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Abstract
Despite high prevalence, the etiopathology of melasma is not fully understood. Nevertheless, many factors have been asso-
ciated with the disease, including: sun exposure, sex steroids hormones, drugs, stress, and pregnancy. The high occurrence 
within familiars (40–60%) suggests a genetic predisposition to the disease. This study explored, through complex segregation 
analysis (CSA), the inheritance model that best fit the family segregation pattern of facial melasma when accounting for the 
main epidemiological risk factors. We evaluated 686 subjects from 67 families, and 260 (38%) of them had facial melasma. 
The CSA model, adjusted for age, skin phototype, sex, sun exposure at work, hormonal oral contraceptive, and pregnancy, 
evidenced a genetic component that was best fitted to a dominant pattern of segregation. Melasma results from an interaction 
between exposure factors (e.g. pregnancy, hormones, and sun exposure) over genetically predisposed individuals.
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Introduction

Melasma is a common acquired chronic focal hypermela-
nosis that affects photoexposed areas (especially the face), 
mainly in women during fertile age, and its incidence seems 
to have increased in the last decade [1–3]. The occurrence in 
visible areas and its common recurrence despite treatment 
lead to a substantial impact on quality of life [4–6].

The etiopathology of melasma is not fully understood; 
however, many factors have been reported as triggering or 
aggravating the disease, such as: sun exposure, hormonal 
oral contraception (HOC), hormone replacement therapy, 
cosmetics, photosensitising drugs, pregnancy, and stress 
[7]. The high occurrence within familiars (40–60%) and the 
association with African ancestry miscegenation suggest a 
genetic predisposition to the disease [3, 8].
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Complex segregation analysis (CSA) is a primary study 
within genetic epidemiology to explore the evidence that a 
genetic component (called ‘major gene’) underlies the dis-
tribution of a phenotype in a population. It has been used to 
advance the understanding of the genetic basis of complex 
(multifactorial) diseases. The CSA is composed of several 
statistical models that include the epidemiologic risk factors 
and the different parameters expected for inheritance models 
with the aim to compare which of them promotes best fit to 
the sample data. The CSA is indicated to explore multifacto-
rial disorders in which the exposure factors interact with the 
genetic susceptibility in the development of a phenotype [9]. 
In this study, we performed a CSA in families with facial 
melasma.

Methods

A cross-sectional study of CSA was performed [9] that 
included patients with melasma from the dermatology clinic 
at FMB-Unesp (Botucatu, SP, Brazil) who reported some 
other familiar with the disease. The project was approved 
by the institutional review board. Patients were personally 
interviewed. Families in which some component could not 
be assessed were not included in the study. The variables 
evaluated were: current melasma, age, sex, use of HOC, 
pregnancy, working exposure to the sun, and hair/skin color 
phenotype (I–IV): I—fair skin and light hair; II—fair skin, 
dark hair; III—light brown skin, dark hair; and IV—dark 
brown/black skin, curled dark hair.

First, a multivariate logistic regression was performed to 
assess the association between classic epidemiologic factors 
and melasma. The effect size was estimated by odds ratio 
(OR) and its 95% confidence interval (IC 95%) [10, 11].

All variables that resulted statistically significative 
(p < 0.05) in the logistic analysis were included in the CSA 
models, which tested the fit of the data to different models of 
segregation (stepwise procedure). The performances of the 
segregation models were compared by the (− 2lnL) likeli-
hood ratio. The best fit model to the data should result in the 
lower likelihood ratio value [12].

In CSA, subjects of ousiotypes AA, AB, and BB are 
expected to segregate component ‘A’ to their offspring with 
the transmission probabilities: sAA, sAB, and sBB. In a 
major gene model, segregation is assumed to be through a 
single autosomal locus with two alleles. Allele frequencies 
are denoted qA and 1 − qA. Residual familial correlations 
were also considered according to mother/offspring ratio.

First, we carried out a sporadic transmission model 
(model I) that included only the non-genetic covariates. 
Next, in addition to the non-genetic covariates, the depend-
ence on phenotypes of preceding relatives (mother–offspring 
transmission), which is parameterised in terms of familial 

correlations (model II), was assessed. To rule out the possi-
bility of significant familial dependency due to unmeasured 
shared environmental factors (e.g. unprotected sun exposure 
leisure time or geographic location), our next step was to 
include a major gene effect in the model (models III and 
IV), with and without familial dependency. Finally, an addi-
tional model that includes a major gene effect was consid-
ered (model V) as a general transmission (non-Mendelian) 
to benchmark the structure of CSA as a satisfactory model 
for explaining the data and validating the ‘τ’ transmission 
parameter [9].

Data were analysed with package SEGREG from 
S.A.G.E. 6.1.0 (2010): Statistical Analysis for Genetic Epi-
demiology, http://darwi n.cwru.edu/sage/.

Results

We evaluated 686 subjects from 67 families, 260 (38%) of 
whom had facial melasma. There was a mean of 10.2 sub-
jects and 3.9 cases per family. The mean prevalence of mel-
asma was 37.8% of the sample: 56.4% in women and 16.3% 
in men. The main epidemiological data are summarised in 
Table 1. Constitutional elements, such as darker phototypes 
and female sex; environmental exposure factors, such as sun 
exposure at work; and hormonal factors, such as HOC and 
pregnancy; were remarkable.

Table 2 discloses the main results of the CSA. The best 
fit model (lowest value of − 2lnL) predicts the presence of a 
genetic component (major gene), with a dominant pattern of 
segregation in addition to the epidemiological risk factors, 
in explaining the disease occurrence.

Discussion

Skin melanin pigmentation in humans presents a polygenic 
inheritance and involves a complex cellular interaction of a 
large contingent of genes and regulatory factors that are not 
completely understood [13–17]. There is evidence that mela-
nin pigmentation in melasma differs from other acquired 
pigmentary disorders such as tanning, post-inflammatory 
hyperpigmentation, lentigines, ephelides, and mastocyto-
sis. There is also involvement of the whole epidermal mela-
nin unit in the process (not just hypertrophic melanocytes), 
including mastocytes, fibroblasts, and endothelium-derived 
cytokines, and there are upper dermal abnormalities [16, 18, 
19]. Since melasma has no animal models for experimental 
research, most of the studies on pathophysiology and treat-
ment of melasma are dependent on clinical investigations.

Our results indicated a genetic susceptibility to the 
development of facial melasma with a dominant pattern 
of segregation. The major gene dominant with residual 

http://darwin.cwru.edu/sage/
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familial correlation (model III) and the major gene dom-
inant (model IV) resulted in the best fit models (lower 
− 2Ln values) compared to sporadic segregation (model I) 
and familial correlation alone (model II). Since model IV 
is composed of fewer parameters (without familiar correla-
tion), and the fit index is very close to model III, it resulted 
the most parsimonious explanation for the phenomenon. 
Other possible patterns of segregation (e.g. recessive and 
codominant) were automatically excluded from the analy-
sis by the CSA software stepwise procedure.

These results present limitations inherent in CSA stud-
ies. A single-centre research limits the generalisation of 
results, although increasing the homogeneity of the group 
reduces possible interference of transcultural variables. 
Moreover, melasma patients in this study presented epide-
miologic characteristics similar to other Brazilian studies 
[3, 20].

Our results must also be confirmed in patients with 
extrafacial melasma, men, and other populations with dif-
ferent genetic ancestral components (e.g. Middle Eastern 
and Far Eastern). The estimated prevalence of the trait 
within affected families inflated the frequency of the dis-
ease (our group: 38%, versus the same population esti-
mate: 22%); nevertheless, that is the only way to study 
segregation through generations.

CSA is a preliminary study in genetic epidemiology, 
and identifying a pattern of segregation does not allow 
for inference of which genes are involved in the process, 
requiring further investigation, such as linkage analysis or 
genome-wide type exploration.

Conclusion

The pattern of segregation of the susceptibility in facial mel-
asma was best fitted to a dominant inheritance model, and 
exposure factors (e.g. pregnancy or sun exposure) can lead to 
disease development in genetically predisposed individuals.

Table 1  Main clinical and 
epidemiologic data from the 
sample

Bold values: p < 0.05
Hosmer–Lemeshow test = 0.49; correct classification: 77%; p (model) < 0.01
HOC hormonal oral contraception, Corrected age a parabolic function to linearize the incidence peak of 
melasma at 30  years-old and the interception at 16 and 65  years-old (data estimated from the sample), 
Pregnancy × HOC interaction between the factors
a Multivariate adjust; bn (%); cMean (SD)

Melasma (n = 260) Control (n = 426) OR (IC 95%)a p  valuea

Female  sexb 207 (80) 160 (38) 12.5 (8.0–19.5) < 0.01
Age 44.5 (13.9) 44.6 (20.8)
Corrected age – – 1.1 (1.1–1.2) < 0.01
Pregnancyb 173 (67) 103 (24)
HOCb 182 (70) 87 (20)
Pregnancy × HOC – – 14.3 (4.0–50.0) < 0.01
Working  outdoorb 117 (45) 181 (43) 1.6 (1.1–2.3) 0.03
Skin  phototypeb 0.04
 I 20 (8) 49 (12) 1.0 (–)
 II 111 (43) 196 (46) 1.6 (0.8–3.1)
 III 109 (42) 144 (34) 2.1 (1.1–4.1)
 IV 20 (8) 37 (9) 1.6 (0.7–4.0)
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