analysis, only definite and probable PD cases were included as in our
previous studies. 22-24

Nested case-control study
We collected blood samples from 32,825 women in the NHS in 1989-90 and 18,018 samples
from men in the HPFS during 1993-95. We have been using the “swish and spit” method
with mouthwash to collect cheek cells from participants who did not provide blood samples
in the NHS and HPFS since 2001.
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Men and women with both a PD diagnosis and an available DNA sample were included as
cases in this study. For each case, up to six controls were matched by cohort (and thus
gender), birth year, and source of DNA (blood for 235 PD cases, and cheek smear for 63).
Controls were randomly selected among cohort participants at risk of developing PD at the
time of diagnosis of the matched case.

We used Taqman to genotype the Arg151Cys polymorphism which is the SNP most
consistently associated with melanoma risk in previous studies.10, 12-18 This
polymorphism is a loss of function variant resulting in an overproduction of pheomelanin
and, consequently, red hair. Laboratory personnel were blinded to case-control status and
blinded quality control samples were inserted to validate genotyping procedures;
concordance for the blinded samples was 100%. A total of 298 cases and 1289 controls were
available for genotyping. Of these, 272 cases and 1185 controls were successful genotyped
and included in the current analyses.

Statistical analysis
In the cohort analyses, we computed the person-time of follow-up for each participant from
the return date of the baseline questionnaire (1986 for the HPFS and 1980 for the NHS) to
the date of the occurrence of the first symptoms of PD, the date of death, or the end of
follow up (2002), whichever came first. Natural hair color at age 18-21 was categorized into
four categories (black, brown, blonde, and red) and relative risks (RRs) were calculated by
dividing the incidence rate in each category by the rate in the category of black hair color in
each cohort. Multivariate adjusted RRs were derived from Cox proportional hazard models
controlling for age (in months), smoking status (never smoker, past smoker, or current
smoker: cigarettes/d, 1-14 or ≥ 15), ethnicity (Caucasian, African-American, and Asian and
others), BMI (<23, 23-24.9, 25-26.9, 27-29.9, or ≥30 kg/m2), use of non-steroid anti-
inflammatory drug (yes/no), and intake of alcohol(none, 1-4.9, 5-9.9, 10-14.9, or ≥15 g/d for
women; none, 1-9.9, 10-19.9, 20-29.9, or ≥30 g/d for men), caffeine (quintiles), and lactose
(quintiles). Log RR from the two cohorts were pooled by a fixed-effects model, weighted by
the inverse of their variances as significance tests did not suggest heterogeneity between
cohorts (P>0.1). 25

We also examined potential interactions between hair color and age of onset, smoking status
(never vs. ever), and caffeine intake (based on median intake) by adding multiplicative terms
in the Cox models, adjusting for other potential confounders. To test robustness of our
results, we conducted a sensitivity analysis by restricting to PD cases diagnosed by
neurologists.

In the nested case-control study, we used conditional logistics regression models to estimate
RRs of PD associated with the MC1R Arg151Cys variant and their 95% CIs. In addition to
conditioning on the matching factors (sex and age), we further adjusted for other potential
cofounders mentioned above. We used a χ2 test to assess whether the MC1R genotypes were
in Hardy-Weinberg equilibrium among the controls. The SAS statistical package (version 9:
SAS Institute, Cary, NC) was used for all analyses. All statistical tests are two-sided.

Results
We documented 264 PD cases in men and 275 in women during 16-22 years of follow-up.
Participants with red hair were more likely to be Whites, to smoke, and consume larger
amounts of alcohol and lactose, than those with black hair color (Table 1), but no differences
were observed with respect to other covariates.
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Risk of PD increased monotonically with decreasing darkness of hair color (Table 2). When
we further adjusted for ethnicity, the associations were attenuated but blonde (RR=1.61,
95% CI: 1.03, 2.51) and red hair color (RR=1.93, 95% CI: 1.08, 3.43) remained significantly
associated with a higher PD risk, relative to those with black hair. Further adjustment for
major ancestry of participants (southern European, Scandinavian, other Caucasian, African-
American, and Asian and others) did not materially change these associations (data not
shown).

We found a significant interaction between hair color and age of onset of PD (P for
interaction=0.01). The adjusted RRs for risk of PD onset <70 y (approximate median value
of age of onset) were 1(ref.), 2.25, 2.73, and 3.83 (95% CI: 1.7, 8.7; P=0.001) for black,
brown, blonde, and red hair color, respectively, after adjusting for ethnicity and other
covariates (Figure 1). In contrast, hair color was not significantly associated with risk of PD
onset at 70+ years. We did not find significant interactions between hair color and smoking,
or caffeine intake on PD risk (P for interaction > 0.5 for both).

In the sensitivity analysis, we saw similar associations between hair color and PD risk when
restricting to the PD cases diagnosed by neurologists. The RRs across categories of hair
color were 1.0(ref.), 1.43, 1.49, and 2.05 (95%CI: 1.10, 3.81), after adjusting for ethnicity
and other covariates. Restricting analyses to Caucasians generated similar associations
between hair color and PD risk; the adjusted RRs across categories of hair color were
1.0(ref.), 1.32, 1.55, and 1.85(95%CI: 1.03, 3.34).

In the nested case-control study, the genotype distributions of the MC1R Arg151Cys were in
Hardy-Weinberg equilibrium among controls (P=0.19). We observed that MC1R Cys/Cys
variant, which leads to loss-of-function of the receptors, was significantly associated with
red hair color; the RR comparing Cys/Cys homozygotes with Arg/Arg homozygotes was 57
(95% CI: 7.3, 457). The Cys/Cys genotype was associated with a higher PD risk, relative to
the Arg/Arg genotype (adjusted RR=3.15; 95% CI: 1.06, 9.37) (Table 3).

We further examined the combined effects of red hair color and the MC1R Arg151Cys
polymorphism. Participants with red hair plus carrying Cys/Cys variant were more than four
times (RR=4.9, 95% CI: 1.5, 16.2) more likely to have PD relative to those who did not have
red hair and did not carry the Cys allele (Table 3). The interaction between Arg151Cys
polymorphism and red hair was not significant (P=0.23).

Discussion
In this prospective study including 132,302 men and women, we found that lighter hair color
was associated with a higher PD risk; participants with red hair had approximately a two-
fold higher risk of PD relative to those with black hair. The observed associations were
independent of ethnicity, smoking, caffeine intake, and other known risk factors for PD and
the associations were particularly strong for younger onset of PD (<70 y). We also found
that participants homozygous for the MC1R Arg151Cys variant allele had a significantly
increased risk of PD.

Our findings suggest that the higher frequency of melanoma occurring among individuals
with PD may be at least in part explained by the associations of both diseases with a lighter
hair color and the MC1R Arg151Cys variant allele, rather than being an adverse effect of
levodopa treatment as previously suggested. 7, 8 In a recent prospective case-control study
including 8090 PD cases based on the national Danish Hospital Register, Olsen et al found
an increased prevalence of melanoma before a diagnosis of PD 1. The OR was 1.44 (95%
CI: 1.0, 2.0) for developing PD relative to population-based controls.1 In the PD patients
who participated in the DATATOP (deprenyl and tocopherol antioxidative therapy of
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parkinsonism) trial, the observed incidence of melanoma during ∼4.5 years of follow-up was
significantly higher than expected in the general population, with a standardized event ratio
of 3.3 (95%CI: 1.1, 7.8) and the increased incidence of melanoma was not associated with
levodopa therapy.2 In a case-control study based on the Rochester Epidemiology Project
(PD case =196), Elbaz et al reported that PD patients tended to have a higher risk of
melanoma (OR=1.5, 95% CI: 0.3, 9.0).4 However, most of these studies did not control for
ethnicity and other ethnicity-relevant dietary habits and lifestyle factors, which may
confound the observed melanoma-PD associations.

The exact mechanisms underlying the increased risk of PD associated with light hair or
MC1R gene variants is not known. However, it is plausible that pigmentation metabolism,
and genes that encode these proteins, may be involved in the pathogenesis of PD. Melanin,
like dopamine, is synthesized from the amino acid tyrosine. A major pathological feature of
PD is an abnormal loss of neuromelanin-containing cells within the substantia nigra.
Neuromelanin has a chemical structure similar to that of melanin. A large body of evidence
suggests that neuromelanin could be neuroprotective by scavenging redox active metals
(e.g., iron), toxic metals (e.g., mercury and lead), and organic toxic compounds(e.g.,
pesticides).26 However, neuromelanin synthesis could be regulated by different enzymes
than those in peripheral melanogenesis. 27 Alternatively, skin melanin could have a
protective role by binding environmental toxins.28

Melanin is a mixture of polymers with different physicochemical properties.29 Mammalian
melanocytes can produce two basic types of melanin, brown/black eumelanin and yellow/
red pheomelanin. Hair color is one of most important phenotype of pigmentation, with a
recessive trait.30 The MC1R gene encodes a 317-amino acid seven-pass-transmembrane G
protein coupled receptor.30 Homozygote or compound heterozygote variant MC1R
genotype carriers are generally red haired because of overproduction of pheomelanin.30, 31

Difference in pigmentation also reflects differences in ethnicity as well as ancestry. This
could explain partially the observed relationship between hair color, MC1R polymorphism
and PD risk. Africans and Asians carry less MC1R variants responsible for red hair and in
some studies, 32-34 but not all,35, 36 Africans or Asians were found to have a lower PD
prevalence than Caucasians. However, the difference in PD prevalence could be due to
ascertainment biases or differences in demographic structure. 34, 36 Two studies, 37, 38
which compared PD incident rates among different ethnic groups living in the same region,
generated conflicting results. Among members of the Kaiser Permanente Medical Care
Program of Northern California, Van Den Eeden et al. found that PD incidence was lower in
African Americans compared with non-Hispanics Whites and Hispanics, 37 whereas
Mayeux et al. reported that Blacks had a significant higher incident rate of PD relative to
Whites living in Northern Manhattan, 38 although the period of follow-up (three years) of
the latter study was rather short to obtain stable estimates of PD incidence. Even among
individuals of the same race, however, a lighter skin color was associated with a higher PD
risk.39 In a case-control study including 509 newly diagnosed PD in Northern California,
Tanner et al found that darker skin color was inversely associated with PD risk among
Caucasians (OR=0.46; 95% CI: 0.28, 0.78) and African-Americans (OR=0.60; 95% CI:
0.38, 0.94).39 Although the association between hair color and PD risk remained significant
after further controlling for ethnicity and major ancestry, a possibility of residual
confounding cannot be ruled out.

Alternately, the MC1R gene variants could also contribute excessive PD via mechanisms
other than its effects on pigmentation. For example, α-melanocyte-stimulating hormone (α-
MSH), the MC1R ligand, has anti-inflammatary effects in the brain and immune modulating
effects. 40, 41 It reduces NFκB activity and therefore, down-regulates production of nitric
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oxide, oxygen peroxide, and several cytokines, such as IL-6.40, 41 These have been
suggested to have an unfavorable role in PD.42-44 MC1R has been detected in human
periaqueductal gray matter,45 and the MC1R red-hair variants have been associated with a
higher risk and severity of multiple sclerosis.46 Administration of α-MSH
(intraperitoneally) has also been shown to prevent damage in brainstem ischemia and
rescues neurons from excitotoxic cell death induced by kainic acid.47-49 These studies,
together with our findings, suggest that MC1R or related genes could have a role in
neurodegenerative diseases.

We observed a stronger association between hair color and PD risk for relative younger
onset of PD (<70 y, based on median value) than those with age of onset greater than 70
years. This observation suggests a possible important role of pigmentation genes in the
etiology of PD. However, we were not able to examine whether hair color is associated with
early-onset PD (<50 y), which has been shown to be strongly associated with genetic
factors.50

A limitation of our study is reliance on self-reported hair color, which could introduce non-
differential misclassification and attenuate the association between hair color and PD risk.
Although known PD risk factors were adjusted in our analysis, we cannot exclude the
possibility of confounding by unknown risk factors. Also, the clinical diagnosis of PD is not
perfect, and some degree of diagnostic error is thus likely. In a large clinicopathological
study, however, the positive predictive value of a clinical diagnosis of PD has been found to
be 90% or higher,51 and bias from this source is thus likely to be modest. We observed a
similar significant association between hair color and PD risk when we restricted to PD
cases diagnosed by neurologists.

In summary, we found that individuals with light hair and those homozygous for the MC1R
Arg151Cys allele of Cys have an increased risk of PD. Our findings suggest a potential
important role of pigmentation or ethnicity in PD, and may in part explain the higher than
expected co-occurrence of PD and melanoma.
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Figure 1.
Hair color and relative risk for Parkinson's disease onset < 70 or ≥ 70 years (approximate
median value of age of onset). Adjusted for sex, age (in month), smoking(never smoker, past
smoker, or current smoker: cigarettes/d, 1-14 or ≥ 15), ethnicity (Caucasian, African-
American, and Asian and others), BMI (<23, 23-24.9, 25-26.9, 27-29.9, or ≥30 kg/m2), use
of non-steroid anti-inflammatory drug (yes/no), and intakes of alcohol(none, 1-4.9, 5-9.9,
10-14.9, or ≥15 g/d for women; none, 1-9.9, 10-19.9, 20-29.9, or ≥30 g/d for men), caffeine
(quintiles), and lactose (quintiles). * P<0.05, ** P<0.01, relative to black hair. P for
interaction=0.01
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Table 3
MC1R Arg151Cys polymorphism and PD risk

Genotype of Arg151Cys

Arg/Arg Arg/Cys Cys/Cys P-trend

Case/control 224/1015 42/160 6/10

Crude Relative risk 1 (ref) 1.19
(0.82,1.72)

2.55
(0.91, 7.12)

0.11

Multivariate1 1(ref) 1.23
(0.84,1.82)

3.15
(1.06, 9.37)

0.06

Red hair 1 P-interaction

No 1(ref) 1.25
(0.81, 1.92)

-- 0.23

Yes 0.67
(0.19, 2.32)

0.95
(0.30, 2.97)

4.93
(1.50, 16.2)

Conditional logistic regressions were used to estimate relative risks.

1
Adjusted for smoking(never smoker, past smoker, or current smoker: cigarettes/d, 1-14 or ≥ 15), ethnicity (Caucasian, African-American, and

Asian and others), BMI (<23, 23-24.9, 25-26.9, 27-29.9, or ≥30 kg/m2), use of non-steroid anti-inflammatory drug (yes/no), and intakes of
alcohol(none, 1-4.9, 5-9.9, 10-14.9, or ≥15 g/d for women; none, 1-9.9, 10-19.9, 20-29.9, or ≥30 g/d for men), caffeine (quintiles), and lactose
(quintiles).
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