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Introduction: Immigrants to Western countries tend to have darker skin than native-born populations. We examined the relationship between skin melanin and serum vitamin D (vitD) [S-25(OH)D] levels and explored whether melanin levels explained S-25(OH)D variations between immigrants and native-born Canadians. This study offers novel findings as no such study has been conducted.

Methods: We used a national cross-sectional population-based design with data from the Canadian Health Measures Survey (CHMS). Skin melanin levels among first-generation immigrants based on their ethnicity and origin/country of birth were compared with white and native-born populations. We assessed the association between S-25(OH)D and melanin after adjusting for independent variables related to S-25(OH)D, melanin level, and immigration status.

Results: Of 11,579 participants, 21.9% were immigrants aged 3–79 years (mean age 39.23 years). Compared with non-immigrants, immigrants had lower S-25(OH)D levels (mean: 51.23 vs. 62.72; 95% CI: 8.37, 14.62; P < 0.001) but higher melanin levels (mean [SE]: 17.08 [0.25] vs. 16.29 [0.29]; 95% CI: −1.29, −0.281; P = 0.004). Melanin did not differ by length of stay in Canada but was weakly positively correlated (r = 0.088, P < 0.001) with S-25(OH)D. Sex (male), age (≥18 years), summer/fall seasons, sunlight exposure, sunscreen non-use, smoking, and alcohol consumption were associated with higher melanin levels, whereas indoor tanning use was not.

Conclusion: Skin melanin levels were associated with sociodemographic and behavioral characteristics. Immigrants had higher melanin levels, but melanin did not differ by length of stay in Canada. The weak positive correlation between melanin and S-25(OH)D suggested confounding factors may impact the relationship between melanin levels, S-25(OH)D, and immigration status.
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Highlights


-Immigrants to Western countries have higher melanin (darker skin) and lower S-25(OH)D levels than native-born populations, but it remains unclear if melanin levels explain variations in S-25(OH)D between first-generation immigrants (based on ethnicity/country of birth) and native-born populations.

-We used national Canadian data that captured the ethnocultural diversity of immigrants from more than 150 countries and over 13 major ethnic groups to investigate whether melanin levels explained variations in S-25(OH)D between immigrants and native-born populations.

-Immigrants had higher melanin levels than non-immigrants, but there was no difference in melanin by immigrants’ length of stay in Canada.

-Melanin was weakly positively correlated with S-25(OH)D, with higher melanin levels associated with sociodemographic and environmental factors but not with indoor tanning use.

-The robust associations between these factors and both skin melanin and S-25(OH)D levels highlight the potential of exploring the role of ethnicity and sociodemographic factors in designing national intervention programs to improve vitD status.





Introduction

Melanin is a natural pigment present in the skin that formulates skin color and that of other body parts such as hair and eyes (1, 2). It is naturally produced in the human body and hair follicles, mainly by melanocytes. The degree of skin pigmentation depends on the degree of gene expression that controls the quality and quantity of melanin (1–4). Melanin has many physiological benefits in maintaining health, with the most documented being that it acts as a sunscreen and protects the body from harmful ultraviolet (UV) radiation (3, 4). Previous studies suggested that melanin may reduce body inflammation, prevent liver injuries and play a role in the immune system (5–7).

Vitamin D (vitD) is an essential fat-soluble nutrient with diverse biological functions that extend beyond the classical function of bone mineralization and skeletal maintenance. These extra functions include combating several chronic diseases, such as cardiovascular disease, hypertension, diabetes, cancer, and dermatological and autoimmune diseases (8–13). Other non-classical functions of vitD include regulation of cellular differentiation, proliferation, apoptosis, and adaptive and innate immunity (14). Following the discovery of the vitD receptor and several genetic polymorphisms that modulate the levels of vitD in the human body, increased attention has been directed toward genetic variations in different ethnic groups and how they variably interact in determining vitD levels (15).

Skin exposure to sunlight is the primary source of vitD3 synthesis (cutaneous synthesis) (16, 17), which primarily occurs in the upper skin layers. Because of its function as a biological shield against UV radiation, melanin inhibits cutaneous vitD3 synthesis. This is because dark skin pigmentation is mainly based on the eumelanin type (a dark brown/black bio-aggregate of melanin pigments derived from 5,6-dihydroxyindole-2-carboxylic acid and 5,6-dihydroxyindole) located in the basal layer of the epidermis (17, 18). Therefore, the higher melanin levels associated with dark skin require more sunlight exposure to produce sufficient vitD (19–21).

One in five Canadians is a first-generation immigrant and identified as foreign-born (22). Canada’s population is expected to increase by approximately 1 million foreign-born residents every 3 years by 2035/2036 (23). Globally, immigrants to Western countries tend to have darker skin pigmentation than the native-born population of the host country. Moreover, darker-skinned immigrants in Canada and other Western countries have a high prevalence of vitD deficiency and insufficiency compared with Western people, with a deficiency prevalence of 19.3–80% among different ethnic minorities (9, 19, 22, 24).

In our previous analysis of Canadian Health Measures Survey (CHMS) data, melanin levels were identified and used by Statistics Canada as an indicator of skin pigmentation (i.e., higher ranks indicated darker skin). That study concluded that immigrants’ ethnic variation was the main predictor of/explanatory factor for lower S-25(OH)D among immigrants than among native-born Canadians. Other factors, including skin pigmentation (melanin level), were also associated with differences in S-25(OH)D levels (22). However, no previous study has examined the relationship between melanin levels and S-25(OH)D among immigrants based on their ethnicity and region/country of birth compared with non-immigrants. Although the relationship between the two outcomes (vitD and melanin) is well-established in the literature, this relationship has not been fully elucidated in the context of first-generation immigrants and inherent factors related to these immigrants. Therefore, the present study was designed to fill this knowledge gap and examine the relationship between melanin and vitD levels among first-generation immigrants from different ethnicities (more than 13 ethnicities) and origins or countries of birth (more than 153 countries) compared with native-born Canadians. Moreover, we evaluated whether melanin levels could explain the variations in S-25(OH)D between immigrants and native-born Canadians. We hypothesized that melanin levels varied among CHMS participants based on their ethnicity and country of origin, which may explain the variations in S-25(OH)D.



Materials and methods


Study design and participants

This study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) planning, implementation, and reporting guidelines (25). The study was part of a larger study investigating the association between vitD and health deterioration among first-generation immigrants in Canada (12, 22). We used Cycle 3 (2012–2013) and Cycle 4 (2014–2015) of the CHMS data. The CHMS is a national cross-sectional population-based survey conducted by Statistics Canada in collaboration with Health Canada and the Public Health Agency of Canada (26). The sample population weight was adjusted for age group and sex across Canada’s five standard geographic regions: British Columbia, the Prairies, Ontario, Quebec, and the Atlantic Provinces (26, 27). All participants provided written informed consent, and the CHMS survey was approved by the Health Canada Research Ethics Board (26).



Measures

Melanin level (index value) was measured in CHMS data as an indicator of the level of skin pigmentation. In this study, we used the data for melanin as the outcome-dependent factor. Melanin levels were measured from the back of the hand three times; a fourth measurement was required if the difference between the first three melanin values deviated by more than 10 units. Melanin measurements were collected from each participant in the same visit. The final average calculated by Statistics Canada indicated the absolute index values of melanin. The higher the value, the more melanin is present in the epidermal and the darker the person’s skin. The device used for measurement was the DSM II ColorMeter (Cortex Technology, Hadsund, Denmark) (28, 29). Most previous immigration studies did not report the degree of skin pigmentation, and many studies used ethnicity or immigrants’ country of origin as a proxy indicator for skin color (19). However, we believe the measurement of skin melanin is a reliable indicator for skin pigmentation that enables investigation of correlations with S-25(OH)D among immigrants from different ethnicities and origins.

The S-25(OH)D level reflects total vitD intake from foods, supplements, and synthesis in the skin. We used mean S-25(OH)D as well as S-25(OH)D cut-off values to identify sufficient (≥50 nmol/L) or insufficient (<50 nmol/L) vitD status as defined by the Institute of Medicine and other expert reports (20, 30–32). S-25(OH)D was measured using chemiluminescence immunoassay technology (DiaSorin®, Ltd., Stillwater, MN, USA). The analytical detection limit for S-25(OH)D was 10–375 nmol/L (22). We also examined the CHMS data for use of indoor tanning equipment (e.g., beds, booths, and lamps) in the previous 12 months (recorded as “yes” vs. “no”) in addition to the frequency (per day/week/month/year) and recent use during the last 2 months.

We assessed other independent variables that are known to be associated with or related to vitD status, melanin level or skin pigmentation, and immigration status. These factors were sex, age, ethnicity, body mass index (BMI, kg/m2), smoking status, alcohol consumption, age at immigration, length of time in Canada, sun exposure, sunscreen use, season clothing (typically covered or uncovered), physical activity, region and country of birth, ethnicity, intake of vitD-rich foods, use of indoor tanning equipment, and vitD supplements. Details of these factors have previously been described (22).



Study population and CHMS details

We extracted data for 11,579 participants (21.9% immigrants) aged 3–79 years, with a mean (standard error [SE]) age of 39.23 (0.08) years. The study participants were previously defined as healthy (78.3%) and unhealthy (21.7%) in terms of the prevalence of chronic diseases that were diagnosed by healthcare professionals (12). Immigrants had lower concentration levels of S-25(OH)D (mean: 51⋅23 vs. 62⋅72; 95% confidence interval [CI]: 8⋅37, 14⋅62; p < 0.001) compared with non-immigrants (22). Information about the measurement methods, merging of the two data cycles and other CHMS data details are available on the Statistics Canada website1 (33, 34), and our previous CHMS-related publications (12, 22).



Statistical analyses

To account for the unequal probability of selection and accurate estimates representing the Canadian population in our analyses, we used the survey command, recommended sample weight, and degrees of freedom. The unweighted results cannot be published (except for correlations) because of Statistics Canada’s restrictions policy; therefore, the results are presented as weighted results only.

We used the mean (SE) for comparisons of continuous variables and proportions with 95% CI for categorical variables. Univariate analysis and multivariable linear regression modeling were used to identify factors associated with melanin levels. The models were adjusted for age, sex, immigration status, season, sun exposure, sunscreen use, clothing type, indoor tanning use, smoking, alcohol, physical activity, and travel to sunny climates. Statistical significance was set at P < 0.05. We used SPSS version 26.0 (IBM Corp., Armonk, NY, USA) to manage the data and Stata version 16.0 (StataCorp, College Station, TX, USA) to perform the analyses.




Results

The weighted total mean score for skin melanin levels was 16.46 (SE: 0.27; 95% CI: 15.90, 17.01). The mean value was higher among immigrants than non-immigrants (17.08 vs. 16.29, p = 0.004), but no difference was found between recent (≤10 years) and well-established immigrants (>10 years). Melanin levels were weakly correlated with S-25(OH)D (≥50 nmol/L) (r = 0.088; P < 0.001). Sex (male), age (≥18 years), BMI (overweight), sun exposure (traveled to sunny climate), sunscreen (non-users), and smoking (currently smoking) were associated with higher melanin levels. The estimated use of indoor tanning beds and lamps among the Canadian population was 5.8% and was higher among non-immigrants than immigrants. The majority (63%) of indoor tanning users reported using tanning beds or lamps every year, and 2% reported at least one session in the last 2 months (data not shown). Melanin was not associated (users: 16.58 vs. non-users: 16.51; 95% CI: −0.61, 0.47) or correlated (r = −0.019; p = 0.079) with the use of tanning equipment or the frequency of use. Moreover, no associations between melanin and clothing type, alcohol consumption, and the level of physical activity were observed (Table 1).


TABLE 1    Weighted mean melanin levels by S-25(OH)D, immigration, sociodemographic, and lifestyle factors using Canadian Health Measures Survey (CHMS) data (Cycles 3 and 4).

[image: Table 1]

People with white ethnicity had less pigmented skin than the non-white population (16.08 vs. 17.56) (r = 0.243; P < 0.001). Differences in melanin levels between different ethnic groups in the non-white population are presented in Table 2.


TABLE 2    Weighted mean melanin levels by ethnicity using Canadian Health Measures Survey (CHMS) data (Cycles 3 and 4).

[image: Table 2]

Those who were born in South and Central America and the Caribbean, Africa, and Asia had higher melanin levels than people from Canada and North America. Differences in melanin were also observed by country of birth; the highest mean level was found among people born in Jamaica and the lowest among those born in Lebanon (Table 3).


TABLE 3    Weighted mean melanin levels by geographical region and country of birth using Canadian Health Measures Survey (CHMS) data (Cycles 3 and 4).
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In the adjusted multivariate linear regression model, factors associated with skin melanin levels were S-25(OH)D, immigration status, sex, age, summer and fall seasons, travel to a sunny climate, sun exposure, sunscreen use, smoking, and alcohol consumption (Table 4).


TABLE 4    Multivariable linear regression analysis based on melanin and immigration status using Cycles 3 and 4 of Canadian Health Measures Survey (CHMS) data.
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Discussion

This study explored the associations between melanin levels and participants’ sociodemographic characteristics and clarified whether melanin levels explained the variations in vitD between immigrants compared with native-born Canadians. Our investigation of melanin levels among immigrants and the association between melanin and S-25(OH)D revealed that immigrants had higher melanin levels (darker skin) compared with non-immigrants, but there was no difference in melanin by their length of stay in Canada. However, melanin had a weak positive correlation with S-25(OH)D levels; this finding contradicted existing knowledge and implied there may be different confounding factors that may interfere with the relationship between melanin levels and vitD in the present cross-sectional observational design. This can be explained also by the fact that although epidemiological studies suggest that melanin inhibits cutaneous vitamin D synthesis by UVB radiation; however, laboratory investigations assessing the impact of melanin on vitamin D production have produced contradictory results. Young et al. found that melanin has a small inhibitory effect on vitamin D synthesis (21). Moreover, in vitiligo where we have a destruction of functional melanocytes it has been found that the application of vitamin D might help in preventing the destruction of melanocytes. This may be through the effect of vitamin D on the intracellular Ca+2, which controls the activity of thioredoxin reductase. The latter is important for thioredoxin, which stimulates tyrosinase activity, the principal enzyme involved in melanin synthesis (35). Therefore, the relationship between melanin serum levels and vitamin D is a bit complicated. We know that exposure to sunlight will lead to darker skin due to increased levels of melanin to protect the skin from the effect of UVB radiation. Meanwhile, for the synthesis of vitamin D, we need to be exposed to sunlight. Hence, sun avoidance may result in decreased melanin levels and also low vitamin D levels. This can explain, at least partially, the positive correlation between melanin and vitamin D levels. This is supported by a study by Glass et al. who reported that Caucasian UK females with fair skin types show lower levels of 25(OH)D compared to darker skin types (36).

Previous immigration studies concluded that ethnicity and lifestyle changes, including dietary changes after immigration, along with slow physiological adaptation to the new environment (e.g., lower UV radiation level at the new latitude) mean that immigrants have low levels of S-25(OH)D (13, 19, 24, 37). Moreover, a higher level of skin pigmentation has also been suggested to contribute to lower S-25(OH)D levels (19, 22, 37–39). In the same context, another study found melanin had a slight inhibitory effect on the photosynthesis of vitD3 among healthy participants who had skin types II–VI (white to black) (21).

Evidence from immigration studies on acculturation and vitD found the length of time since immigration was a crucial indicator of lifestyle adaptation. Immigrants, over time, tailored to the lifestyle of the host country. The higher adaptation levels were associated with higher S-25(OH)D levels (22, 40, 41). Moreover, the length of stay in the host country was also associated with the lightening of skin color as part of the genomic adaptation process (42). However, we found no differences in skin melanin levels between recent and well-established immigrants. Similarly, we found a weak negative correlation between skin melanin and longer residency duration in Canada, which may be explained by the slight lightening of skin over time due to slow genomic adaptation (42).

In our previous related publication (22), the multivariate analysis showed that the S-25(OH)D level was found positively associated with age [Beta Estimate (SE) 0.14 (0.04)]. The lowest S-25(OH)D levels were found among the youth aged 12–17 years. Few studies have sought to define the difference in melanin levels/skin pigmentation in terms of sociodemographic (e.g., sex, age, and BMI) and behavioral variations (e.g., smoking, physical activity, and indoor tanning), and no available studies have considered immigrants’ country of birth or ethnicity (43–45).

Consistent with our finding of higher melanin levels among males and older people, a previous study reported a higher melanin index among men compared with women and among people aged 20–30 years compared with those aged 10–20 years (44). Lighter skin among older people was reported to be caused by a decrease in the number of melanocytes, which is estimated to decrease by around 8–20% per decade (46). Our findings of higher melanin levels among non-sunscreen users, those who were exposed to the sun (including traveling to sunny climates), and current smokers were consistent with previously published research (21, 43, 44, 47, 48).

The significantly higher melanin levels among overweight people compared with those with normal body weight noted in this study were consistent with the involvement of melanin in the expression of components of the melanogenic pathway in the adipocytes. A previous study found that relative to lean people, the adipose tissue of obese patients had higher amounts of melanin, which is known for its antioxidant and anti-inflammatory properties that help in scavenging reactive oxygen species and suppress oxidative stress and inflammation in adipocytes (45).

Indoor tanning use is increasing and becoming a widespread industry that is now more accessible to the public. Tanning machines emit UV light, which can theoretically increase S-25(OH)D levels. However, the Endocrine Society reported that tanning caused darkening of the skin by increasing melanin production, which aims to protect the skin against the damaging effect of UV radiation; this high melanin production limits the ability of the skin to synthesize more vitD (49). However, we found that only 2% of the CHMS participants reported indoor tanning in the last 2 months, and the use of tanning equipment did not significantly impact skin melanin levels, although this may be affected by the frequency and duration of tanning equipment use. Moreover, knowledge about melanin synthesis, migration to the skin, degradation, and the impact on S-25(OH)D concentration is not well-established (50). Therefore, other confounding factors may impact the effect of tanning UV exposure among immigrants (darker skin) and non-immigrants (lighter skin).

The notable variation in melanin levels among immigrants from different ethnicities and origins in this study could be explained by genetic and epigenetic (potential genetic changes that affect gene expression without involving changes in the original sequence of DNA nucleotides) variations in melanogenesis (51). Melanogenesis is a complex process in which melanin is synthesized in melanocytes and transported to keratinocytes. This process involves multiple signaling pathways and genes (48).

An important factor that helps to understand variations in S-25(OH)D levels in response to skin melanin levels is skin type. Different skin types (e.g., Fitzpatrick skin type [FST] I–VI) have been shown to behave differently in response to exposure to UV radiation; therefore, the inhibitory effect of skin melanin on vitD synthesis varies (52). Recent work by Young et al. revealed that skin type II was significantly steeper than the other groups in relation to vitD levels after exposure to UV radiation, and a comparison between extreme skin types (II and VI) showed melanin inhibition factors of approximately 1.3–1.4 (21).

The present study is a continuation of our previous work (12, 13, 22), which revealed that ethnicity and sociodemographic factors were the factors most strongly associated with S-25(OH)D. Japanese, Arabs, and Southeast Asians were found to have the lowest S-25(OH)D levels and the most deficient ethnic groups compared with the white group (22). Demonstrating robust associations between these factors and both skin melanin and serum vitD levels reinforces the value of considering the role of ethnicity and various sociodemographic factors when designing national intervention programs to improve vitD status.

In addition to offering national and representative data, the strengths of the CHMS include the study design and large sample size that captured the ethnocultural diversity of immigrants from more than 150 countries and over 13 major ethnic groups. Moreover, melanin level based on the DSM II ColorMeter method is a reliable indication of skin pigmentation. The DSM II ColorMeter method had similar diagnostic characteristics to FST for discerning vitD deficiency and therefore offers an inexpensive, useful surrogate measure of skin color in vitD research (28, 29). However, both methods have been criticized for their limitations in skin classification and imprecisely measuring skin color and reflecting melanin levels (29). Based on a recent systematic review and meta-analysis of reliable tools for assessing skin color (29), we recommend further research uses more reliable tools. In addition, further studies are warranted to elucidate the precise genetics underpinning skin color adaptation and the genetic architecture of skin color adaptation in different ethnic groups. Developing this knowledge will help to address gaps in the literature. An important limitation of our study was that we could not infer causality because of the cross-sectional observational design.



Conclusion

Skin melanin levels appeared to be associated with several sociodemographic and behavioral characteristics. First-generation immigrants had higher melanin levels (darker skin) than non-immigrants, but there was no difference in melanin related to their length of stay in Canada. The weak positive correlation between melanin and S-25(OH)D levels in this study suggested the involvement of various environmental (e.g., dietary and behavioral) confounders and genetic factors that may interfere with the relationships between melanin level, vitD, and immigration status.
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