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Abstract: Adult height is linked to the risk of several diseases, but its association with vitiligo has
not been established. This study aimed to investigate the relationship between adult height and
vitiligo incidence. Korean nationwide claims data from 15,980,754 individuals (20 years of age or
older) who received a health checkup during the period 2005-2008, were examined. Subjects were
categorized into age- and gender-specific height quintiles. Participants were followed until vitiligo
diagnosis or until the end of 2015. The Cox proportional-hazards model for cumulative risk was
computed for height categories. During the follow-up period, 29,196 cases (136,020,214 person-years)
of newly diagnosed vitiligo were reported. A positive association was found between height and
risk of vitiligo in which the hazard ratio between the highest and lowest quintiles of height was 1.36
(95% confidence interval: 1.31-1.42). While more diverse cohort studies are needed, our findings
suggest that taller stature increases the risk of vitiligo.
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1. Introduction

Vitiligo is an acquired skin condition typified by white patches resulting from selec-
tive loss of melanocytes [1-3]. With an estimated global prevalence of 1% [4-6], vitiligo
poses a major challenge to both patients and societies worldwide [7]. Particularly frustrat-
ing are the unpredictable disease course and lack of FDA-approved effective therapy [8,9].
Despite the effort expended to develop ground-breaking therapeutics, vitiligo remains
incurable [10]. Identification of risk factors that enable early screening of susceptible indi-
viduals would be beneficial.

Vitiligo is believed to have a complex pathogenesis involving both genetics and en-
vironmental triggers [2]. Estimates of vitiligo heritability range from 0.5 to 0.8 [11,12], and
findings of increased frequency of vitiligo among first-degree relatives and a strong
spousal concordance [13,14] imply substantial genetic influence on vitiligo risk. As for the
environmental insult, the Koebner phenomenon is prevalent in vitiligo patients [15],
which suggests that skin damage is an important provocation factor [16].

Interestingly, body height is determined by interactions among genetic predisposi-
tion and environmental factors (i.e., nutrition and sleep) during childhood and adoles-
cence [17,18] and can serve as a disease indicator [19]. Adult height has been linked with
a number of diseases. Taller stature was reported to increase the risk of atrial fibrillation
[20-22], venous thromboembolism [21,22], meningioma [23], vasculitis [22], actinic kera-
tosis [24], and cancers including melanoma [22,25] and non-melanoma skin cancer [26,27].

Unlike the aforementioned diseases, the relation between body height and vitiligo
has not been investigated. In this study, we assessed the association between adult height
and risk of vitiligo in South Korea, an ethnically homogeneous nation, using a nationwide
dataset.
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2. Materials and Methods
2.1. Data Source

South Korea utilizes a mandatory National Health Insurance (NHI) system where
members are obligated to undergo biennial health screening from age 40. We retrieved
data from two NHI databases, the Health Examination database and the NHI service
claims database. The first dataset was used to select the subjects and collect data on height
and possible confounding factors. The NHI claims dataset was analyzed to detect vitiligo
occurrence in selected individuals. The diagnostic information in the NHI claims database
is documented based on the International Classification of Disease (ICD)-10 code.

2.2. Ethics

The Ethics Committee of Incheon St. Mary’s Hospital, The Catholic University of Ko-
rea, reviewed and accepted the study protocol (OC17ZESI0052). We gained permission
from the Korea Disease Control and Prevention Agency to retrieve information from the
NHI database.

2.3. Study Subjects

We recruited subjects who were older than 20 and had undergone a health checkup
between 2005 and 2008. In cases in which subjects received multiple health screenings
during the time period, data from the first health exam (index date) were used. Individu-
als with any missing data were excluded from the analysis. The cohort was followed on
the NHI claims database until vitiligo diagnosis (ICD-10 code, L80) or until December 31,
2015. A total of 15,980,754 subjects were ultimately included in the study cohort after ex-
cluding those with pre-existing vitiligo.

2.4. Data Collection and Definitions of Comorbidities and Other Variables

The health exam involves a survey and direct measurements. Information on age,
gender, income level (dichotomized at the lowest 20%), alcohol consumption, and smok-
ing history was collected through a questionnaire. Anthropometric measurements (i.e.,
height and weight) were performed using a standard scale with individuals wearing light
clothing and no shoes. The body mass index (BMI) was calculated as weight (kg) divided
by height squared (m?). Blood pressure (BP) was measured routinely while sitting after a
five-minute rest time. Blood was sampled after an eight-hour overnight fast to measure
blood glucose and total cholesterol.

To remove the confounding effect of comorbid diseases, we identified cases of dia-
betes mellitus (DM), hypertension, and dyslipidemia. DM was defined based on the use
of insulin or an oral hypoglycemic agent (ICD-10, E10-14) or a fasting glucose level > 7
mmol/L. Hypertension was defined as the use of an antihypertensive agent (ICD-10, 110-
15) or systolic/diastolic BP > 140/90 mmHg. Dyslipidemia was defined as the use of a lipid-
lowering agent (ICD-10, E78) or total cholesterol > 6.21 mmol/L. Both the NHI claims da-
tabase and the Health Exam database were used to identify the presence of a comorbidity.

2.5. Statistical Analysis

Descriptive statistics are shown as mean + standard deviation or percentage. Subjects
were classified into age- and gender-specific quintiles based on index height (Supplemen-
tary Table S1). A Cox proportional hazards model was adopted to determine the inde-
pendent effect of height on vitiligo development after controlling for age and gender in
model 1. Age, gender, weight, income, alcohol consumption, smoking history, presence
of hypertension, presence of DM, and presence of dyslipidemia were controlled for in
model 2. The hazard ratio (HR) and 95% confidence interval (CI) for each height quintile
relative to the lowest quintile were calculated. Subgroup analyses were performed based
on gender and age (> 65 years and < 65 years). The proportional hazard assumptions were
validated with the log-log cumulative survival graph and the time-varying factor Cox
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model. We used the SAS software ver. 9.4 (SAS Institute, Cary, NC, USA) for all analyses
where p < 0.05 was recognized as statistically significant.

3. Results
3.1. Characteristics of the Study Cohort

Our cohort consisted of 15,980,754 participants who were grouped into gender- and
age-adjusted height quintiles. The baseline (index date) characteristics of the study cohort
are presented in Table 1.

Table 1. Characteristics of the study cohort at the index date.

Height?
01 Q2 Q3 04 Q5
(N =3,093,715) (N =3,179,095) (N = 3,442,765) (N =3,007,857) (N = 3,179,095)
Age (year)® 469 +14.9 46.5+14.7 46.5+14.5 46.2+14.3 458 +14.4
Male Gender 1,692,262 (54.7) 1,745,323 (54.9) 1,752,367 (50.9) 1,555,062 (51.7) 1,656,308 (52.1)
Weight? 57.7+9.7 61.3+10.2 63.2+10.6 65.2+11.1 69.2+12.2
BMI (kg/cm?)® 23.7+3.2 23.6+3.2 23.6+3.2 23.6+3.2 235+3.2
<18.5 113,930 (3.7) 120,244 (3.8) 133,139 (3.9) 127,272 (4.2) 142,331 (4.4)
18.5-23 1,212,028 (39.2) 1,248,787 (39.3) 1,364,068 (39.6) 1,212,699 (40.3) 1,315,805 (40.4)
23-25 757,897 (24.5) 791,295 (24.9) 840,713 (24.4) 731,385 (24.3) 788,929 (24.2)
25-30 905,369 (29.3) 920,298 (29.0) 996,235 (28.9) 840,378 (27.9) 904,578 (27.8)
=30 104,491 (3.4) 98,471 (3.1) 108,610 (3.2) 96,124 (3.2) 105,678 (3.2)
Hypertension 837,753 (27.1) 845,966 (26.6) 906,313 (26.3) 773,584 (25.7) 832,219 (25.6)
Diabetes 253,083 (8.2) 257,386 (8.1) 275,412(8.0) 237,054(7.9) 257,498 (7.9)

Dyslipidemia 479,476 (15.5) 482,558 (15.2) 524,485 (15.2) 444,108 (14.8) 461,546 (14.2)
Current Smoking 764,147 (24.7) 807,490 (25.4) 822,821 (23.9) 736,924 (24.5) 820,845 (25.2)
Alcohol Consump-
. 1,407,843 (45.5) 1,511,332 (47.5) 1,624,673 (47.2) 1,433,861 (47.7) 1,601,178 (49.2)

tion (yes)
Income Status

<20% 770,592 (24.9) 717,217 (22.6) 736,450 (21.4) 623,084 (20.7) 629,505 (19.3)
(o]

Data are presented as numbers (%); Q, quintile; BMI, body mass index.
aAge- and gender-specific quintiles (see Supplementary Table 1).
bMean + standard deviation.

3.2. Vitiligo Risk Stratified by Height

The total number of newly diagnosed vitiligo cases was 29,196 during a follow-up
period of 136,020,214 person-years (Table 2). Figure 1 presents an unadjusted incidence
rate (per 1000 person-years) of vitiligo by index age (10-year age ranges), height (Q1-Q5),
and gender. The cumulative incidence of vitiligo for each height quintile after covariate
(i.e.,, age, gender, BMI, presence of hypertension, presence of diabetes, presence of
dyslipidemia, smoking, alcohol consumption, and income status) adjustment is shown in
Figure 2. With the Q1 (shortest) group as reference, the hazard ratio (HR) and 95% confi-
dence interval (CI) of the Q5 (tallest) group was 1.36 (95% CI, 1.31-1.41) under the multi-
variable model (model 2) (Table 2).
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Figure 1. The unadjusted incidence rate of vitiligo (per 1000 person-year) according to index age,

height, and gender.
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Figure 2. Adjusted cumulative incidence of vitiligo by height (Q1-Q5)
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Table 2. Incidence rate and adjusted hazard ratio of vitiligo according to height.

Incidence Rate Hazard Ratio (95% CI)

Vitiligo Diagno-
Group gsis 8 Person-years (per 1000 person- Model 1 Model 2
years)
Total
Q1 4908 26,266,111 0.19 1 (ref.) 1 (ref.)
Q2 5472 27,058,790 0.20 1.09 (1.05,1.13)  1.11 (1.07, 1.16)
Q3 6516 29,345,746 0.22 1.18 (1.14,1.23) 1.22(1.18,1.27)
Q4 5774 25,634,799 0.23 1.29 (1.16,1.25) 1.26(1.21,1.31)
Q5 6526 27,714,768 0.24 1.27(1.22,1.32) 1.36(1.31,1.42)
Gender
Male
Q1 2150 14,447,218 0.15 1 (ref.) 1 (ref.)
Q2 2455 15,001,287 0.16 1.10 (1.04,1.17)  1.12 (1.06, 1.19)
Q3 2730 15,390,906 0.18 1.20(1.13,1.27) 1.24(1.17,1.32)
Q4 2311 13,240,619 0.17 1.18(1.12,1.25) 1.24(1.17,1.32)
Q5 2750 14,879,483 0.18 1.27(1.20,1.34)  1.36 (1.28, 1.45)
Female
Q1 2758 11,818,893 0.23 1 (ref.) 1 (ref.)
Q2 3017 12,057,502 0.25 1.08 (1.03, 1.14)  1.10 (1.04, 1.16)
Q3 3786 13,954,840 0.27 1.17(1.11,1.23)  1.20 (1.14, 1.26)
Q4 3463 12,394,180 0.28 1.21(1.15,1.27)  1.26(1.20, 1.33)
Q5 3776 12,835,285 0.29 1.28(1.21,1.34) 1.35(1.28,1.42)
Index
Age
Age <65
Q1 3792 20,985,874 0.18 1 (ref.) 1 (ref.)
Q2 4220 21,936,313 0.19 1.06 (1.02,1.11)  1.10 (1.05, 1.15)
Q3 4915 23,617,789 0.21 1.13 (1.09,1.18)  1.20 (1.15, 1.26)
Q4 4321 20,703,136 0.21 1.14 (1.09, 1.19)  1.23(1.18,1.29)
Q5 4861 22,337,748 0.22 1.22(1.17,1.27) 137 (1.31, 1.44)
Age>65
Q1 1116 5,280,236 0.21 1 (ref.) 1 (ref.)
Q2 1252 5,122,476 0.24 1.15(1.06, 1.24)  1.15 (1.06, 1.25)
Q3 1601 5,727,957 0.28 1.28 (1.19,1.38)  1.29 (1.20, 1.40)
Q4 1453 4,931,663 0.29 1.34 (1.24,1.45) 1.36(1.25,1.47)
Q5 1665 5,377,020 0.31 1.41(1.31,1.52) 1.44(1.32,1.56)

Data are presented as numbers; CI, confidence interval; Q1-Q5, Age- and gender-specific quintiles
(see Supplementary Table 1). Model 1, adjusted for index age and gender. Model 2, adjusted for
index age, gender, BMI, presence of hypertension, presence of DM, presence of hyperlipidemia,
smoking, alcohol consumption, and income status. Subgroup analyses were performed by gender
and index age.

3.2.1. Subgroup Analysis by Gender

Among the male cohort, 12,396 subjects were newly diagnosed with vitiligo during
a follow-up period of 72,959,513 person-years. Vitiligo incidence (per 1000 person-years)
of the Q5 quintile was 0.18. With the Q1 group as reference, the HR and 95% CI of the Q5
group were 1.36 (95% CI, 1.28-1.45) under model 2 (Table 2).

Of the total, 16,800 female subjects were diagnosed with vitiligo during the observa-
tion period (63,060,700 person-years). Vitiligo incidence of the Q5 group was 0.29 per 1000
person-years. The HR and 95% CI of the Q5 group were 1.35 (1.28-1.42) under multivari-
ate analysis (model 2) (Table 2).
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3.2.2. Subgroup Analysis by Age

In a recent epidemiological study (data not shown) of Koreans, vitiligo was shown to
have two prevalence peaks (in the first decade (0-9 years) and the fifth decade (60-69
years)). Accordingly, we chose 65 as the cutoff value for our two subgroups (“65 years
and higher” versus “under 65 years”). Upon subgroup analysis by age, patients 65 and
higher showed a vitiligo incidence of 0.31 (Q5). The HR and 95% CI of the Q5 quintile
were 1.44 (1.32-1.56) under the multivariable model (model 2) (Table 2).

The Q5 group of individuals under 65 presented with a vitiligo incidence of 0.22 per
1000 person-years. Using the Q1 group as reference, the model 2 HR and 95% CI of the Q5
group were 1.37 (95% CI, 1.31-1.44) (Table 2).

4. Discussion

Findings from our nationwide cohort study suggest that adult height positively cor-
relates with risk of vitiligo in Koreans. The association was stronger in the elderly popu-
lation (age > 65 versus age < 65). To the best of our knowledge, this is the first study to
analyze the relationship between body height and incidence of vitiligo.

Epidemiological findings including nationwide population studies from Korea have
shown strong associations between vitiligo and autoimmune diseases (systemic lupus er-
ythematosus, alopecia areata, thyroiditis, type 1 diabetes, and rheumatoid arthritis) [28-
33], which corroborates the autoimmune nature of vitiligo [2]. Interestingly, male body
height has been suggested as a cue for immune efficacy [34]. Greater height-growth ve-
locity was involved with islet autoimmunity and type 1 diabetes [35], linking tall stature
to autoimmunity and ultimately to vitiligo.

Insulin-like growth factor (IGF) signaling is involved in growth and metabolic pro-
cesses [35]. IGF-1 encourages longitudinal bone growth [36], and both IGF-1 and IGF-2
take part in cancer progression [37]. Vitiligo melanocytes produce insulin-like growth fac-
tor-binding protein (IGFBP) 3 [38], the expression of which is, like IGF-1, growth hor-
mone-dependent [39]. In addition, metformin, which regulates IGF level, has been shown
to modulate height [40], inhibit tumor growth [41,42], and lower the risk of incident viti-
ligo [43]. This connects vitiligo to height and cancer incidence (which is known to be re-
lated to tall stature) [44].

Genetic factors contribute strongly to adult height, and certain genes linked with
height [22] are involved in vitiligo-regulatory pathways. These include JNK (jun amino
terminal kinase), PI3K (phosphatidylinositol 3 kinase), JAK1 (Janus kinase 1), CREB (cy-
clic AMP responsive element-binding) protein, ERK (extracellular signal-regulated ki-
nase), and mTOR (mammalian target of rapamycin) [45-48]. JNK is involved in growth
plate development and chondrocyte differentiation [49] and suppresses melanogenesis by
interfering with CREB-regulated transcription coactivator 3-dependent microphthalmia-
associated transcription factor (MITF) activation [50]. PI3K/Akt signaling is a key regula-
tor in terminal chondrocyte differentiation [51] as well as in cell proliferation and apopto-
sis of melanocytes [52]. The JAK/STAT (signal transducer and activator of transcription)
pathway constitutes the principal signaling pathway for growth factor receptors [53]
which affect body height. Interestingly, JAK inhibitors have recently been explored as a
promising novel treatment option for vitiligo by inducing re-pigmentation [54]. ERK in-
hibits chondrocyte differentiation, and its hyperactivation contributes to short stature [55].
At the same time, the ERK/CREB pathway is known to enhance melanin synthesis via
upregulation of MITF and TRP-1 [56]. The activity of mTOR is increased by mitogenic
signals through PISK/AKT [57] and contributes to chondrocyte hypertrophy and differen-
tiation [58]. The mTOR pathway is also involved in melanocyte survival in response to
UV radiation and oxidative stress [59] and its modulation is thought to offer better ap-
proaches for the clinical management of vitiligo [60].

Environmental stress can trigger the onset of vitiligo [10,11], especially in adulthood.
Striae-induced Koebner phenomenon is observed in vitiligo [61-63], and the fact that
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striae are more common in taller individuals with intense growth spurts can explain the
increased risk of vitiligo with height.

Accumulative UV-radiation exposure is another known environmental trigger of vit-
iligo [11]. UV irradiance increases with altitude, which also applies to body height, thus
contributing to the higher incidence of vitiligo as well as skin cancer [44] and actinic ker-
atosis [24] in taller individuals. This is especially true in the elderly population who have
high cumulative exposure to UV radiation.

Strengths of our cohort study include its large population derived from a nationwide
database. This is a quality controlled NHI claims database with a sample size of 50 million
[64]. This provided us with the ability to control for potential confounders such as age,
gender, BMI, presence of hypertension, presence of DM, presence of hyperlipidemia,
smoking, alcohol consumption, and income status. The homogeneity of the Korean pop-
ulation also adds strength to our findings.

The limitations of our study are a relatively short follow-up period and the lack of
information on vitiligo severity, family history, use of medications, and occupational in-
formation related to UV-radiation exposure. Also, since the study cohort was recruited
from health checkup examinees, the study was not free from selection bias.

In conclusion, adult body height was significantly linked to an increased risk of viti-
ligo in this nationwide, prospective cohort study. Further research on the mechanisms
that underlie the association between height and vitiligo could assist in disease preven-
tion.

Supplementary Materials: The following are available online at www.mdpi.com/arti-
cle/10.3390/jcm10173958/s1. Table S1:Table that illustrates cut-off value of the height of quintile ac-
cording to age and sex.
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