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Introduction: Herpes zoster ophthalmicus (HZO) occurs due to the reactivation
of latent varicella-zoster virus (VZV) and is characterized by the involvement of
the ophthalmic branch of the trigeminal nerve. While this pathophysiology is well-
established, the precise mechanisms driving VZV reactivation remain incompletely
understood. Furthermore, it is unclear whether individuals with common comorbidities
that compromise immune function face an elevated risk of developing HZO.
Investigating potential links between HZO and chronic systemic conditions holds
significant importance from public health, medical, and scientific perspectives. To
address these gaps, we conducted a study to examine the association between
HZO development, sociodemographic factors, and systemic comorbidities.

Materials and methods: This nationwide, population-based, retrospective,
matched case-controlled study included 52,112 patients with HZO (identified by the
International Classification of Diseases, Ninth Revision, Clinical Modification code
053.2 for herpes zoster with ophthalmic complications) from the Taiwan National
Health Insurance Research Database. The age-, sex-, and index date-matched
control group included 52,112 non-HZO individuals from the Taiwan Longitudinal
Health Insurance Database 2000. Sociodemographic factors and associated
systemic diseases were examined using univariate logistic regression analyses, and
continuous variables were analysed using paired t-tests. The odds ratios (ORs) for
developing HZO were compared using adjusted logistic regression analysis.

Results: Patients with systemic diseases (hypertension, diabetes, hyperlipidaemia,
etc.) had significantly higher ORs for HZO development. Patients whose
monthly income was >NT$ 30,000 and patients residing in southern Taiwan
had increased odds of developing HZO; however, patients residing in northern
Taiwan, metropolitans, or satellite cities, and being public servants (military, civil,
teaching staff, etc.) had decreased odds of developing HZO.

Discussion: HZO is strongly associated with hypertension, diabetes mellitus,
hyperlipidaemia, coronary artery disease, chronic renal disease, and human
immunodeficiency virus infection. These findings emphasise the role of systemic
health in HZO risk.

KEYWORDS
herpes zoster ophthalmicus, case-controlled study, sociodemographic factors, Taiwan
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1 Introduction

The varicella-zoster virus (VZV, or human herpes virus type 3)
causes varicella infection and is found worldwide (1). The virus causes
two distinct diseases. Primary infection, also called chickenpox, is
caused by the highly contagious and airborne VZV during childhood.
After the initial infection, VZV remains in the sensory ganglionic
neurones in the trigeminal or dorsal root of the host for a lifelong
latent period. In contrast, herpes zoster (HZ), or shingles, is a sporadic
neurocutaneous disease caused by reactivation of the latent VZV in
the sensory spinal or cerebral ganglia. Subsequently, the virus may
travel along neurones to the sensory axons of the skin, resulting in a
dermatological rash (1, 2).

Herpes zoster ophthalmicus (HZO) results from the reactivation
of latent VZV and is characterized by involvement of the ophthalmic
branch of the trigeminal nerve, accounting for 10-25% of all HZ cases
(1, 3, 4). Clinically, it presents as a vesicular rash around the eye in the
V1 dermatome. Patients with HZO may experience a prodromal
phase with symptoms, such as fever, malaise, headache, and ocular
pain, before the appearance of the rash. The patients may also report
increased eye pressure, tearing, redness, or blurred vision. Pain along
the trigeminal nerve can be intense, and chronic pain may develop in
the form of postherpetic neuralgia. VZV can infect all layers of the
eye, leading to a wide range of ocular manifestations, including
conjunctivitis, keratitis, scleritis, uveitis, retinal necrosis, optic neuritis,
cranial nerve palsy, and orbital apex syndrome, with outcomes ranging
from minimal visual disturbance to permanent vision loss (1, 5-9).

The exact mechanisms underlying the reactivation of latent VZV
remain unclear. Historically, a decline in cell-mediated immunity was
believed to be a key factor in the reactivation of the VZV and was
often cited as the reason why immunosuppressive conditions and
advancing age are consistently identified as major risk factors for HZ
(5, 10-12). However, recent studies have acknowledged that while HZ
is more common and severe in immunocompromised individuals, the
majority of HZ cases occur among immunocompetent patients whose
risk factors are not well characterized (13-16). A population-based
study of 1,669 adult residents in Olmsted County found that 92% of
patients with HZ were immunocompetent (13). Additionally, Tran
et al. collected data, involving 90 patients, over a span of 4 years, and
reported that 78.9% of individuals with HZO in their study were
immunocompetent (14). This shift in understanding highlights the
need to investigate and characterize the demographic profiles of
patients with HZO.

Several previous studies have reported possible associations
between HZ and certain chronic conditions (16, 17). Associations
between the incidence of HZ and hypertension, diabetes mellitus,
hyperlipidaemia, coronary artery disease (CAD), chronic renal disease
(CRD), and human immunodeficiency virus infection (HIV) have
been recently reported as risk factors for HZ (16, 17). Chronic
conditions may contribute to the unexplained burden of HZ (16).

Compared with HZ, HZO has often been underreported in
retrospective studies. It remains unclear whether the risk of developing
HZO is elevated in patients with common underlying conditions that
may impact immune function. Investigating the relationship between
HZO and chronic conditions is important for medical, scientific, and
public health reasons. To explore the association between
sociodemographic factors, various comorbid conditions, and HZO,
we conducted a nationwide, population-based case-control study
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utilizing Taiwans National Health Insurance Research Database
(NHIRD).

1.1 Database

Our cohort study used data from Taiwans National Health
Insurance Research Database (NHIRD), made available by the
National Health Research Institute (NHRI). This database includes
encrypted patient identifiers, demographic information (age, sex,
and residential area), and admission and discharge dates. It also
incorporates the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes to cover
procedures, diagnoses, prescriptions, and associated costs funded
by the NHRI. The Institutional Review Board of the Chi-Mei
Medical Center in Tainan has waived the need for ethical approval
and informed consent for this study, due to the use of
de-identified data.

1.2 Selection of patients and variables

This population-based case-control study included an HZO
group (ICD-9-CM code 053.2) and a matched non-HZO control
group. Data were collected from 1 January 2001 to 31 December 2013.
Figure 1 depicts the study’s flowchart. In total, 52,112 patients
diagnosed with HZO were enrolled, and their data were obtained
from the NHIRD after excluding patients of unknown sex, those with
missing demographic data, and those diagnosed with HZO before 1
January 2001.

For each individual diagnosed with HZO, we randomly selected
a control participant (an individual without HZO) from the 2000
Longitudinal Health Insurance Database. This database is a subset of
the NHIRD, encompassing comprehensive claims data for one million
beneficiaries throughout year 2000. The controls (n = 52,112) were
matched to the patients with HZO based on age (+30 days), sex, and
the index date (the first day of HZO diagnosis). Controls were
excluded if they were diagnosed with HZO before the specified index
date. To determine the medical comorbidities of the patients with
HZO, data regarding comorbid conditions, such as hypertension
(ICD-9-CM codes 401-405), diabetes mellitus (ICD-9-CM code 250),
hyperlipidaemia (ICD-9-CM code 272), CHF (ICD-9-CM code 428),
CAD (ICD-9-CM codes 410-414), CRD (ICD-9-CM codes 582-588
except 584 and 587), HIV infection (ICD-9-CM codes 042 and V08),
and post-organ transplantation (ICD-9-CM codes 68035B, 68037B,
68047B, 75020B, and 76021B), were collected. These comorbidities
were identified based on the ICD-9-CM codes recorded within the
year before the index date and ascertained using three or more
ambulatory care claims or inpatient admissions.

1.3 Statistical analysis

All statistical analyses were conducted using the SAS software
(version 9.4; SAS Institute, Inc., Cary, NC, United States).
Demographic characteristics, such as age group, sex, income,
geographic region, residential city status, and occupation, were
analyzed using McNemar’s test, while continuous variables were
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Herpes zoster ophthalmicus
(HZO) Comparison cohort
National Health Insurance LHID2000 from NHIRD
Research Database (NHIRD) 2001-2013
2001-2013
Excluded patients
with unknown sex or
missing demographic
data
A4 W
Newly selected HZO Patients with ophthalmology visits
(n=52,112) (without HZO) (n = 583,935)
Matching (1:1) by gender, index year and birth year
Newly selected HZO Selected controls
(n=52,112) (n=52,112)
FIGURE 1
Flowchart detailing the enrollment process for patients diagnosed with herpes zoster ophthalmicus and their control counterparts

evaluated using paired f-tests. McNemar’s test was also used to
compare comorbid conditions between patients with HZO and
controls. Odds ratios (ORs) were calculated using univariate logistic
regression analyses, and adjusted ORs for various comorbidities
associated with an HZO diagnosis were determined via multivariable
logistic regression adjusted for age, sex, and index date. The
independent variables in these analyses included sociodemographic
factors (income, geographic region, residential city status, and
occupation) and all pertinent medical conditions. Statistical
significance was set at p < 0.05 for all analyses.

2 Results
2.1 Demographic data

2.1.1 Sociodemographic factors

After excluding ineligible patients, our analysis focused on 52,112
individuals diagnosed with HZO, along with an equal number of age-
and sex-matched controls, who utilized medical care services covered
by the NHRI from 2001 to 2013. The mean age of patients with HZO
and controls was 53.94 years, with a standard deviation of 17.52
(Table 1). Among the 52,112 patients with HZO, 26,655 (51.15%) were
male, while 25,457(48.85%) were female.
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Significant differences emerged in income distribution between
patients with HZO and controls (p < 0.0001). The predominant
monthly income bracket of patients with HZO was below 30,000
New Taiwan dollars (NT$), constituting 59.67% of the cohort
(31,097 individuals). Geographic distribution also displayed a
notable dissimilarity between the two groups (p < 0.0001). Northern
Taiwan emerged as the most common region of residence for those
diagnosed with HZO, accounting for 46.56% of cases (n = 24,264).
Examining urban-rural disparities, a substantial majority of
patients with HZO resided in metropolitan cities (n = 39,158;
75.14%), showing a statistically significant difference when
compared with those in rural areas (n = 9,910; 19.02%) and satellite
cities (n =3,044; 5.84%). Occupational classification further
underscored the differences among patients with HZO. Notably,
more than half of the 33,190 patients with HZO held positions as
public servants, including military, civil, and teaching staff
(n =26,443; 50.74%).

2.1.2 Comorbid conditions

Patients with HZO exhibited a significantly higher prevalence of
systemic diseases, such as hypertension (n=15,394; 29.54%;
p<0.0001), diabetes mellitus, (n=7,262; 13.94%; p < 0.0001),
hyperlipidaemia (n = 8,211; 15.76%; p < 0.0001), CHF (n = 1,315;
2.52%; p <0.0001), CAD (n=5,363; 10.29%; p <0.0001), CRD
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TABLE 1 Baseline sociodemographic factors and comorbidities of patients with herpes zoster ophthalmicus and age- and sex-matched controls.

Herpes zoster ophthalmicus Comparison
N =52,112 N =52,112
Sociodemographic factors n (%) n (%)
Age (years; mean + SD) 53.94 +17.52 53.94 +17.52 1.0000*
Age (years)
<25 2,819 (5.41) 2,819 (5.41) 1.0000°
25-34 5,981 (11.48) 5,981 (11.48)
35-44 6,562 (12.59) 6,562 (12.59)
45-54 9,562 (18.35) 9,562 (18.35)
55-64 11,403 (21.88) 11,403 (21.88)
>65 15,785 (30.29) 15,785 (30.29)
Sex
Male 26,655 (51.15) 26,655 (51.15) 1.0000°
Female 25,457 (48.85) 25,457 (48.85)
Income <0.0001°
<NT$ 30,000 31,097 (59.67) 32,861 (63.06)
NT$ 30,000-60,000 16,261 (31.20) 15,450 (29.65)
NT$ 60,000-90,000 3,472 (6.66) 2,909 (5.58)
NTS$ 90,000-120,000 654 (1.25) 489 (0.94)
>NT$ 120,000 628 (1.21) 403 (0.77)
Geographical region of Taiwan <0.0001°
Northern 24,264 (46.56) 25,653 (49.23)
Central 9,415 (18.07) 10,290 (19.75)
Southern 17,221 (33.05) 14,585 (27.99)
Eastern 1,212 (2.33) 1,584 (3.04)
Residential city status <0.0001°
Metropolis 39,158 (75.14) 36,242 (69.55)
Satellite 3,044 (5.84) 3,487 (6.69)
Rural 9,910 (19.02) 12,383 (23.76)
Occupation <0.0001°
Public servant 26,443(50.74) 25,943 (49.78)
Farmer 7,741(14.85) 8,606 (16.51)
Fisherman 1,480(2.84) 954 (1.83)
Others 16,448(31.56) 16,609 (31.87)
Comorbid conditions
Hypertension 15,394 (29.54) 13,830 (26.54) <0.0001°
Diabetes mellitus 7,262 (13.94) 6,421 (12.32) <0.0001°
Hyperlipidaemia 8,211 (15.76) 6,649 (12.76) <0.0001°
Congestive heart failure 1,315 (2.52) 1,083 (2.08) <0.0001°
Coronary artery disease 5,363 (10.29) 4,171 (8.00) <0.0001°
Chronic renal disease 2,115 (4.06) 1,393 (2.67) <0.0001°
Human immunodeficiency virus 129 (0.25) 22 (0.04) <0.0001°
infection
Organ transplants 21 (0.04) 15 (0.03) 0.3172%

*Paired t-test; "McNemar’s test; NT$, New Taiwan dollars; SD, standard deviation.
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TABLE 2 Odds ratios and adjusted odds ratios of various sociodemographic factors and comorbid conditions for herpes zoster ophthalmicus.

Odds ratio® Adjusted odds ratio?
(95% Cl) (95% ClI)

Sociodemographic factors

Income
<NT$ 30,000 1.00 1.00
NT$ 30,000-60,000 1.15 (1.12-1.18) <0.0001 1.19 (1.15-1.22) <0.0001
NT$ 60,000-90,000 1.32 (1.25-1.40) <0.0001 1.39 (1.31-1.47) <0.0001
NT$ 90,000-120,000 1.49 (1.32-1.68) <0.0001 1.59 (1.41-1.79) <0.0001
>NT$ 120,000 1.74 (1.53-1.98) <0.0001 1.87 (1.64-2.13) <0.0001

Geographical region of Taiwan
Northern 1.23 (1.14-1.33) <0.0001 0.86 (0.79-0.94) 0.0005
Central 1.20 (1.10-1.30) <0.0001 1.00 (0.92-1.09) 0.9924
Southern 1.54 (1.43-1.67) <0.0001 1.21 (1.11-1.31) <0.0001
Eastern 1.00 1.00

Residential city status
Metropolis 0.81 (0.77-0.85) <0.0001 0.84 (0.80-0.88) <0.0001
Satellite 0.74 (0.71-0.76) <0.0001 0.67 (0.65-0.70) <0.0001
Rural 1.00 1.00

Occupation
Public servant 1.05 (1.02-1.08) 0.0025 0.96 (0.93-0.99) 0.0058
Farmer 0.89 (0.85-0.92) <0.0001 0.97 (0.93-1.01) 0.1750
Fisherman 1.58 (1.45-1.72) <0.0001 1.59 (1.16-1.74) <0.0001
Others 1.00 1.00.

Comorbid conditions
Hypertension 1.21 (1.17-1.25) <0.0001 1.10 (1.06-1.14) <0.0001
Diabetes mellitus 1.16 (1.12-1.21) <0.0001 1.04 (1.00-1.08) 0.0489
Hyperlipidaemia 1.30 (1.25-1.35) <0.0001 1.20 (1.16-1.25) <0.0001
Congestive heart failure 1.23 (1.13-1.34) <0.0001 1.09 (1.00-1.19) 0.0536
Coronary artery disease 1.35(1.29-1.41) <0.0001 1.24 (1.18-1.30) <0.0001
Chronic renal disease 1.56 (1.45-1.67) <0.0001 1.44 (1.34-1.55) <0.0001
Human immunodeficiency 6.10 (3.84-9.67) <0.0001 6.44 (4.05-10.25) <0.0001
virus infection
Organ transplants 1.40 (0.72-2.72) 0.3196 1.33 (0.68-2.61) 0.4096

*0dds ratios were obtained from univariate logistic regression analyses; "Adjusted odds ratios were calculated from a multivariable logistic regression model that was conditioned on age group,

sex, and year of index date.
NTS$, New Taiwan dollars; CI, confidence interval.

(n =2,115; 4.06%; p < 0.0001), and HIV infection (n = 129; 0.25%;
p <0.0001), than controls (Table 1).

2.2 Associated risk factors

2.2.1 Sociodemographic factors

We used univariate logistic regression analyses and a multiple
logistic regression model (adjusting for age, sex, other
sociodemographic factors, and comorbidities)
sociodemographic factors, specifically monthly income, geographic
region, residential city status, and occupation of patients with HZO
and controls. Table 2 presents the results of the study.

to examine
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Patients with monthly incomes such as NT$ 30,000-60,000,
NT$ 60,000-90,000, NT$ 90,000-120,000, and >NT$ 120,000
exhibited increased odds of developing HZO compared to those
with an income < NT$ 30,000, even after adjusting for confounding
factors. Concerning geographic location, patients residing in
southern Taiwan demonstrated a significantly higher prevalence of
HZO than those residing in eastern Taiwan, and this remained a
significant risk factor following a conditional logistic regression
analysis (adjusted OR: 1.21,95% CI: 1.11-1.31, p < 0.0001). Notably,
northern Taiwan showed a significantly reduced risk of developing
HZO even after adjusting for confounding factors (adjusted OR:
0.86, 95% CI: 0.79-0.94, p = 0.0005). Examining residential city
status, patients living in metropolitan and satellite cities exhibited
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a significantly lower risk of developing HZO than those living in
rural areas, even after conducting a conditional logistic regression
analysis (adjusted OR: 0.84, 95% CI: 0.80-0.88, p < 0.0001; adjusted
OR: 0.67, 95% CI: 0.65-0.70, p < 0.0001; respectively). Regarding
occupation, public servants exhibited a significantly lower
prevalence of HZO following a multiple logistic regression analysis
(adjusted OR: 0.96, 95% CI: 0.93-0.99, p = 0.0058). Individuals
engaged in fishing faced a significant risk of developing HZO, an
independent risk factor even after adjusting for confounders
(adjusted OR: 1.59, 95% CI: 1.16-1.74, p < 0.0001), as indicated in
Table 2.

2.2.2 Comorbid conditions

Univariate and multiple logistic regression analyses were
performed to explore several potential comorbidities (Table 2).
Patients with systemic diseases, such as hypertension, diabetes
mellitus, hyperlipidaemia, CHE, CAD, and CRD, exhibited
significantly higher ORs for receiving an HZO diagnosis (OR: 1.21,
95% CI: 1.17-1.25, p <0.0001; OR: 1.16, 95% CI: 1.12--1.21,
p <0.0001; OR: 1.30, 95% CI: 1.25-1.35, p < 0.0001; OR: 1.23, 95% CI:
1.13-1.34, p < 0.0001; OR: 1.35, 95% CI: 1.29-1.41, p < 0.0001; OR:
1.56, 95% CI: 1.45-1.67, p < 0.0001, respectively) than those without
systemic diseases. Except for CHE, these associations, including
hypertension, diabetes mellitus, hyperlipidaemia, CAD, and CRD,
remained significant even after conducting conditional logistic
regression analyses (adjusted OR: 1.10, 95% CI: 1.06-1.14, p < 0.0001;
adjusted OR: 1.04, 95% CI: 1.00-1.08, p = 0.0489; adjusted OR: 1.20,
95% CI: 1.16-1.25, p < 0.0001; adjusted OR: 1.24, 95% CI: 1.18-1.30,
p <0.0001; adjusted OR: 1.44, 95% CI: 1.34-1.55, p <0.0001,
respectively). Patients with HIV infection also had significantly
increased odds of an HZO diagnosis both before (OR: 6.10, 95% CI:
3.84-9.67, p < 0.0001) and after adjustment for other confounders
(adjusted OR: 6.44, 95% CI: 4.05-10.25, p <0.0001). Since
hospitalization records for HZO patients can serve as a proxy indicator
of HZO severity, we conducted a sensitivity analysis on the odds ratios
for various sociodemographic factors and comorbid conditions
among these patients, as detailed in the Supplementary Tables S1, S2.
Our analysis identified critical sociodemographic and clinical risk
factors for HZO, which we further contextualize below in relation to
existing literature and clinical practice.

3 Discussion

To the best of our knowledge, this study is the most extensive
nationwide, population-based, case-controlled investigation assessing
the relationship between sociodemographic factors, prevalent
comorbid conditions, and HZO. Our analyses revealed that HZO was
more common in male individuals, with a 51.15% predominance. In
addition, some comorbidities, including hypertension, diabetes
mellitus, hyperlipidaemia, CAD, CRD, and HIV infection, significantly
influenced the risk of developing HZO. A high socioeconomic status
was associated with higher odds of developing HZO. However,
patients living in the metropolis or satellite cities had considerably
lower odds of developing HZO than those living in rural areas.

Of the 52,112 patients with HZO, the average age at diagnosis was
53.94 years (SD: 17.52), which is in accordance with the results of
several retrospective cohort studies. The Colombian Ocular Infectious
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Epidemiology Study, which enrolled 2,378 patients with HZO from
2015 to 2019, found that the most frequent age of diagnosis was
among the quinquennial group between 55 and 59 years (18). Davies
et al. reported that the mean age of patients with acute HZO who
presented at the Massachusetts Eye and Ear Infirmary was 55.8 years
in 2013 (19). The study also observed a trend of decreasing age at the
time of HZO diagnosis over the years (61.2 years in 2007 vs. 55.8 years
in 2013, p = 0.0119). Chan et al. (20) analyzed patients with HZO at
the University of Oklahoma and divided the cases into two cohorts:
individuals diagnosed with HZO between 1996 and 2004 (n = 130)
and those diagnosed between 2005 and 2012 (n = 270). The findings
indicated a notable reduction in the average age at HZO onset in the
latter cohort (65.5 years vs. 58.9 years) (20). One hypothesis for the
trend of decreasing age at the time of HZO presentation that has been
widely debated is that the introduction of a universal childhood
vaccination program for varicella may have impacted HZ
epidemiology (19, 20). In 1995, the United States was the first nation
to implement a one-dose varicella vaccination mandate for children.
Following this, in 1998, the capital city of Taiwan introduced a similar
one-dose varicella vaccination requirement for children. This program
was later expanded nationwide in Taiwan in 2004. These developments
may explain the alignment of their results with our findings.

In our study, patients with HZO showed a slight male
predominance (51.15%), which differs from the female predominance
typically reported in Western literature (4, 18, 21, 22). However,
studies from India, Pakistan, and Nepal have reported a male
predominance in HZ cases (23-25). A comprehensive review of the
literature dating back to 1865 concluded that HZ does not show a clear
preference for either sex (1). Similarly, a review from India has
suggested that HZO is unlikely to be sex-specific (26). The sex
distribution of HZO remains underexplored in the current body
of literature.

Our study found that individuals with a higher socioeconomic
status exhibited increased odds of developing HZO. The activity or
risk of HZO is influenced by various socioeconomic factors such as
income, educational attainment, and living conditions. Those with
higher income are likely to have greater awareness and understanding
of ocular disorders, causing them to seek prompt medical attention
for ophthalmic issues. Thus, socioeconomic status may play a
significant role in the timely receipt of treatment and follow-up care
in patients with HZO. Importantly, patients with HZO in Taiwan did
not seem to experience income barriers related to the disease.

Regarding geographic location, patients in southern Taiwan had
a significantly higher prevalence of HZO than those in eastern
Taiwan, and this difference remained a significant risk factor after
conditional logistic regression analysis. Eastern Taiwan may face
challenges in accessing public health programs, particularly in
remote or underserved communities. Eastern Taiwan is
predominantly mountainous, which may have contributed to the
relatively low incidence of HZO observed in our study. This lower
rate could be indicative of difficulties such as limited access to
medical care, hesitance to seek ophthalmological consultations, and
a shortage of specialists available to diagnose and manage
HZO. These issues may be more evident in this region than in other
parts of Taiwan. In contrast, southern Taiwan may benefit from a
better healthcare infrastructure. In addition, the warmer and more
humid climate in southern Taiwan may have increased the risk of
HZO. A time-series analysis conducted in China reported 43,547
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cases of HZ, emphasizing that high temperatures and elevated
relative humidity significantly affect the incidence of HZ (27).

Furthermore, we observed a notably lower OR for HZO among
individuals residing in northern Taiwan. Northern Taiwan,
particularly the Taipei region, is more urbanized, with better
healthcare infrastructure and access to preventive medical care.
Variations also exist in public health initiatives across different
regions of Taiwan, and the availability of more resources in northern
Taiwan may result in increased awareness and prevention efforts for
HZO. This can contribute to higher vaccination rates (e.g., shingles
vaccines) due to enhanced healthcare awareness and better
management of conditions that predispose individuals to
HZO. Additionally, this might explain the significantly lower
prevalence of HZO observed among public servants and residents
of metropolitan areas or satellite cities, as these individuals may
benefit from more effective immunization programs (e.g., higher
uptake of shingles vaccinations) and exhibit more health-conscious
behaviors as a result of public health campaigns.

Some studies have reported that certain factors, such as physical
or emotional stress and fatigue, may precipitate HZ outbreaks (28).
Kawai and Yawn (29) also reported in a meta-analysis that
psychological stress may predispose an individual to developing
HZ. Fishermen often work long hours under physically demanding
conditions, which can lead to chronic stress and fatigue. They
frequently work irregular hours, including night shifts and spend
several days or weeks at sea. Our findings indicate that fishermen
have a higher risk of HZO, likely due to a combination of factors
including chronic occupational stress, exposure to harsh
environmental conditions, and disrupted sleep patterns.
Furthermore, we performed a sensitivity analysis restricted to
hospitalized patients, which revealed a reduced odds ratio (OR) for
HZO among fishermen compared to the general population. This
paradoxical shift (from OR > 1 to OR < 1) may be attributable to
two key factors. First, fishermen may encounter systemic barriers
to hospitalization—such as remote work environments or delayed
care-seeking—resulting in only the most severe HZO cases being
admitted. In contrast, non-fishermen with milder HZO symptoms
might access hospitalization more readily due to better healthcare
access, thereby diluting the observed risk within the hospitalized
cohort. Second, fishermen could face higher baseline morbidity or
mortality from non-HZO causes (e.g., occupational injuries,
diseases),
likelihood of hospitalization specifically for HZO. This competing

cardiovascular disproportionately reducing their
risk dynamic may obscure the true association between
occupational status and HZO severity in hospitalized populations.

In our study, patients diagnosed with hypertension showed a
significantly higher OR for developing HZO (adjusted OR: 1.10,
95% CI: 1.06-1.14, p < 0.0001). A retrospective cohort study of 658
patients diagnosed with HZO in 2003 and 2004 similarly reported
a strong association between HZO and pre-existing hypertension
(p <0.0001) (30). In addition, a large-scale multicentre study using
a medical database in Japan found that hypertension and
dyslipidaemia (adjusted OR: 1.28, 95% CI: 1.18-1.40, p < 0.05;
adjusted OR: 1.11, 95% CI: 1.004-1.22, p < 0.05, respectively) were
significantly linked to an increased risk of HZ in patients with
rheumatoid arthritis (31). However, Joesoef et al. (16) investigated
whether common chronic conditions affect the development of HZ
in individuals aged 20-64 years and found that hypertension was
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not a significant risk factor for HZ. Several cohort studies and a
meta-analysis conducted in 2017 reviewing comorbidities as risk
factors for HZ did not identify hypertension as a risk factor (29, 32).
To date, no comprehensive study has specifically evaluated the
relationship between hypertension and the risk of HZO in the
general population.

Patients with diabetes mellitus demonstrated a significantly
increased risk of developing HZO in our study (adjusted OR: 1.04,
95% CI: 1.00-1.08, p < 0.0489). A review by Kaiserman et al. (33)
highlighted a notably higher incidence of herpes eye disease in
patients with diabetes than in those without diabetes. Similarly, Lin
et al. (30) found that patients with HZO were more likely to have
preexisting diabetes (p <0.0001). Additional studies
highlighted the link between HZ and diabetes. A meta-analysis
reviewing 88 studies showed that diabetes significantly increased
the risk of HZ compared to controls (risk ratio: 1.24; 95% CI: 1.14-
1.35) (34). A population-based cohort study in Taiwan, which

have

examined the connection between diabetes and HZ using real-
world data, also identified diabetes as a prominent risk factor for
HZ infection (adjusted hazard ratio: 1.17, 95% CI: 1.10-1.23) (35).
A synthesis of 11 studies found that the risk of HZ was significantly
higher in patients with diabetes than that in controls, with the
associated risk ranging from 1.06 to 2.38 across the studies
(p <0.05) (36). Additionally, a retrospective cohort study by
Guignard et al. (37) using the Integrated Health Care Information
Services database from 1997 to 2006 indicated that type II diabetes
is linked to an increased risk of developing HZ. This risk was
particularly evident in adults aged 65years and older, but
moderately elevated in those under 65 years of age (37). The
increased risk may be attributed to the weakened cell-mediated
immunity, persistent low-grade inflammation, and microvascular
damage commonly observed in diabetes. A study in Japan utilized
an interferon-y enzyme-linked immunospot assay to assess
VZV-specific cell-mediated immunity in patients with and without
diabetes. The findings suggest that the increased risk of HZ among
individuals with diabetes may be linked to a reduction in
VZV-specific cell-mediated immunity. This impaired immune
response likely contributes to the increased susceptibility to HZ
infection (38-42).

To date, several studies have discussed cardiovascular diseases
as risk factors for HZ infection; however, the mechanism underlying
this relationship has not been fully elucidated (16, 34, 43). In our
study, hyperlipidaemia and CAD were identified as potential risk
factors for HZO (adjusted OR: 1.20, 95% CI: 1.16-1.25, p < 0.0001;
adjusted OR: 1.24, 95% CI: 1.18-1.30, p < 0.0001, respectively).
We identified only one study that specifically examined the
association between cardiovascular diseases and HZO. Majority of
the existing studies primarily focused on HZ infection rather than
HZO, leaving a gap in the understanding of cardiovascular risk
factors specifically related to HZO. Another study in Taiwan also
highlighted a strong association between HZO, hyperlipidaemia,
and CAD (p < 0.0001) (30). A Taiwanese cohort study involving
67,113 participants in the CAD group revealed that the overall
incidence of HZ was higher in the CAD group than in the non-CAD
group, after adjusting for confounding factors such as sex, age, and
comorbidities (HR: 1.21; 95% CI: 1.14-1.27) (44). Horev et al. (45)
identified dyslipidaemia and prior myocardial infarction as
significant risk factors for HZ by analyzing an extensive
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computerized health maintenance organization database. Similarly,
a nationwide Korean population-based case-control cohort study
found that patients with a history of myocardial infarction had a
higher risk of hospitalization for HZ (HR: 1.625; 95% CI: 1.144-
2.308). Chronic inflammation, age-related immune changes,
endothelial dysfunction, and psychosocial stress have been
suggested as potential contributors to this observed association (30,
46, 47).

In our study, CHF was not a significant risk factor for the
development of HZO (adjusted OR: 1.09, 95% CI: 1.00-1.19,
p =0.0536). We did not find any studies that specifically investigated
the relationship between CHF and HZO. Similar to other
comorbidities, the majority of existing studies focused on HZ
infection rather than HZO. Wu et al. (48) conducted a nationwide
population-based cohort study and identified a significant
correlation between CHF and an increased risk of HZ during the
1-year follow-up period (adjusted HR: 2.07; 95% CI: 1.54-2.78,
p <0.001). In addition, a case-control study in Korea suggested a
reciprocal relationship between severe HZ requiring hospitalization
and CHE, showing that patients with CHF were at a higher risk of
HZ-related hospitalization (HR: 1.485, 95% CI: 1.041-2.117) (49).
However, a meta-analysis by Kawai and Yawn (29), reviewing
comorbidities as risk factors for HZ did not highlight CHF as a
significant factor. A commonly accepted explanation for the
increased risk of HZ in patients with CHF is that these individuals
are exposed to numerous physiological and psychological stressors
that may make them more susceptible to HZ reactivation (50, 51).
However, CHF diagnosis often relies on clinical evaluation rather
than standardized serologic testing. Therefore, diagnoses based on
ICD-9-CM codes may be inaccurate. Furthermore, the use of
ICD-9-CM codes may not accurately capture the severity of CHF,
which could influence the assessment of its association with HZ
reactivation and potentially affect our findings. Additionally,
we conducted a sensitivity analysis focusing solely on hospitalized
patients. In this analysis, among all comorbid conditions, only
hyperlipidemia ceased to be a risk factor. This change may
be because hospitalized HZO patients are admitted due to more
severe conditions, which may not be related to hyperlipidemia but
could mask or dilute its independent effect. Outpatient cases may
include milder or early-stage HZO patients, where the impact of
hyperlipidemia as a chronic metabolic factor is more observable.

In our study, CRD was identified as a significant risk factor for
HZO, with an adjusted OR of 1.44 (95% CI: 1.34-1.55, p < 0.0001).
While no studies have specifically investigated the relationship
between CRD and HZO, substantial evidence suggests that CRD is
an important risk factor for HZ in general (17, 29, 34, 52-57). Hata
et al. (17), in a retrospective hospital-based cohort study of 55,492
patients, reported that renal failure significantly increases the risk
of HZ events (adjusted HR: 2.14, 95% CI: 1.65-2.79). Similarly, Wu
etal. (53) identified 13,321 patients with CRD and found that CRD
was independently associated with a higher risk of HZ (HR: 1.60,
95% CI: 1.41-1.81). Lai et al. (57) also demonstrated a 1.4-fold
increase in the incidence of HZ in pre-dialysis patients with CRD
compared to that in patients without CRD (8.76 vs. 6.27 per 1,000
person-years, 95% CI: 1.27-1.54; p <0.001). These findings
underscore the fact that CRD is a significant contributor to the risk
of HZ, which may extend to ophthalmic manifestations such as
HZO. Patients with CRD have an increased risk of HZ infection,
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likely because of various factors that compromise their immune
systems. A key factor is the loss of immune-related proteins, which
weakens the immune response in these patients (58). Additionally,
the frequent exposure to viral and bacterial pathogens during
regular dialysis treatments further increases their susceptibility
(59). The correlation between immune deficiency and the incidence
of infections in patients with CRD is well established, with both
innate and adaptive immune systems showing significant
impairments, leading to a higher risk of infectious complications
(60, 61).

Clinically, many believe that patients with HIV have a greater
prevalence of HZ or HZO infections than the general population.
In our study, HIV was identified as a significant risk factor for HZO
with an adjusted OR of 6.44 (95% CI: 4.05-10.25, p < 0.0001) (62—
65). Studies have indicated an association between HIV and HZO:
HIV seroprevalence in patients with HZO varies from 40 to 100%
in Africa (66). Gupta et al. (67) reported the clinical profile of HZO
in adults younger than 40 years and found that 44.4% of the subjects
were positive for HIV. HIV primarily targets CD4+ T cells, which
are crucial for maintaining control over latent viral infections,
including the VZV. As the immune system becomes progressively
weakened because of HIV infection, the body loses its ability to
control latent VZV, leading to its reactivation as HZ (1).

Our study has several strengths. To date, this is the largest
investigation to comprehensively explore the relationship between
sociodemographic factors, common comorbidities, and HZO. By
analyzing a wide range of sociodemographic variables, such as
income, occupation, and geographic distribution, this study offers
a broad understanding of HZO incidence in the general population.
The use of a nationwide population-based dataset minimized
selection bias from referral centers, and reliance on electronically
recorded data from the NHIRD database eliminated recall bias.
With 13 years of longitudinal data, this case-control study allowed
for a thorough examination of sociodemographic factors and
chronic diseases in both patients with HZO and controls. Moreover,
adjusting for confounding variables ensured the reliability of
our findings.

However, this study had some limitations. First, the use of
ICD-9-CM codes to diagnose HZO and comorbidities may have led
to misclassification of the disease. A lack of access to clinical records
also prevented the confirmatory diagnosis of HZO in patients and
controls. Additionally, as the study was conducted in a Taiwanese
population, the generalisability of these results may be limited in
other regions or populations with different sociodemographic
characteristics. Although we controlled for several confounders,
unmeasured lifestyle factors—such as smoking status, body mass
index, or psychological stress—that may affect immune function
could still have influenced the observed associations. Furthermore,
medical history tracing was only possible in 1996, leaving a gap in
confirming prior HZO diagnoses. Future studies should incorporate
clinical information, questionnaires, lifestyle factors, and other
sociodemographic and pathophysiological factors to address these
limitations. Finally, in our retrospective case—control study, it is
challenging to determine whether the exposure preceded the
outcome or vice versa, which complicates causal inference and
obscures the temporal relationship. Additionally, accurately
quantifying exposure levels after the outcome has occurred is
complex and typically less precise than in cohort studies. Moreover,
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unlike cohort studies, case-control studies do not allow for the
calculation of disease incidence rates, as the total population at risk
at the beginning of the study period is unknown. In the future
research, cohort studies should be used to measure incidence rates,
which are essential for assessing the public health impact of
a condition.

In conclusion, this nationwide study reaffirms that herpes
zoster ophthalmicus is strongly associated with systemic
comorbidities—hypertension, diabetes, hyperlipidemia, CAD,
CRD, and HIV—and sociodemographic factors such as higher
income, southern residency, and occupations like fishing. Notably,
urbanized regions and public servants exhibited reduced risk, likely
due to better healthcare access and preventive measures. These
findings directly address our research objective of delineating HZO
risk profiles, offering actionable insights for clinicians and
policymakers. Key recommendations include prioritizing high-risk
rural

groups for vaccination,

infrastructure, and integrating HZO screenings into chronic disease

enhancing ophthalmologic
management protocols. By aligning public health strategies with

these evidence-based risk factors, Taiwan—and similar
populations—can reduce the burden of HZO and its vision-

threatening sequelae.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The requirement of ethical approval was waived by the
Institutional Review Board of the Chi-Mei Medical Center in Tainan
for the studies involving humans because the data used in this study
was de-identified. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was waived by the Institutional Review
Board of the Chi-Mei Medical Center in Tainan because the data used
in this study was de-identified.

Author contributions

C-YL: Conceptualization, Formal analysis, Methodology,
Writing - original draft, Writing — review & editing. Y-SC:
Conceptualization, Formal analysis, Methodology, Writing — original
draft, Writing - review & editing. C-HH: Methodology, Software,
Writing - original draft, Writing - review & editing. J-JW: Resources,

References

1. Liesegang TJ. Herpes zoster ophthalmicus natural history, risk factors, clinical
presentation, and morbidity.  Ophthalmology. (2008) 115:53-S12.  doi:
10.1016/j.0phtha.2007.10.009

2. Hope-simpson RE. The nature of herpes zoster: a long-term study
and a new hypothesis. Proc R Soc Med. (1965) 58:9-20. doi:
10.1177/003591576505800106

Frontiers in Medicine

10.3389/fmed.2025.1532366

Software, Writing — original draft, Writing - review & editing. H-Y]J:
Writing - original draft, Writing — review & editing. P-HL: Writing —
original draft, Writing - review & editing. R-L]: Conceptualization,
Formal analysis, Methodology, Supervision, Writing — original draft,
Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

The Taiwan Bureau of National Health Insurance and Department
of Health provided the National Health Insurance Research Database.
The interpretations and conclusions presented in this study do not
necessarily reflect the views of the National Health Insurance
Administration, Ministry of Health and Welfare, or National Health
Research Institutes.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2025.1532366/
full#supplementary-material

3. Ragozzino MW, Melton LJ 3rd, Kurland LT, Chu CP, Perry HO. Population-based
study of herpes zoster and its sequelae. Med. (1982) 61:310-6. doi:
10.1097/00005792-198209000-00003

4. Kong CL, Thompson RR, Porco TC, Kim E, Acharya NR. Incidence rate of herpes
zoster ophthalmicus: A retrospective cohort study from 1994 through 2018.
Ophthalmology. (2020) 127:324-30. doi: 10.1016/j.0phtha.2019.10.001

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532366
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2025.1532366/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2025.1532366/full#supplementary-material
https://doi.org/10.1016/j.ophtha.2007.10.009
https://doi.org/10.1177/003591576505800106
https://doi.org/10.1097/00005792-198209000-00003
https://doi.org/10.1016/j.ophtha.2019.10.001

Leeetal.

5. Kalogeropoulos CD, Bassukas ID, Moschos MM, Tabbara KF. Eye and periocular
skin involvement in herpes zoster infection. Med Hypothesis Discov Innov Ophthalmol.
(2015) 4:142-56.

6. Rathi A, Das AV, Ramappa M. Clinical and demographic profile of herpes zoster
ophthalmicus: a hospital-based study of 1752 Indian patients. Indian ] Ophthalmol.
(2024) 72:5645-9. doi: 10.4103/1JO.1JO_2634_23

7. Kuranz CV, Larson J. Cranial nerve VI palsy secondary to herpes zoster
Ophthalmicus: a case report and literature review. WMJ. (2024) 123:222-4.

8. Lim JJ, Ong YM, Wan Zalina MZ, Choo MM. Herpes zoster ophthalmicus with
orbital apex syndrome-difference in outcomes and literature review. Ocul Immunol
Inflamm. (2018) 26:187-93. doi: 10.1080/09273948.2017.1327604

9. Beuran DI, Macovei ML, Boca IR. Multiple ocular manifestations in a patient
diagnosed with herpes zoster ophthalmicus: case report. Rom J Ophthalmol. (2024)
68:81-6. doi: 10.22336/rjo.2024.16

10. Chapman RS, Cross KW, Fleming DM. The incidence of shingles and its
implications  for vaccination policy. Vaccine. (2003) 21:2541-7. doi:
10.1016/50264-410x(03)00034-3

11. Cohen JI, Brunell PA, Straus SE, Krause PR. Recent advances in varicella-zoster
virus infection. Ann Intern Med. (1999) 130:922-32. doi:
10.7326/0003-4819-130-11-199906010-00017

12. Miller AE. Selective decline in cellular immune response to varicella-zoster in the
elderly. Neurology. (1980) 30:582-7. doi: 10.1212/wnl.30.6.582

13. Yawn BP, Saddier P, Wollan PC, St Sauver JL, Kurland MJ, Sy LS. A population-
based study of the incidence and complication rates of herpes zoster before zoster
vaccine introduction. Mayo Clin Proc. (2007) 82:1341-9. doi: 10.4065/82.11.1341

14. Tran KD, Falcone MM, Choi DS, Goldhardt R, Karp CL, Davis JL, et al.
Epidemiology of herpes zoster ophthalmicus: recurrence and chronicity. Ophthalmology.
(2016) 123:1469-75. doi: 10.1016/j.ophtha.2016.03.005

15. Lee SM, Han J, Yang CM, Choi CY, Khoramnia R, Chung TY, et al. Chronic and
recurrent herpes zoster ophthalmicus. Medicina (Kaunas). (2021) 57:57. doi:
10.3390/medicina57100999

16. Joesoef RM, Harpaz R, Leung J, Bialek SR. Chronic medical conditions as risk
factors for herpes zoster. Mayo Clin Proc. (2012) 87:961-7. doi:
10.1016/j.mayocp.2012.05.021

17. Hata A, Kuniyoshi M, Ohkusa Y. Risk of herpes zoster in patients with underlying
diseases: a retrospective hospital-based cohort study. Infection. (2011) 39:537-44. doi:
10.1007/s15010-011-0162-0

18. Cifuentes-Gonzalez C, Rojas-Carabali W, Fonseca-Mora MA, Mejia-Salgado G,
Reyes-Guanes ], de-la-Torre A. Colombian ocular infectious epidemiology study
(COIES): herpes zoster ophthalmicus prevalence and sociodemographic
characterization, 2015-2019. Int ] Infect Dis. (2022) 116:27-33. doi:
10.1016/.jid.2021.12.332

19. Davies EC, Pavan-Langston D, Chodosh J. Herpes zoster ophthalmicus: declining
age at presentation. Br ]  Ophthalmol. (2016) 100:312-4.  doi:
10.1136/bjophthalmol-2015-307157

20. Chan AY, Conrady CD, Ding K, Dvorak JD, Stone DU. Factors associated with age
of onset of herpes zoster ophthalmicus. Cornea. (2015) 34:535-40. doi:
10.1097/1C0.0000000000000362

21. Borkar DS, Tham VM, Esterberg E, Ray K], Vinoya AC, Parker JV, et al. Incidence
of herpes zoster ophthalmicus: results from the Pacific ocular inflammation study.
Ophthalmology. (2013) 120:451-6. doi: 10.1016/j.0ophtha.2012.09.007

22. Dmitriev AA, Odden J, Mora-Boellstorff D, Kinchington PR, Sheridan K, Viehman
JA, et al. Herpes zoster ophthalmicus: frequency and risk factors for developing
uncommon ocular manifestations. Can ] Ophthalmol. (2024) 59:201-7. doi:
10.1016/j.jcjo.2023.04.011

23. Dubey AK, Jaisankar T, Thappa DM. Clinical and morphological characteristics
of herpes zoster in South India. Indian ] Dermatol. (2005) 50:203-7.

24. Suhail M, Ejaz A, Abbas M, Naz S, Suhail T. Herpes zoster: seasonal variations and
morphological patterns in Pakistan. ] Pak Assoc Dermatol. (2011) 21:22-6.

25. Kayastha B, Shrestha P, Shrestha R, Lama L. Changing profile of herpes zoster in
Nepal: A hospital-based study. Nepal ] Dermatol Venereol Leprol. (2009) 8:1-4. doi:
10.3126/njdv1.v8i1.5710

26. Patki A, Vora A, Parikh R, Kolhapure S, Agrawal A, Dash R. Herpes zoster in

outpatient departments of healthcare centers in India: a review of literature. Hum Vaccin
Immunother. (2021) 17:4155-62. doi: 10.1080/21645515.2021.1968737

27.Lv X, Fang X, Qian T, Cai Y, Gao P, Chen H, et al. Association between
meteorological factors and outpatient visits for herpes zoster in Hefei, China: A time-
series analysis. Int ] Environ Res Public Health. (2023) 20:20. doi: 10.3390/ijerph20032097

28. Shaikh S, Ta CN. Evaluation and management of herpes zoster ophthalmicus.
Evaluation and management of herpes zoster ophthalmicus. Am Fam Physician. (2002)
66:1723-30.

29. Kawai K, Yawn BP. Risk factors for herpes zoster: a systematic review and meta-
analysis. Mayo Clin Proc. (2017) 92:1806-21. doi: 10.1016/j.mayocp.2017.10.009

Frontiers in Medicine

10.3389/fmed.2025.1532366

30. Lin HC, Chien CW, Ho JD. Herpes zoster ophthalmicus and the risk of stroke: a
population-based  follow-up  study.  Neurology. (2010)  74:792-7.  doi:
10.1212/WNL.0b013e3181d31e5¢

31. Tanaka K, Kimura E, Oryoji K, Mizuki SI, Kobayashi T, Nishikawa A, et al.
Hypertension and dyslipidemia are risk factors for herpes zoster in patients with
rheumatoid arthritis: a retrospective analysis using a medical information database.
Rheumatol Int. (2021) 41:1633-9. doi: 10.1007/s00296-021-04889-1

32. Esteban-Vasallo MD, Dominguez-Berjon ME, Gil-Prieto R, Astray-Mochales J, Gil
de Miguel A. Sociodemographic characteristics and chronic medical conditions as risk
factors for herpes zoster: a population-based study from primary care in Madrid (Spain).
Hum Vaccin Immunother. (2014) 10:1650-60. doi: 10.4161/hv.28620

33. Kaiserman I, Kaiserman N, Nakar S, Vinker S. Herpetic eye disease in diabetic
patients. Ophthalmology. (2005) 112:2184-8. doi: 10.1016/j.0phtha.2005.07.014

34. Marra E, Parhar K, Huang B, Vadlamudi N. Risk factors for herpes zoster infection:
a meta-analysis. Open Forum Infect Dis. (2020) 7:0faa005. doi: 10.1093/ofid/ofaa005

35.Lai SW, Lin CL, Liao KF. Real-world database investigating the association
between diabetes mellitus and herpes zoster in Taiwan. Med. (2019) 98:e15463. doi:
10.1097/MD.0000000000015463

36. Saadatian-Elahi M, Bauduceau B, Del-Signore C, Vanhems P. Diabetes as a risk
factor for herpes zoster in adults: a synthetic literature review. Diabetes Res Clin Pract.
(2020) 159:107983. doi: 10.1016/j.diabres.2019.107983

37. Guignard AP, Greenberg M, Lu C, Rosillon D, Vannappagari V. Risk of herpes
zoster among diabetics: a matched cohort study in a US insurance claim database before
introduction of vaccination, 1997-2006. Infection. (2014) 42:729-35. doi:
10.1007/s15010-014-0645-x

38. Okamoto S, Hata A, Sadaoka K, Yamanishi K, Mori Y. Comparison of varicella-
zoster virus-specific immunity of patients with diabetes mellitus and healthy individuals.
J Infect Dis. (2009) 200:1606-10. doi: 10.1086/644646

39. Grossniklaus HE. Effect of intensive therapy on the microvascular complications
of type 1 diabetes mellitus. Am J Ophthalmol. (2002) 287:2563-9. doi:
10.1001/jama.287.19.2563

40. Diabetes Control and Complications Trial Research GroupNathan DM, Genuth S,
Lachin J, Cleary P, Crofford O, et al. The effect of intensive treatment of diabetes on the
development and progression of long-term complications in insulin-dependent diabetes
mellitus. N Engl J Med Nathan: DM. (1993) 329:977-86. doi:
10.1056/NEJM199309303291401

41. Geerlings SE, Hoepelman Al Immune dysfunction in patients with diabetes
mellitus (DM). FEMS Immunol Med Microbiol. (1999) 26:259-65. doi:
10.1111/j.1574-695X.1999.tb01397.x

42. Calvet HM, Yoshikawa TT. Infections in diabetes. Infect Dis Clin N Am. (2001)
15:407-21. doi: 10.1016/s0891-5520(05)70153-7

43. Yamaoka-Tojo M, Tojo T. Herpes zoster and cardiovascular disease: exploring
associations and preventive measures through vaccination. Vaccines. (2024) 12:12. doi:
10.3390/vaccines12030252

44. Lai SW, Kuo YH, Liao KF. Association between coronary artery disease and herpes
zoster: A cohort study in Taiwan. Open Forum Infect Dis. (2024) 11:ofae394. doi:
10.1093/ofid/ofae394

45. Horev A, Horev A, Gordon-Irshai A, Gordon M, Andre N, Ifergane G. Herpes
zoster and long-term vascular risk: a retrospective cohort study. Sci Rep. (2023) 13:2364.
doi: 10.1038/541598-023-29667-w

46. Manabe I. Chronic inflammation links cardiovascular, metabolic and renal
diseases. Circ J. (2011) 75:2739-48. doi: 10.1253/circj.cj-11-1184

47.Ferrucci L, Fabbri E. Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nat Rev Cardiol. (2018) 15:505-22. doi:
10.1038/541569-018-0064-2

48.Wu PH, Lin YT, Lin CY, Huang MY, Chang WC, Chang WP. A nationwide
population-based cohort study to identify the correlation between heart failure and the
subsequent risk of herpes zoster. BMC Infect Dis. (2015) 15:17. doi:
10.1186/512879-015-0747-9

49. Seo HM, Cha MJ, Han JH, Han K, Park SH, Bang CH, et al. Reciprocal relationship
between herpes zoster and cardiovascular diseases: a nationwide population-based case-
control study in Korea. ] Dermatol. (2018) 45:1312-8. doi: 10.1111/1346-8138.14597

50. Moser DK, Worster PL. Effect of psychosocial factors on physiologic outcomes in
patients with heart failure. ] Cardiovasc Nurs. (2000) 14:106-15. doi:
10.1097/00005082-200007000-00008

51. Piano MR, Kim SD, Jarvis C. Cellular events linked to cardiac remodeling in heart
failure: targets for pharmacologic intervention. ] Cardiovasc Nurs. (2000) 14:1-23. doi:
10.1097/00005082-200007000-00002

52.Forbes HJ, Bhaskaran K, Thomas SL, Smeeth L, Clayton T, Langan SM.
Quantification of risk factors for herpes zoster: population based case-control study.
BM]J. (2014) 348:¢2911. doi: 10.1136/bmj.g2911

53. Wu MY, Hsu YH, Su CL, Lin YE Lin HW. Risk of herpes zoster in CKD: a
matched-cohort study based on administrative data. Am ] Kidney Dis. (2012) 60:548-52.
doi: 10.1053/.ajkd.2012.03.018

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532366
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.4103/IJO.IJO_2634_23
https://doi.org/10.1080/09273948.2017.1327604
https://doi.org/10.22336/rjo.2024.16
https://doi.org/10.1016/s0264-410x(03)00034-3
https://doi.org/10.7326/0003-4819-130-11-199906010-00017
https://doi.org/10.1212/wnl.30.6.582
https://doi.org/10.4065/82.11.1341
https://doi.org/10.1016/j.ophtha.2016.03.005
https://doi.org/10.3390/medicina57100999
https://doi.org/10.1016/j.mayocp.2012.05.021
https://doi.org/10.1007/s15010-011-0162-0
https://doi.org/10.1016/j.ijid.2021.12.332
https://doi.org/10.1136/bjophthalmol-2015-307157
https://doi.org/10.1097/ICO.0000000000000362
https://doi.org/10.1016/j.ophtha.2012.09.007
https://doi.org/10.1016/j.jcjo.2023.04.011
https://doi.org/10.3126/njdvl.v8i1.5710
https://doi.org/10.1080/21645515.2021.1968737
https://doi.org/10.3390/ijerph20032097
https://doi.org/10.1016/j.mayocp.2017.10.009
https://doi.org/10.1212/WNL.0b013e3181d31e5c
https://doi.org/10.1007/s00296-021-04889-1
https://doi.org/10.4161/hv.28620
https://doi.org/10.1016/j.ophtha.2005.07.014
https://doi.org/10.1093/ofid/ofaa005
https://doi.org/10.1097/MD.0000000000015463
https://doi.org/10.1016/j.diabres.2019.107983
https://doi.org/10.1007/s15010-014-0645-x
https://doi.org/10.1086/644646
https://doi.org/10.1001/jama.287.19.2563
https://doi.org/10.1056/NEJM199309303291401
https://doi.org/10.1111/j.1574-695X.1999.tb01397.x
https://doi.org/10.1016/s0891-5520(05)70153-7
https://doi.org/10.3390/vaccines12030252
https://doi.org/10.1093/ofid/ofae394
https://doi.org/10.1038/s41598-023-29667-w
https://doi.org/10.1253/circj.cj-11-1184
https://doi.org/10.1038/s41569-018-0064-2
https://doi.org/10.1186/s12879-015-0747-9
https://doi.org/10.1111/1346-8138.14597
https://doi.org/10.1097/00005082-200007000-00008
https://doi.org/10.1097/00005082-200007000-00002
https://doi.org/10.1136/bmj.g2911
https://doi.org/10.1053/j.ajkd.2012.03.018

Leeetal.

54. Kuo CC, Lee CT, Lee IM, Ho SC, Yang CY. Risk of herpes zoster in patients treated
with long-term hemodialysis: a matched cohort study. Am ] Kidney Dis. (2012)
59:428-33. doi: 10.1053/j.ajkd.2011.10.049

55. Arness T, Pedersen R, Dierkhising R, Kremers W, Patel R. Varicella zoster virus-
associated disease in adult kidney transplant recipients: incidence and risk-factor
analysis. Transpl Infect Dis. (2008) 10:260-8. doi: 10.1111/j.1399-3062.2007.00289.x

56. Li Z, Wang Q, Ma J, Li Z, Huang D, Huang Y, et al. Risk factors for herpes zoster
in patients with chronic kidney disease: a case-control study. Vaccines. (2021) 9:9. doi:
10.3390/vaccines9090963

57.Lai SW, Kuo YH, Lin CL, Liao KFE. Risk of herpes zoster among patients with
predialysis chronic kidney disease in a cohort study in Taiwan. Int J Clin Pract. (2020)
74:13566. doi: 10.1111/ijcp.13566

58. Kurts C, Panzer U, Anders HJ, Rees AJ. The immune system and kidney disease:
basic concepts and clinical implications. Nat Rev Immunol. (2013) 13:738-53. doi:
10.1038/nri3523

59. Kausz AT, Guo H, Pereira BJ, Collins AJ, Gilbertson DT. General medical care
among patients with chronic kidney disease: opportunities for improving outcomes. J
Am Soc Nephrol. (2005) 16:3092-101. doi: 10.1681/ASN.2004110910

60. Hutchinson P, Chadban SJ, Atkins RC, Holdsworth SR. Laboratory assessment of
immune function in renal transplant patients. Nephrol Dial Transplant. (2003) 18:983-9.
doi: 10.1093/ndt/gfg190

Frontiers in Medicine

11

10.3389/fmed.2025.1532366

61. Kato S, Chmielewski M, Honda H, Pecoits-Filho R, Matsuo S, Yuzawa Y, et al.
Aspects of immune dysfunction in end-stage renal disease. Clin J Am Soc Nephrol. (2008)
3:1526-33. doi: 10.2215/CJN.00950208

62. Buchbinder SP, Katz MH, Hessol NA, Liu JY, O’'Malley PM, Underwood R, et al.
Herpes zoster and human immunodeficiency virus infection. J Infect Dis. (1992)
166:1153-6. doi: 10.1093/infdis/166.5.1153

63. Hodge WG, Seiff SR, Margolis TP. Ocular opportunistic infection incidences
among patients who are HIV positive compared to patients who are HIV negative.
Ophthalmology. (1998) 105:895-900. doi: 10.1016/S0161-6420(98)95033-3

64. Richards JC, Maartens G, Davidse AJ. Course and complications of varicella zoster
ophthalmicus in a high HIV seroprevalence population (Cape Town, South Africa). Eye.
(2009) 23:376-81. doi: 10.1038/sj.eye.6703027

65. Cohen PR, Grossman ME. Clinical features of human immunodeficiency virus-
associated disseminated herpes zoster virus infection-a review of the literature. Clin Exp
Dermatol. (1989) 14:273-6. doi: 10.1111/j.1365-2230.1989.tb01978.x

66. Margolis TP, Milner MS, Shama A, Hodge W, Seiff S. Herpes zoster ophthalmicus
in patients with human immunodeficiency virus infection. Am J Ophthalmol. (1998)
125:285-91. doi: 10.1016/50002-9394(99)80133-0

67. Gupta N, Sachdev R, Sinha R, Titiyal JS, Tandon R. Herpes zoster ophthalmicus:
disease spectrum in young adults. Middle East Afr ] Ophthalmol. (2011) 18:178-82. doi:
10.4103/0974-9233.80710

frontiersin.org


https://doi.org/10.3389/fmed.2025.1532366
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1053/j.ajkd.2011.10.049
https://doi.org/10.1111/j.1399-3062.2007.00289.x
https://doi.org/10.3390/vaccines9090963
https://doi.org/10.1111/ijcp.13566
https://doi.org/10.1038/nri3523
https://doi.org/10.1681/ASN.2004110910
https://doi.org/10.1093/ndt/gfg190
https://doi.org/10.2215/CJN.00950208
https://doi.org/10.1093/infdis/166.5.1153
https://doi.org/10.1016/S0161-6420(98)95033-3
https://doi.org/10.1038/sj.eye.6703027
https://doi.org/10.1111/j.1365-2230.1989.tb01978.x
https://doi.org/10.1016/s0002-9394(99)80133-0
https://doi.org/10.4103/0974-9233.80710

	A population-based study of social demographic factors, associated diseases, and herpes zoster ophthalmicus in Taiwan
	1 Introduction
	1.1 Database
	1.2 Selection of patients and variables
	1.3 Statistical analysis

	2 Results
	2.1 Demographic data
	2.1.1 Sociodemographic factors
	2.1.2 Comorbid conditions
	2.2 Associated risk factors
	2.2.1 Sociodemographic factors
	2.2.2 Comorbid conditions

	3 Discussion

	References

