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Abstract
Background: Systemic effects of long-term narrowband ultraviolet B (NB-UVB) phototherapy 

have not been well studied in vitiligo patients. An 11-year nationwide population-based 

retrospective cohort study was conducted using the Korean National Health Insurance claims 

database (2007–2017). 

Objectives: To investigate the effects of long-term NB-UVB phototherapy on the risk of 

cardiovascular and cerebrovascular events in vitiligo patients.

Methods: This study included vitiligo patients with ≥100 phototherapy sessions (phototherapy 

group, n = 3,229) and <3 phototherapy sessions (no phototherapy group, n = 9,687), in which 

covariables with age, sex, insurance type, and comorbidities such as diabetes, hypertension, and 

hyperlipidemia were matched by 1:3 propensity score matching. The outcomes of interest were 

cardiovascular (ischemic heart disease and myocardial infarction) and cerebrovascular events 

(cerebrovascular infraction and hemorrhage). Cox proportional hazards models were used to 

assess the associations between NB-UVB phototherapy and each event. 

Results: The risk of cardiovascular or cerebrovascular events was significantly decreased in the 

phototherapy group compared with the no phototherapy group (hazard ratio [HR] 0.637, 95% 

confidence interval [CI] 0.523–0.776). Subgroup analysis revealed that the risk of cardiovascular 

(HR 0.682, 95% CI 0.495–0.940) and cerebrovascular events (HR 0.601, 95% CI 0.470–0.769) 

were significantly lower in the phototherapy group than the no phototherapy group, respectively. 

Conclusions: Our findings suggest that long-term NB-UVB phototherapy could decrease the risk 

of cardiovascular and cerebrovascular events in patients with vitiligo.

Keywords: Cardiovascular; Epidemiology; Photobiology; Phototherapy; Vitiligo
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Abbreviations list

NB-UVB: Narrowband ultraviolet B

NHI: National Health Insurance

ICD-10-CM: International Classification of Disease, Tenth Revision, Clinical Modification 

IHD: ischemic heart disease

MI: myocardial infarction

CIF: cerebral infarction

CH: cerebral hemorrhage 

HR: hazard ratio

CI: confidence interval 
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Introduction

Vitiligo is a chronic depigmentation skin disorder characterized by white macules and patches that 

affects 1% of the population worldwide.1,2 Narrowband ultraviolet B (NB-UVB) phototherapy 

using a peak wavelength of 311 nm has been the mainstay of vitiligo treatment for decades.3 The 

mechanism of action of NB-UVB phototherapy involves suppression of autoreactive T cells in the 

skin and the induction of repigmentation via melanocyte differentiation, proliferation, and 

migration from the hair follicles or surrounding healthy skin.4,5 In patients with vitiligo, NB-UVB 

phototherapy is administered two to three times per week for several months to years to achieve 

marked repigmentation.3,6 Therefore, the long-term UV exposure associated with phototherapy has 

been a major concern for patients with vitiligo.

The cutaneous effects of NB-UVB phototherapy are widely recognized and include short-

term events such as transient erythema, blistering and hyperpigmentation, and long-term events 

such as premature photoaging.7,8 However, the systemic effects of NB-UVB phototherapy on 

aspects of internal health have not been fully investigated. On the other hand, the prevalence of 

cardiovascular disease has been known to be associated with latitude or seasonal variation.9-15 

Furthermore, previous epidemiological studies have demonstrated that reduced exposure to 

sunlight leads to decrease in high-density lipoprotein levels,16 and increase in blood pressure,15 all-

cause mortality17 and incidence of stroke.18 Thus, the effects of long-term UV exposure on 

cardiovascular system need to be clarified.

In the present study, we investigated the effects of long-term NB-UVB phototherapy on the risk of 

cardiovascular and cerebrovascular events in patients with vitiligo using the Korean National 

Health Insurance (NHI) claims database covering an 11-year period.
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Materials and methods

Data source

Data were obtained from the Korean NHI claims database, which contains all NHI claims, and the 

records of the Korean Medical Aid program for the period 2007–2017. The Korean NHI system is 

a mandatory health insurance program that covers nearly 50 million Korean residents.19 The 

database uses the International Classification of Disease, Tenth Revision, Clinical Modification 

(ICD-10-CM) codes. The study was approved by the Institutional Review Board of St. Vincent’s 

Hospital (VC17ZESI0090).

Study population

All patients aged ≥40 years who were diagnosed with vitiligo (ICD-10-CM code L80) and visited 

physicians at least four times for that condition between 2007 and 2017 were included in the study 

to minimize misdiagnosis. The patients were classified into two groups according to the number of 

NB-UVB phototherapy treatment sessions they had undergone: <3, and ≥100. The no 

phototherapy group was defined as patients who had <3 phototherapy sessions, given that a few 

exposures would be expected to have a minimal effect on general health. Patients diagnosed with 

chronic obstructive pulmonary disease (J44), chronic kidney disease (N18), liver cirrhosis (K4, 

K703), and/or heart failure (I50) were excluded to ensure that only generally healthy patients were 

included in the study. Furthermore, to ensure that only new events associated with phototherapy 

were assessed, patients diagnosed with outcome of interest of any cardiovascular or 

cerebrovascular event prior to the diagnosis of vitiligo were also excluded from the enrollment. 

Propensity score matching

Propensity score matching with confounding variables including age, sex, socioeconomic status 

(indicated by insurance type), and the presence of diabetes, hypertension and hyperlipidemia, was 

done in 1:3 ratio between the phototherapy group and the no phototherapy group. Comorbidities 

included diabetes (E10, E11, E12, E13, and E14), hypertension (I10), and hyperlipidemia (E78) 

were defined as at least ten visits to physicians for that condition during the study period. 

Outcomes of interest

The outcomes of interest were cardiovascular and cerebrovascular events that occurred after A
cc

ep
te

d 
A

rt
ic

le



This article is protected by copyright. All rights reserved

enrollment in the study: both types of event result from atherosclerosis, a chronic inflammatory 

condition of the cardiovascular system. Cardiovascular events included ischemic heart disease 

(IHD) (I24) and myocardial infarction (MI) (I21), and cerebrovascular events included cerebral 

infarction (CIF) (I63) and cerebral hemorrhage (CH) (I60, I61, and I62). Validation studies 

regarding the accuracy of diagnosis codes of MI and cerebrovascular disease in Korea showed 

high degree of agreement with clinical hospital records, in which positive predictive value for MI 

and CIF/CH were found to be more than 70% and 90%, respectively.20,21 The diagnoses were 

defined by at least one visit to a physician for the corresponding diagnostic code during the study 

period. The index date was defined as the date on which patient was first diagnosed with vitiligo 

during the study period. The overall risk of such events was compared between the two groups. 

End point of follow-up in this study was the date on which cardiovascular or cerebrovascular 

events occurred, or the end date of the study period. Because data source included all NHI claims, 

all patients were followed up until the end of study period except for death, which was excluded 

from the analysis.

Subgroup analysis

To investigate the risk of cardiovascular or cerebrovascular events in subgroups of patients by sex 

and age, we did subgroup analysis in subpopulation of male and female, and age of 40-59 years 

and ≥60 years.

Statistical analysis

Chi-square test was used to compare the proportion of the demographic characteristics of the two 

groups. Stratified Cox proportional hazards models were used to assess the associations between 

NB-UVB phototherapy and each event. All analyses were performed using SAS software version 

9.4 (SAS Institute, Cary, NC, USA).
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Results

Study population

This study included patients with ≥100 phototherapy sessions (phototherapy group, n = 3,229) and 

<3 phototherapy sessions (no phototherapy group, n = 9,687), in which covariables with age, sex, 

insurance type, comorbidities such as diabetes, hypertension, and hyperlipidemia were matched by 

1:3 propensity score matching. Given that psoralen was not available in Korea during the study 

period, NB-UVB was the only type of phototherapy represented in the sample. The mean age of 

the patients was 52.9 ± 8.6 years, and 37.9% of patients were male in the two groups, respectively 

(Table 1). The inclusion and exclusion criteria and propensity score matching procedure of the 

study population were summarized in the flow diagram (Figure 1).

Overall risk of cardiovascular or cerebrovascular events

The overall incidence rates of cardiovascular or cerebrovascular events were 95.6 and 60.0 per 

10,000 person-years in the no phototherapy and phototherapy groups, respectively. The risk of all 

events was significantly decreased in the phototherapy group compared with the no phototherapy 

group (hazard ratio [HR] 0.637, 95% confidence interval [CI] 0.523 – 0.776). (Table 2)

Risk of each cardiovascular event

The risk of cardiovascular events in the phototherapy group was significantly lower than that in 

the no phototherapy group (HR 0.682, 95% CI 0.495 – 0.940). Furthermore, the phototherapy 

group showed lower risk of IHD (HR 0.700, 95% CI 0.498 – 0.984) and MI (HR 0.508, 95% CI 

0.239 – 1.081) than the no phototherapy group; however, the decreased risk of MI did not reach 

statistical significance, possibly due to the small number of events (Figure 2). 

Risk of each cerebrovascular event

The risk of cerebrovascular events was significantly lower in the phototherapy group than that in 

the no phototherapy group (HR 0.601, 95% CI 0.470 – 0.769). The phototherapy group also 

showed lower risk of CIF (HR 0.581, 95% CI 0.448 – 0.754) and CH (HR 0.955, 95% CI 0.493 – 

1.853) than the no phototherapy group (Figure 2).

Subgroup analysis by sex and ageA
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Subgroup analysis by sex revealed decreased risk of overall risk of cardiovascular or 

cerebrovascular events in male (HR 0.748, 95% CI 0.548 – 1.021) and female (HR 0.574, 95% CI 

0.444 – 0.743), respectively (Table 3). Subgroup analysis by age revealed decreased risk of overall 

risk of cardiovascular or cerebrovascular events in both patients with age of 40-59 years (HR 

0.730, 95% CI 0.560 – 0.953) and patients with age of ≥60 years (HR 0.599, 95% CI 0.445 – 

0.807) as well.
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Discussion

In the present study, we found the significantly decreased risk of cardiovascular or cerebrovascular 

events (HR 0.637) in patients who underwent ≥100 NB-UVB phototherapy sessions (n = 3,229) 

compared with the propensity score matched no phototherapy group (n = 9,687). The phototherapy 

group was also associated with lower risk of cardiovascular (HR 0.682) and cerebrovascular 

events (HR 0.601) than the no phototherapy group, respectively. Those findings were consistent in 

the subgroups according to sex (male and female) or age (40-59 years and ≥60 years).

The short-term effects of UV radiation on the cardiovascular system have been 

investigated in a few clinical studies. One study showed that whole-body broadband UVB 

irradiation at suberythematous doses three times per week significantly lowered ambulatory 

daytime and nighttime blood pressure for 6 weeks in nine patients with mild essential 

hypertension.22 In clinical studies on healthy volunteers, whole-body UVA irradiation has been 

shown to rapidly vasodilate the arterial vasculature and subsequently lower blood pressure via the 

release of nitric oxide.23,24 In a 12-week, randomized, double-blind clinical trial of adalimumab, 

phototherapy, and placebo for patients with psoriasis, phototherapy decreased serum CRP, and 

interleukin-6, whereas it increased high-density lipoprotein-p, but not decreased metabolic 

markers (insulin, adiponectin, and leptin) and radiologically measured vascular inflammation.25 

However, the long-term effects of UV radiation have not been investigated. In the present study, 

we assumed that ≥100 phototherapy sessions represent long-term phototherapy because it usually 

takes more than one or two year and found that long-term phototherapy would decrease the risk of 

cardiovascular and cerebrovascular events in patients with vitiligo. Taken together, these findings 

suggest that long-term NB-UVB phototherapy could influence systemically on the cardiovascular 

system beyond the cutaneous effects.

Several experimental studies have investigated the mechanism of action underlying the 

effect of phototherapy on the cardiovascular system. An in vitro study showed a marked increase 

in nitric oxide release from human foreskin keratinocytes and microvascular endothelial cells 

following UVA phototherapy.26 NB-UVB phototherapy reduced the degree of intimal hyperplasia 

in a carotid balloon injury rat model,27 and UVB exposure inhibited the development of 

atherosclerosis via regulation of the proatherogenic T cell response in atherosclerosis-prone 

mice.28 Furthermore, phototherapy has been shown to suppress the inflammatory Th1/Th17 axis29 

and decrease inflammatory markers in patients with psoriasis.30,31 Taken together, it could be A
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suggested that long-term NB-UVB phototherapy influences the cardiovascular system not only 

reducing blood pressure via nitric oxide release from the skin, but also by inhibiting the 

progression of atherosclerosis via regulating the proatherogenic T cell response. However, more 

studies are needed to identify the mechanism of action mediating the systemic effects of UV 

radiation on the cardiovascular system.

Previous studies on psoriasis have shown that the use of systemic anti-inflammatory drugs 

decreased the risk of cardiovascular event in patients with psoriasis, and these findings were 

presumed to be due to alleviation of increased systemic inflammation in psoriasis.32-35 Because 

most studies focused on the effects of systemic anti-inflammatory drugs, the effect of 

phototherapy itself on cardiovascular system was not investigated even in psoriasis, and one study 

revealed that patients with psoriasis who were treated with TNF inhibitors exhibited a lower risk 

of cardiovascular event, compared to patients with psoriasis treated with phototherapy.36 Vitiligo 

patients represent a medically healthy population without increased cardiovascular or 

cerebrovascular risk, because the melanocyte-specific autoimmunity is hardly associated with 

systemic inflammation. Therefore, our study implies incidental benefits of NB-UVB phototherapy 

for cardiovascular disease in a general healthy population.

Another potential mechanism of the protective phototherapy on cardiovascular system 

includes vitamin D. Phototherapy is known to increase serum concentration of 25(OH)D3.37-39 

Vitamin D deficiency may result in enhanced susceptibility of cardiovascular diseases via pro-

oxidant and pro-inflammatory mechanisms, and have an influence on endothelial function and 

arterial thrombogenesis.40,41 However, there are controversies of the association between vitamin 

D and cardiovascular diseases. Observational studies suggest the association between low vitamin 

D levels and cardiovascular diseases.42,43 Recent meta-analysis of 21 randomized clinical trials 

suggested that vitamin D supplementation cannot reduce cardiovascular diseases.41

Unexpectedly, in this study, vitiligo patients who received phototherapy were much less 

than those who did not, although phototherapy is the main treatment of vitiligo. Probably this is 

because excimer laser is preferred rather than phototherapy especially in private clinic (excimer is 

not regarded as phototherapy), and quite a few patients still have oriental medicine or no 

treatment, all of which show a real-world practice environment in Korea.

Our study has several limitations. First, the identification of diagnoses based on disease 

codes may have involved error. To minimize the misdiagnosis, we defined vitiligo as the recording A
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of four or more documented physician contacts for the condition.44 Second, we were unable to 

obtain detailed disease-related information, including the subtype, extent, onset, duration of 

vitiligo, and dosage of phototherapy. Third, the study may have involved selection bias, as patients 

who underwent ≥100 phototherapy sessions could have had better general health than those who 

received no phototherapy, although covariables were matched between the two groups through 

propensity score matching. To minimize the risk of confounding, we excluded patients with organ 

failures including heart failure, chronic obstructive pulmonary disease, chronic kidney disease, and 

liver cirrhosis, and patients with cardiovascular or cerebrovascular events prior to the enrollment. 

However, other potential confounding factors, such as body mass index, family history, smoking, 

and lifestyle may have influenced our findings. Fourth, we did not assess mortality because the 

data was not available in the database. Finally, our results in Koreans, the known lower risk group 

of skin cancer, may not be generalizable to patients of other ethnicities. Potential pros and cons of 

long-term phototherapy can be different between ethnicities, such as risk of skin cancer, therefore 

necessitate further investigation. Nevertheless, our study has strengths in that all eligible patients 

with vitiligo in one country were included and followed up for 11 years without attrition of patient 

numbers. 

In conclusion, long-term NB-UVB phototherapy was found to be associated with the 

decreased risk of cardiovascular or cerebrovascular event in patients with vitiligo in a nationwide 

population-based cohort study. Our findings provide clinicians and researchers with insights into 

the beneficial effects of UV radiation on the cardiovascular system. Furthermore, our findings may 

be useful for patients with vitiligo who are concerned about the systemic adverse effects of long-

term NB-UVB phototherapy. Further studies in other ethnic groups are needed to confirm our 

findings. Further studies are needed to measure the effect of phototherapy on the atherosclerosis, 

by means of intima-media thickness and/or coronary artery imaging. 
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Figure legends

Figure 1. Flow diagram of inclusion and exclusion criteria of study population and 1:3 

propensity score matching. Heart failure (HF); chronic obstructive pulmonary disease (COPD); 

chronic kidney disease (CKD); and liver cirrhosis (LC); ischemic heart disease (IHD); myocardial 

infarction (MI); cerebral infarction (CIF); cerebral hemorrhage (CH). 

Figure 2. Incidence rates (per 10,000 person-years) with 95% confidence interval (CI) of the 

cardiovascular or cerebrovascular events in the narrowband ultraviolet B phototherapy 

groups (≥100) and no phototherapy groups, and forest plots of hazard ratios with 95% CI 

between them.
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Table 1. Characteristics of the study population 

  No phototherapy group, N (%) Phototherapy group, N (%) P-Value  

Total 9,687 (100%) 3,229 (100.0%) 
 

Age (Mean ± SD)    
52.9 ±8.6 

 

52.9 ±8.6 

 
1.0000 

(Median [IQR]) 51.0 (46.0-59.0) 51.0 (46.0-59.0)  

40-49 4,023 (41.5%) 1,341 (41.5%) 
 

50-59 3,405 (35.2%) 1,135 (35.2%) 
 

60-69 1,902 (19.6%) 634 (19.6%) 
 

70-79 351 (3.6%) 117 (3.6%) 
 

80- 6 (0.1%) 2 (0.1%) 
 

Sex 
  

1.0000 

Male 3,672 (37.9%) 1,224 (37.9%) 
 

Female 6,015 (62.1%) 2,005 (62.1%) 
 

NB-UVB sessions1 
   

100-199 
 

2,001 (62.0%) 
 

200-399 
 

943 (29.2%) 
 

400-599 
 

220 (6.8%) 
 

600-799 
 

50 (1.5%) 
 

800- 
 

15 (0.5%) 
 

Insurance type 
  

1.0000 

Health insurance 9,258 (95.6%) 3,086 (95.6%) 
 

Medical aid 429 (4.4%) 143 (4.4%) 
 

Comorbidity 
   

Diabetes mellitus 1,227 (12.7%) 409 (12.7%) 1.0000 

Hypertension 3,504 (36.2%) 1,168 (36.2%) 1.0000 

Hyperlipidemia 2,697 (27.8%) 899 (27.8%) 1.0000 

NB-UVB, narrowband ultraviolet B; SD, standard deviation  A
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Table 2. Risk of cardiovascular or cerebrovascular events in vitiligo patients with no phototherapy and ≥100 sessions of narrowband 

ultraviolet B phototherapy 

  Incidence rate
1 
(95% CI) Events (n) Patients (n) Person-years Hazard ratio (95% CI) P-value 

All events 
     

 

No phototherapy 95.6 (87.4-104.2) 507 9,687 53,059 Reference  

   Phototherapy (≥100) 60 (49.8-71.7) 122 3,229 20,329 0.637 (0.523–0.776) < 0.0001 

Cardiovascular events 
     

 

   No phototherapy 33.8 (29.1-39.0) 184 9,687 54,458 Reference  

   Phototherapy (≥100) 22.7 (16.7-30.2) 47 3,229 20,705 0.682 (0.495–0.940) 0.0192 

Cerebrovascular events 
     

 

   No phototherapy 64.2 (57.6-71.3) 345 9,687 53,754 Reference  

   Phototherapy (≥100) 38.0 (30.0–47.4) 78 3,229 20,526 0.601 (0.470–0.769) < 0.0001 

Ischemic heart disease 
      

No phototherapy 29.3 (25.0-34.2) 160 9,687 54,572 Reference 
 

   Phototherapy (≥100) 20.3 (14.6-27.4) 42 3,229 20,729 0.700 (0.498-0.984) 0.0399 

Myocardial infarction 
      

   No phototherapy 7.8 (5.7-10.5) 43 9,687 55,035 Reference 
 

   Phototherapy (≥100) 3.8 (1.7-7.6) 8 3,229 20,876 0.508 (0.239-1.081) 0.0787 

Cerebrovascular infarction 
      

   No phototherapy 58.7 (52.4-65.5) 316 9,687 53,876 Reference 
 

   Phototherapy (≥100) 33.6 (26.1-42.5) 69 3,229 20,565 0.581 (0.448-0.754) < 0.0001 

Cerebrovascular hemorrhage 
      

   No phototherapy 6.0 (4.1-8.4) 33 9,687 55,086 Reference 
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   Phototherapy (≥100) 5.8 (3.0-10.0) 12 3,229 20,858 0.955 (0.493-1.853) 0.8923 

1
Incidence rate per 10,000 person-years. CI, confidence level; HR, hazard ratio. 
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Table 3. Subgroup analysis according to the sex and age  

 Male Female 40-59 years 60- years 

 
HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value HR (95% CI) P-value 

All events         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.748 (0.548-1.021) 0.0672 0.574 (0.444-0.743) <0.0001 0.730 (0.560-0.953) 0.0206 0.599 (0.445-0.807) 0.0007 

Cardiovascular events         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.780 (0.495-1.228) 0.2829 0.603 (0.384-0.949) 0.0289 0.675 (0.445-1.024) 0.0645 0.758 (0.459-1.251) 0.2779 

Cerebrovascular events         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.691 (0.456-1.047) 0.0811 0.560 (0.412-0.759) 0.0002 0.764 (0.545-1.070) 0.1174 0.523 (0.363-0.753) 0.0005 

Ischemic heart disease         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.799 (0.491-1.300) 0.3660 0.624 (0.387-1.004) 0.0517 0.659 (0.420-1.033) 0.0688 0.831 (0.494-1.398) 0.4853 

Myocardial infarction         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.571 (0.218-1.498) 0.2552 0.430 (0.127-1.454) 0.1746 0.728 (0.315-1.684) 0.4586 0.182 (0.024-1.363) 0.0972 

Cerebrovascular infarction         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 0.624 (0.396-0.983) 0.0421 0.560 (0.407-0.770) 0.0004 0.720 (0.499-1.037) 0.0776 0.529 (0.364-0.771) 0.0009 

Cerebrovascular hemorrhage         

   No phototherapy Reference  Reference  Reference  Reference  

   Phototherapy (≥100) 1.563 (0.615-3.973) 0.3477 0.617 (0.232-1.641) 0.3335 1.040 (0.453-2.385) 0.9265 0.879 (0.289-2.677) 0.8209 

CI, confidence level; HR, hazard ratio.  
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