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Abstract

Objectives

Cytomegalovirus (CMV) infection might increase the risk of cardiovascular event. However,

data on the link between incident stroke and co-infections of CMV and human immunodefi-

ciency virus (HIV) are limited and inconsistent. This nationwide population-based cohort

study analyzed the association of CMV end-organ disease and stroke among people living

with HIV/AIDS (PLWHA).

Methods

From January 1, 1998, this study identified adult HIV individuals with and without CMV end-

organ disease in the Taiwan National Health Insurance Research Database. All patients

were observed for incident stroke and were followed until December 31, 2012. Time-depen-

dent analysis was used to evaluate associations of CMV end-organ disease with stroke.

Results

Of the 22,581 PLWHA identified (439 with CMV end-organ disease and 22,142 without

CMV end-organ disease), 228 (1.01%) had all-cause stroke during a mean follow-up period

of 4.85 years, including 169 (0.75%) with ischemic stroke and 59 (0.26%) with hemorrhagic

stroke. After adjusting for age, sex, comorbidities, opportunistic infections after HIV
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diagnosis, and antiretroviral treatment, CMV end-organ disease was found to be an inde-

pendent risk factor for incident all-cause stroke (adjusted hazard ratio [AHR], 3.07; 95%

confidence interval [CI], 1.70 to 5.55). When stroke type was considered, CMV end-organ

disease was significantly positively associated with the risk of ischemic stroke (AHR, 3.14;

95% CI, 1.49 to 6.62) but not hemorrhagic stroke (AHR, 2.52; 95% CI, 0.64 to 9.91).

Conclusions

This study suggested that CMV end-organ disease was an independent predictor of ische-

mic stroke among PLWHA.

Introduction

Stroke remains a leading cause of mortality worldwide [1]. Stroke is a complicated disease and

is influenced by genetic and environmental factors and their interactions [2]. Accumulating

evidence indicates that inflammation is important in stroke development [3–5].

Human cytomegalovirus (CMV) is a ubiquitous DNA virus of the Herpesviridae family that

replicates only in humans. CMV infection is usually asymptomatic in immunocompetent

patients. However, CMV infection can cause serious diseases (e.g., retinitis) in people living

with HIV/AIDS (PLWHA) [6]. Human CMV also inhibits Akt-mediated endothelial nitric

oxide synthase activation, thereby resulting in endothelial dysfunction and exerting a

proatherogenic effect [7]. In addition, CMV infection of vascular smooth muscle cells induces

production of powerful proinflammatory cytokines (e.g., leukotriene B4), which accelerate ath-

erosclerosis development [8, 9].

Despite accumulating evidence suggesting that active CMV replication in vascular cells

leads to atherosclerosis and stenosis [7, 8, 10], few studies have investigated the association

between CMV infection and stroke. A prior case study reported that severe CMV infection

caused central nervous system vasculitis and resulted in hemiplegia [11]. A recent observa-

tional study showed that CMV seropositivity was associated with increased risk of stroke [12],

but another study found no significant association [13].

Stroke management and prevention should include identification and prevention of specific

stroke risk factors, particularly in high-risk populations. Therefore, we conducted a nationwide

population-based cohort study of the association between CMV end-organ disease and stroke

among PLWHA in Taiwan during the period from 1998 through 2012.

Methods

Background information

Taiwan launched its single-payer National Health Insurance program in 1995 [14]. Our

nationwide cohort study analyzed patient data obtained from the National Health Insurance

Research Database (NHIRD), which contains health care data from more than 99% of the pop-

ulation in Taiwan [15]. The NHIRD is a large-scale computerized database derived from the

system used by the Bureau of National Health Insurance (NHI) and is provided to scientists for

research purposes. Patient identification codes in the NHIRD are scrambled and de-identified

before being accessed by the researchers. With approval from the National Health Research

Institutes, the NHIRD was accessed at the Collaboration Center of Health Information Appli-

cation (CCHIA), Department of Health, Executive Yuan, Taiwan. In the NHIRD, the accuracy

of diagnoses of major diseases, such as diabetes mellitus and cerebrovascular disease, has been
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well validated [16, 17]. This study was approved by the institutional review board of Kaohsiung

Medical University.

Study subjects

In this cohort study, we selected adult subjects aged 15 years or older who were newly diag-

nosed with HIV between January 1, 1998 and December 31, 2012. A new case of HIV was

defined as a patient for whom there was (1) a record of a relevant International Classification

of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code (042 to 044, 7958, or

V08) in an inpatient setting or three or more outpatient visits, and (2) a record of an examina-

tion for viral load (order codes: 14074B) or CD4 count (order codes: 26017A1, 14074B,

12071A, 12071B, 12073A, 12073B, 12074A, 12074B) [18]. Patients were excluded if they

received a diagnosis of stroke (ICD-9-CM codes 430 to 437) or CMV infection (ICD-9-CM

code 078.5) before an HIV diagnosis. All study subjects were followed until the study endpoints

of hospitalization for stroke unclassified (ICD-9CM codes 430–437), hemorrhagic stroke

(ICD-9-CM codes 430–432), or ischemic stroke (ICD-9-CM codes 433 to 437) [19] or until the

study endpoint of death as recorded in Taiwan’s national death certificate database or until

December 31, 2012, the end date of the study.

Independent and potential confounding variables

The study’s main explanatory variable was CMV end-organ disease after HIV diagnosis. CMV

end-organ disease was defined as ICD-9-CM code 078.5 plus a prescription for an anti-CMV

drug (e.g., ganciclovir or valganciclovir). Confounders controlled in the analysis included

sociodemographics, comorbidities, history of opportunistic infection (OI) after HIV diagnosis,

and treatment with highly active antiretroviral therapy (HAART). Sociodemographic variables

included income level and urban or rural residence. Income level was calculated as the average

monthly income, classified as low (�19,200 New Taiwan Dollars [NTD]), intermediate (19,201

NTD to 39,999 NTD), or high (�40,000 NTD).

The comorbidities analyzed included diabetes (ICD-9 code 250), chronic kidney disease

(ICD-9 codes 580–587), hypertension (ICD-9 codes 401–405), coronary heart disease (ICD-9

codes 410–414), cancer (ICD-9 codes 140–208), and dyslipidemia (ICD-9 code 272). OIs after

HIV diagnosis includedMycobacterium tuberculosis infection (ICD-9 codes 011–018), dissemi-

natedMycobacterium avium complex infection (ICD-9 code 0312), Pneumocystis jirovecii

pneumonia (ICD-9 code 1363), cryptococcal meningitis (ICD-9 code 3210), Penicillium mar-

neffei infection (ICD-9 code 1179), toxoplasma encephalitis (ICD-9 code 130), candidiasis

(ICD-9 code 112), and herpes zoster (ICD-9 code 053). Subjects were classified as having a

comorbidity or OI only if the condition occurred in an inpatient setting or was recorded in

three or more outpatient visits [20].

Statistical analysis

Comparisons between groups were made using the two-sample t test, and the Pearson χ
2 test

was used to analyse categorical data. The incidence of ischemic, hemorrhagic, and all-cause

stroke per 1,000 person-years and the relative hazards (RH) of stroke were calculated for HIV

patients with and without CMV end-organ disease, the latter being estimated from Cox pro-

portional-hazards models.

To identify independent risk factors for incident stroke, a time-dependent Cox propor-

tional-hazards model was used to calculate hazard ratios (HRs) and 95% confidence intervals

(CIs), adjusting for age, sex, comorbidities, OIs, and HAART use. In these models, HAART

use, CMV end-organ disease, and other OIs were regarded as time-dependent covariables [11],
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whereas other confounders including age, sex, and history of comorbidities, which were col-

lected at baseline, were considered as fixed covariates. Adjusted HRs (AHRs) with 95% CIs

were calculated to indicate the strength and direction of associations.

To examine the robustness of the main findings, we conducted sensitivity analyses after

stratifying study subjects by age, sex, comorbidities, OIs, and HAART treatment. All statistical

analyses were performed using the SAS 9.4 software package (SAS Institute, Cary, NC).

Results

Patient selection

We identified 23,507 individuals who were diagnosed with HIV from January 1, 1998 through

December 31, 2012. After excluding those younger than 15 years (n = 292) and those with ante-

cedent stroke disorder (n = 309), antecedent CMV infection (n = 16), or incomplete data

(n = 309), 22,581 PLWHA remained for analysis (Fig 1). The overall mean (SD) age was 34.2

(10.8) years, and 91.1% of the subjects were male. During the follow-up period, 228 (1.01%)

PLWHA had new onset of stroke, including 169 (0.75%) ischemic strokes and 59 (0.26%) hem-

orrhagic strokes. Among the 439 PLWHA with CMV end-organ disease, there were 17 (3.87%)

all-cause strokes, including 14 (3.19%) ischemic strokes and 3 (0.68%) hemorrhagic strokes.

Among the 22,142 PLWHA without CMV end-organ disease, there were 211 (0.95%) all-cause

strokes, including 155 (0.70%) ischemic strokes and 56 (0.25%) hemorrhagic strokes.

Fig 1. Study flow diagram. PLWHA, people living with HIV/AIDS; CMV, cytomegalovirus.

doi:10.1371/journal.pone.0151684.g001
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Demographic characteristics and comorbidities

Table 1 shows the demographic characteristics and comorbidities of PLWHA with and without

CMV end-organ disease. There was no significant difference in age, sex, or comorbidities

between these groups. As compared with PLWHA without CMV end-organ disease, PLWHA

with CMV end-organ disease were more likely to have other OIs during the study follow-up

period. In addition, PLWHA with CMV end-organ disease were more likely to have received

HAART than those without CMV end-organ disease.

Incidence rate of stroke

The incidence rate of all-cause stroke per 1,000 person-years (py) was 6.38 for PLWHA with

CMV end-organ disease and 1.97 for PLWHA without CMV end-organ disease (P<0.001)

(Table 1), which was primarily attributable to a significantly higher incidence of ischemic

stroke for PLWHA with CMV end-organ disease (incidence rate per 1,000 py: 5.26 vs. 1.45;

P<0.001). There was no significant difference in the incidence of hemorrhagic stroke for

PLWHA with and without CMV end-organ disease (incidence rates per 1000 py: 1.13 and

0.55, respectively; p = 0.181). As compared with PLWHA without CMV end-organ disease, the

RHs of incident ischemic, hemorrhagic, and all-cause stroke among PLWHA with CMV end-

organ disease were 3.28 (95% CI, 1.85 to 5.80), 2.15 (95% CI, 0.67 to 6.89), and 3.00 (95% CI,

1.80 to 4.99), respectively.

The mean (SD) time to onset of incident all-cause stroke was 4.1 (3.4) and 4.6 (3.7) years

from HIV diagnosis in stroke patients with and without CMV end-organ disease, respectively

(P<0.001). Among stroke patients with CMV end-organ disease, the mean (SD) time to onset

of incident all-cause stroke was 1.2 (1.2) years from CMV end-organ disease. Also, among 17

stroke patients with CMV end-organ disease, 53.0% (9) occurred within one year of CMV end-

organ disease; 23.5% (4) occurred between one and two years of CMV end-organ disease; and

23.5% (4) occurred after two years of CMV end-organ disease.

Association of CMV end-organ disease with incident all-cause stroke

A time-dependent Cox proportional-hazards model was used to identify independent risk fac-

tors for all-cause stroke. After adjusting for age, sex, comorbidities, OIs, and HAART, CMV

end-organ disease was associated with a significantly increased risk of incident all-cause stroke

(AHR, 3.07; 95% CI, 1.70 to 5.55) (Table 2). Other risk factors for incident all-cause stroke

included age�50 years (AHR, 6.37; 95% CI, 4.76 to 8.54), hypertension (AHR, 2.11; 95% CI,

1.29 to 3.44), tuberculosis (TB) infection (AHR 1.51; 95% CI, 1.02 to 2.24), and cryptococcal

meningitis (AHR, 5.24; 95% CI, 2.53 to 10.82). As compared with PLWHA with low income,

those with intermediate income had a lower risk of incident all-cause stroke (AHR 0.59; 95%

CI, 0.42 to 0.83). Moreover, PLWHA receiving HAART had a lower risk of incident all-cause

stroke (AHR, 0.48; 95% CI, 0.35 to 0.64) than those who did not receive HAART.

Association of CMV end-organ disease with incident ischemic and
hemorrhagic stroke

Table 3 shows the time-dependent multinomial Cox regression for factors associated with

ischemic and hemorrhagic stroke among PLWHA. CMV end-organ disease significantly

increased the risk of incident ischemic stroke (AHR, 3.14; 95% CI, 1.49 to 6.62) but not inci-

dent hemorrhagic stroke (AHR, 2.52; 95% CI, 0.64 to 9.91).

Association of Cytomegalovirus Infection with Stroke
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Sensitivity analysis of the association between CMV end-organ disease
and stroke

Fig 2 shows the results of sensitivity analysis of the association between CMV end-organ dis-

ease and stroke after adjusting for patient demographics, comorbidities, OIs, and HAART.

Table 1. Characteristics of PLWHAwith and without CMV End-organ Disease.

Characteristic No. (%) of subjects* P

With cytomegalovirus end-organ disease,
n = 439

Without cytomegalovirus end-organ disease,
n = 22142

Demographics

Age, yr

Mean ± SD 34.2 ± 10.6 34.2 ± 10.9 0.87

15–49 401 (91.34) 20199 (91.22) 0.96

�50 38 (8.66) 1943 (8.78)

Sex

Male 411 (93.62) 20164 (91.07) 0.062

Female 28 (6.38) 1978 (8.93)

Income level

Low 265 (60.36) 13023 (58.82) 0.663

Intermediate 122 (27.79) 6594 (29.78)

High 52 (11.85) 2525 (11.40)

Urbanization

Rural 51 (11.62) 4246 (19.18) <0.001

Urban 388 (88.38) 17896 (80.82)

Comorbidities

Diabetes 7 (1.59) 364 (1.64) 0.936

CKD 4 (0.91) 121 (0.55) 0.308

HTN 10 (2.28) 518 (2.34) 0.933

CHD 2 (0.46) 155 (0.70) 0.542

Dyslipidemia 4 (0.91) 190 (0.86) 0.905

Cancer 14 (3.19) 495 (2.24) 0.183

Opportunistic infections after HIV diagnosis

TB infection 150 (34.17) 1269 (5.73) < .001

Disseminated Mycobacterium avium
complex infection

36 (8.20) 93 (0.42) < .001

Pneumocystis jirovecii pneumonia 220 (50.11) 1131 (5.11) < .001

Cryptococcal meningitis 22 (5.01) 160 (0.72) < .001

Candidiasis 186 (42.37) 1473 (6.65) < .001

Penicillium marneffei infection 17 (3.87) 134 (0.61) < .001

Toxoplasma encephalitis 10 (2.28) 53 (0.24) < .001

Herpes zoster 83 (18.91) 1559 (7.04) < .001

HAART

No 12 (2.73) 7623 (34.43) <0.001

Yes 427 (97.27) 14519 (65.57)

Follow-up years, mean (SD) 6.07 (3.79) 4.83 (3.69) < .001

PLWHA, people living with HIV/AIDS; SD, standard deviation; HIV, human immunodeficiency virus; CMV, cytomegalovirus; CKD, chronic kidney disease;

HTN, hypertension; CHD, coronary heart disease; TB, tuberculosis; HAART, highly active antiretroviral therapy.

*Unless otherwise stated.

doi:10.1371/journal.pone.0151684.t001
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Table 2. Univariate and Multivariate Analyses of the Association of CMV End-organ Disease and All-cause Stroke among PLWHA.

Characteristic Number of patients All-cause Stroke Univariate analysis Multivariates analysis

n (%) HR (95% CI) AHR (95% CI)

Cytomegalovirus end-organ disease

No 22142 211 (0.95) 1 1

Yes 439 17 (3.87) 3.00 (1.80–4.99)*** 3.07 (1.70–5.55)***

Demographics

Age, yr

15–49 20600 134 (0.65) 1 1

�50 1981 94 (4.75) 7.69 (5.90–10.01)*** 6.37 (4.76–8.54)***

Sex

Male 20575 189 (0.94) 1 1

Female 2006 37 (1.88) 1.63 (1.15–2.32)** 0.95 (0.65–1.38)

Income level

Low 13288 163 (1.23) 1 1

Intermediate 6716 41 (0.61) 0.55 (0.39–0.77)*** 0.59 (0.42–0.83)**

High 2577 24 (0.93) 0.73 (0.48–1.12) 0.77 (0.50–1.18)

Urbanization

Rural 4297 52 (1.21) 1 1

Urban 18284 176 (0.99) 0.66 (0.49–0.91)** 0.84 (0.61–1.17)

Comorbidity

Diabetes

No 22210 216 (0.99) 1 1

Yes 371 12 (3.23) 4.44 (2.48–7.95)*** 1.16 (0.60–2.24)

CKD

No 22456 225 (1.00) 1 1

Yes 125 3 (2.40) 3.27 (1.05–10.22)* 1.18 (0.37–3.82)

HTN

No 22053 202 (0.92) 1 1

Yes 528 26 (4.92) 6.99 (4.64–10.53)*** 2.11 (1.29–3.44)**

CHD

No 22424 224 (1.00) 1 1

Yes 157 4 (2.55) 2.89 (1.07–7.76)* 0.43 (0.15–1.22)

Dyslipidemia

No 22387 221 (0.99) 1 1

Yes 194 7 (3.61) 4.79 (2.26–10.16)*** 1.31 (0.57–3.02)

Cancer

No 22072 218 (0.99) 1 1

Yes 509 10 (1.96) 2.58 (1.37–4.86)** 1.31 (0.68–2.52)

Opportunistic infections after HIV diagnosis

TB infection

No 21162 184 (0.87) 1 1

Yes 1419 44 (3.10) 1.75 (1.21–2.51)** 1.51 (1.02–2.24)*

Disseminated Mycobacterium avium complex infection

No 22452 224 (1.00) 1 1

Yes 129 4 (3.10) 2.84 (1.06–7.62)* 1.94 (0.68–5.53)

Pneumocystis jirovecii pneumonia

No 21230 209 (0.98) 1 1

Yes 1351 19 (1.41) 1.19 (0.74–1.90) 1.03 (0.60–1.77)

(Continued)
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CMV end-organ disease was significantly associated with higher risk of all-cause stroke in all

PLWHA subgroups except female patients, those not receiving HAART, those with intermedi-

ate or high income, and those with TB infection, P. jirovecii pneumonia, or candidiasis. In addi-

tion, CMV end-organ disease significantly increased the risk of ischemic stroke in all PLWHA

subgroups except patients aged 15 to 49 years, those with intermediate or high income, and

those with TB infection, P. jirovecii pneumonia, or candidiasis. CMV end-organ disease was

not associated with a higher risk of hemorrhagic stroke in any PLWHA subgroup.

Discussion

In this large cohort study of 22,581 Taiwanese PLWHA, the overall incidence rate of all-cause

stroke was 2.08 per 1,000 py. Controlling for potential confounders, the risk of incident all-

cause stroke was higher among PLWHA with CMV end-organ disease than among those with-

out CMV end-organ disease. When type of stroke was considered, CMV end-organ disease sig-

nificantly increased the risk of ischemic stroke but not hemorrhagic stroke.

This study found that the incidence rates of all-cause, ischemic, and hemorrhagic strokes

were 2.08, 1.54, and 0.54 per 1,000 py among PLWHA, respectively. In a comparison with

other countries, the rate of incident all-cause stroke among PLWHA in Taiwan was lower than

that in Danish HIV cohort (2.68 per 1000 PY) [21]. Also, the rate of incident ischemic stroke

among PLWHA in Taiwan was similar to that in Swiss HIV cohort (1.73 per 1000 PY) [22],

but lower than that among PLWHA in U.S. (5.27 per 1000 PY) [22].An association between

Table 2. (Continued)

Characteristic Number of patients All-cause Stroke Univariate analysis Multivariates analysis

n (%) HR (95% CI) AHR (95% CI)

Cryptococcal meningitis

No 22399 220 (0.98) 1 1

Yes 182 8 (4.40) 4.26 (2.10–8.62)*** 5.24 (2.53–10.82)***

Candidiasis

No 20922 203 (0.97) 1 1

Yes 1659 25 (1.51) 1.14 (0.75–1.72) 0.98 (0.61–1.56)

Penicillium marneffei infection

No 22430 223 (0.99) 1 1

Yes 151 5 (3.31) 2.22 (0.91–5.38) 1.75 (0.70–4.36)

Toxoplasma encephalitis

No 22518 226 (1.00) 1 1

Yes 63 2 (3.17) 2.73 (0.68–10.98) 2.25 (0.55–9.25)

Herpes zoster

No 20939 207 (0.99) 1 1

Yes 1642 21 (1.28) 0.87 (0.55–1.36) 0.78 (0.49–1.23)

HAART

No 7635 81 (1.06) 1 1

Yes 14946 147 (0.98) 0.44 (0.34–0.58)*** 0.48 (0.35–0.64)***

* < .05

** < .01

*** < .001

PLWHA, people living with HIV/AIDS; AHR, adjusted hazard ratio; CI, confidence interval; HIV, human immunodeficiency virus; CMV, cytomegalovirus;

CKD, chronic kidney disease; HTN, hypertension; CHD, coronary heart disease; TB, tuberculosis; HAART, highly active antiretroviral therapy.

doi:10.1371/journal.pone.0151684.t002
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CMV disease and vasculopathy was reported in previous studies [23]. However, findings from

studies of the link between CMV disease and incident stroke are limited and inconsistent [11–

13]. A case study reported that CMV end-organ disease in an HIV-infected patient induced

central nervous system vasculitis, which resulted in multiple small-vessel cerebral infarctions

[11]. The magnetic resonance imaging findings showed interval evolution of infarctions while

Table 3. Time-dependent Multinomial Regression Analysis of the Association of CMV End-organ Disease with Ischemic and Hemorrhagic Stroke
among PLWHA.

Variables Ischemic stroke Hemorrhagic stroke

AHR (95% CI) AHR (95% CI)

Cytomegalovirus end-organ disease 3.14 (1.49–6.62)** 2.52 (0.64–9.91)

Demographics

Age, yr

15–49 1 1

�50 7.22 (5.14–10.13)*** 4.10 (2.02–8.32)***

Sex

Male 1 1

Female 1.18 (0.78–1.79) 0.46 (0.17–1.24)

Income level

Low 1 1

Intermediate 1.04 (0.65–1.67) 3.00 (0.90–9.97)

High 0.70 (0.40–1.21) 1.20 (0.32–4.55)

Urbanization

Rural 1 1

Urban 0.86 (0.59–1.26) 0.79 (0.45–1.40)

Comorbidity

Diabetes 1.61 (0.73–3.58) 0.35 (0.04–3.26)

CKD - 5.77 (1.28–26.09)*

HTN 1.57 (0.81–3.02) 3.86 (1.44–10.40)**

CHD 0.58 (0.19–1.83) -

Dyslipidemia 1.43 (0.52–3.95) 0.75 (0.10–5.97)

Cancer 1.04 (0.43–2.52) 2.05 (0.60–7.04)

Opportunistic infections after HIV diagnosis

TB infection 1.56 (0.98–2.49) 1.36 (0.60–3.11)

Disseminated Mycobacterium avium complex infection 2.49 (0.78–7.96) -

Pneumocystis jirovecii pneumonia 1.16 (0.60–2.22) 0.69 (0.18–2.66)

Cryptococcal meningitis 5.86 (2.67–12.85)*** 2.71 (0.41–18.00)

Candidiasis 0.94 (0.52–1.72) 1.19 (0.45–3.16)

Penicillium marneffei infection 1.27 (0.38–4.30) 3.31 (0.68–16.05)

Toxoplasma encephalitis 2.90 (0.61–13.68) -

Herpes zoster 0.73 (0.42–1.27) 1.01 (0.44–2.33)

HAART

No 1 1

Yes 0.52 (0.37–0.74)*** 0.41 (0.23–0.72)**

* < .05

** < .01

*** < .001

PLWHA, people living with HIV/AIDS; AHR, adjusted hazard ratio; CI, confidence interval; HIV, human immunodeficiency virus; CMV, cytomegalovirus;

CKD, chronic kidney disease; HTN, hypertension; CHD, coronary heart disease; TB, tuberculosis; HAART, highly active antiretroviral therapy.

doi:10.1371/journal.pone.0151684.t003
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the patient received valganciclovir treatment [11]. A recent observational study found that the

proportion of patients with CMV seropositivity was significantly higher among stroke patients

than among matched non-stroke patients [12]. However, a recent Italian Cohort Naive Antire-

trovirals (ICONA) study showed that HIV patients who were CMV-seropositive at baseline

did not have a significantly higher risk of cerebrovascular diseases than those who were CMV-

seronegative [13]. Although the ICONA study was the first cohort study to evaluate the link

between CMV infection and stroke, the association of CMV infection and stroke might have

been underestimated in that study because many of the CMV-seropositive patients could have

had asymptomatic CMV infection [13]. A prior study showed that asymptomatic CMV infec-

tion was not associated with atherosclerosis development [24]. The present study followed

22,050 HIV patients and evaluated the association of CMV end-organ disease with stroke.

Time-dependent Cox regression showed that CMV end-organ disease significantly increased

the risk of all-cause stroke. When type of stroke was considered, CMV end-organ disease sig-

nificantly increased the risk of ischemic stroke but not hemorrhagic stroke. These findings sug-

gest that CMV end-organ disease was an independent predictor of ischemic stroke among

PLWHA.

CMV-induced inflammation, vasculopathy, and atherosclerosis may have increased the risk

of incident stroke among PLWHA with CMV end-organ disease in this study. CMV end-organ

disease of smooth muscle cells can cause vascular cell inflammation and proliferation through

generation of reactive oxygen species and activation of nuclear factor kB [9, 25]. CMV end-

organ disease of smooth muscle cells can also initiate proinflammatory gene transcription (e.g.,

5-lipoxygenase expression), while 5-lipoxgenase induces synthesis of leukotriene B4, a powerful

Fig 2. Sensitivity analysis of the association between CMV end-organ disease and stroke in PLWHA subgroups, after adjustment for patient
demographics, comorbidities, and antiretroviral treatment. Values greater than 1.0 indicate increased risk. AHR, adjusted hazard ratio; CMV,
cytomegalovirus; PLWHA, people living with HIV/AIDS; HAART, highly active antiretroviral therapy; CHD, coronary heart disease; MAC, Mycobacterium
avium complex; PJP, Pneumocystis jirovecii pneumonia; PM, Penicilliummarneffei.

doi:10.1371/journal.pone.0151684.g002
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proinflammatory cytokine, and may contribute to atherosclerosis and stenosis [8]. Also, CMV

end-organ disease of vascular cells caused the stimulation of fractalkine-CX3CR1 interaction,

which resulted in the endothelial damage [26]. In addition, human CMV inhibits Akt-medi-

ated endothelial nitric oxide synthase activation, which leads to endothelial dysfunction and

exerts a proatherogenic effect [7]. Taken together, these mechanisms indicate that active CMV

replication in vascular endothelial cells may create an atherosclerotic environment that results

in restriction of blood flow and promotion of ischemic stroke.

This study is the largest cohort study of the association between CMV end-organ disease

and subsequent stroke development. Our research design, which included unbiased subject

selection and strict criteria for CMV diagnosis, increased the validity of the findings. In addi-

tion, this nationwide population-based study traced all PLWHA, and referral bias was mini-

mized because all medical care was covered by the Taiwan National Health Insurance.

Moreover, the large sample size was powered to detect even very small differences between

PLWHA with and without CMV end-organ disease. Additionally, the timing of CMV end-

organ disease was ascertained in all patients, and CMV end-organ disease was regarded as a

time-dependent variable in the analysis. Longitudinal studies that do not account for changes

in exposure during the study period do not yield precise estimates of the effect of the exposure

on outcomes [27].

The present study has some limitations. First, some potential risk factors, including smoking

and obesity, could not be ascertained. However, some smoking-related comorbidities (e.g.,

hypertension and coronary heart disease) were included in the analysis. Second, diagnoses of

CMV end-organ disease and stroke that rely on administrative claims data recorded by physi-

cians or hospitals may be less accurate than diagnoses made in a prospective clinical setting,

but there is no reason to suspect that the validity of claims data would differ with a patient’s

CMV status. CMV end-organ disease in this study was defined strictly according to the rele-

vant ICD-9 codes and was confirmed by records of treatment with anti-CMV drugs, thereby

maximizing diagnostic validity. Furthermore, a stroke event was defined as a patient hospital-

ized for stroke. A previous study confirmed that the accuracy of the Taiwan NHIRD in record-

ing stroke diagnoses was high (98%) [16]. Third, CD4 counts and viral loads—the index of

advanced-stage of HIV infection—were unavailable in our database. However, our study used

the opportunistic infections as the proxy for advanced-stage of HIV infection. All opportunistic

infections among PLWHA were included in the multivariate analysis. Finally, this study was

limited to the evaluation of the association between CMV end-organ disease and incident

stroke among PLWHA. Although this study revealed an association between CMV end-organ

disease and stroke, the generalizability of our findings to other non-HIV subgroups requires

confirmation.

Conclusion

This nationwide, long-term cohort study revealed a link between CMV end-organ disease and

stroke among PLWHA. CMV end-organ disease was associated with a higher risk of incident

all-cause stroke. When type of stroke was considered, CMV iend-organ disease was signifi-

cantly associated with an increased risk of ischemic stroke but not hemorrhagic stroke. These

findings suggest that CMV end-organ disease was an independent predictor of ischemic stroke

among PLWHA.

Acknowledgments

This study is based in part on data from the National Health Insurance Research Database pro-

vided by the Bureau of National Health Insurance, Department of Health and managed by

Association of Cytomegalovirus Infection with Stroke

PLOS ONE | DOI:10.1371/journal.pone.0151684 March 17, 2016 11 / 13



National Health Research Institutes. This research was supported by a grant from amfAR (The

Foundation for AIDS Research), with support from the U.S. National Institutes of Health’s

National Institute of Allergy and Infectious Diseases, the Eunice Kennedy Shriver National

Institute of Child Health and Human Development, and the National Cancer Institute, as part

of the International Epidemiologic Databases to Evaluate AIDS (IeDEA; U01AI069907). This

study was also supported by Kaohsiung Medical University “Aim for the Top Universities

Grant” grant No. KMU-TP103E01. The interpretation and conclusions contained herein are

solely the responsibility of the authors do not represent those of National Health Insurance

Administration, Department of Health, National Health Research Institutes, or any of the

above-mentioned institutions. The authors are grateful for statistical consultation by the Bio-

statistical Consultation Centre, National Yang-Ming University, Taipei, Taiwan. The authors

also gratefully acknowledge Annette H. Sohn for data interpretation.

Author Contributions

Conceived and designed the experiments: YFY IJ PHC YLL GBS YAC. Performed the experi-

ments: YFY IJ PHC YLL GBS YAC. Analyzed the data: YFY IJ PHC YLL GBS YAC. Contrib-

uted reagents/materials/analysis tools: YFY IJ MC PHC YLL GBS YAC. Wrote the paper: YFY

IJ PHC YLL GBS YAC. Approved the final version of the manuscript: YFY IJ MC PHC YLL

GBS YAC.

References
1. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, Michaud C, et al. (2012) Disability-adjusted life

years (DALYs) for 291 diseases and injuries in 21 regions, 1990–2010: a systematic analysis for the
Global Burden of Disease Study 2010. Lancet 380: 2197–2223. doi: 10.1016/S0140-6736(12)61689-4
PMID: 23245608

2. Jiang B, WangWZ, Chen H, Hong Z, Yang QD,Wu SP, et al. (2006) Incidence and trends of stroke and
its subtypes in China: results from three large cities. Stroke 37: 63–68. PMID: 16306469

3. Zhang XH, Lei H, Liu AJ, Zou YX, Shen FM, Su DF, et al. (2011) Increased oxidative stress is responsi-
ble for severer cerebral infarction in stroke-prone spontaneously hypertensive rats. CNS Neurosci Ther
17: 590–598. doi: 10.1111/j.1755-5949.2011.00271.x PMID: 22117799

4. Sessa R, Pietro MD, Filardo S, Turriziani O (2014) Infectious burden and atherosclerosis: A clinical
issue. World J Clin Cases 2: 240–249. doi: 10.12998/wjcc.v2.i7.240 PMID: 25032197

5. Smeeth L, Thomas SL, Hall AJ, Hubbard R, Farrington P, Vallance P, et al. (2004) Risk of myocardial
infarction and stroke after acute infection or vaccination. N Engl J Med 351: 2611–2618. PMID:
15602021

6. Ford N, Shubber Z, Saranchuk P, Pathai S, Durier N, O'Brien DP, et al. (2013) Burden of HIV-related
cytomegalovirus retinitis in resource-limited settings: a systematic review. Clin Infect Dis 57: 1351–
1361. doi: 10.1093/cid/cit494 PMID: 23899681

7. Shen YH, Zhang L, Utama B, Wang J, Gan Y, Wang X, et al. (2006) Human cytomegalovirus inhibits
Akt-mediated eNOS activation through upregulating PTEN (phosphatase and tensin homolog deleted
on chromosome 10). Cardiovasc Res 69: 502–511. PMID: 16316638

8. Qiu H, Straat K, Rahbar A, Wan M, Soderberg-Naucler C, Haeggstrom JZ, et al. (2008) Human CMV
infection induces 5-lipoxygenase expression and leukotriene B4 production in vascular smooth muscle
cells. J Exp Med 205: 19–24. doi: 10.1084/jem.20070201 PMID: 18180307

9. Speir E, Yu ZX, Ferrans VJ, Huang ES, Epstein SE (1998) Aspirin attenuates cytomegalovirus infectiv-
ity and gene expression mediated by cyclooxygenase-2 in coronary artery smooth muscle cells. Circ
Res 83: 210–216. PMID: 9686761

10. Nagel MA, Mahalingam R, Cohrs RJ, Gilden D (2010) Virus vasculopathy and stroke: an under-recog-
nized cause and treatment target. Infect Disord Drug Targets 10: 105–111. PMID: 20166970

11. Anderson AM, Fountain JA, Green SB, Bloom SA, Palmore MP (2010) Human immunodeficiency
virus-associated cytomegalovirus infection with multiple small vessel cerebral infarcts in the setting of
early immune reconstitution. J Neurovirol 16: 179–184. doi: 10.3109/13550281003735717 PMID:
20370600

Association of Cytomegalovirus Infection with Stroke

PLOS ONE | DOI:10.1371/journal.pone.0151684 March 17, 2016 12 / 13

http://dx.doi.org/10.1016/S0140-6736(12)61689-4
http://www.ncbi.nlm.nih.gov/pubmed/23245608
http://www.ncbi.nlm.nih.gov/pubmed/16306469
http://dx.doi.org/10.1111/j.1755-5949.2011.00271.x
http://www.ncbi.nlm.nih.gov/pubmed/22117799
http://dx.doi.org/10.12998/wjcc.v2.i7.240
http://www.ncbi.nlm.nih.gov/pubmed/25032197
http://www.ncbi.nlm.nih.gov/pubmed/15602021
http://dx.doi.org/10.1093/cid/cit494
http://www.ncbi.nlm.nih.gov/pubmed/23899681
http://www.ncbi.nlm.nih.gov/pubmed/16316638
http://dx.doi.org/10.1084/jem.20070201
http://www.ncbi.nlm.nih.gov/pubmed/18180307
http://www.ncbi.nlm.nih.gov/pubmed/9686761
http://www.ncbi.nlm.nih.gov/pubmed/20166970
http://dx.doi.org/10.3109/13550281003735717
http://www.ncbi.nlm.nih.gov/pubmed/20370600


12. Huang ZR, Yu LP, Yang XC, Zhang F, Chen YR, Feng F, et al. (2012) Human cytomegalovirus linked
to stroke in a Chinese population. CNS Neurosci Ther 18: 457–460. doi: 10.1111/j.1755-5949.2012.
00326.x PMID: 22672297

13. Lichtner M, Cicconi P, Vita S, Cozzi-Lepri A, Galli M, Lo Caputo S, et al. (2015) Cytomegalovirus coin-
fection is associated with an increased risk of severe non-AIDS-defining events in a large cohort of
HIV-infected patients. J Infect Dis 211: 178–186. doi: 10.1093/infdis/jiu417 PMID: 25081936

14. Cheng TM (2003) Taiwan's new national health insurance program: genesis and experience so far.
Health Aff (Millwood) 22: 61–76.

15. WuCY, Chen YJ, Ho HJ, Hsu YC, Kuo KN, WuMS, et al. (2012) Association between nucleoside ana-
logues and risk of hepatitis B virus-related hepatocellular carcinoma recurrence following liver resec-
tion. JAMA 308: 1906–1914. PMID: 23162861

16. Cheng CL, Kao YH, Lin SJ, Lee CH, Lai ML (2011) Validation of the National Health Insurance
Research Database with ischemic stroke cases in Taiwan. Pharmacoepidemiol Drug Saf 20: 236–242.
doi: 10.1002/pds.2087 PMID: 21351304

17. Lin CC, Lai MS, Syu CY, Chang SC, Tseng FY (2005) Accuracy of diabetes diagnosis in health insur-
ance claims data in Taiwan. J Formos Med Assoc 104: 157–163. PMID: 15818428

18. Chen M, Jen IA, Chen YM (2015) Nationwide Study of Cancer in HIV-infected Taiwanese Children in
1998–2009. J Acquir Immune Defic Syndr.

19. Juang HT, Chen PC, Chien KL (2015) Using antidepressants and the risk of stroke recurrence: report
from a national representative cohort study. BMC Neurol 15: 86. doi: 10.1186/s12883-015-0345-x
PMID: 26045186

20. Yen YF, ChungMS, Hu HY, Lai YJ, Huang LY, Lin YS, et al. (2015) Association of pulmonary tuberculo-
sis and ethambutol with incident depressive disorder: a nationwide, population-based cohort study. J
Clin Psychiatry 76: e505–511. doi: 10.4088/JCP.14m09403 PMID: 25919843

21. Rasmussen LD, Engsig FN, Christensen H, Gerstoft J, Kronborg G, Pedersen C, et al. (2011) Risk of
cerebrovascular events in persons with and without HIV: a Danish nationwide population-based cohort
study. AIDS 25: 1637–1646. doi: 10.1097/QAD.0b013e3283493fb0 PMID: 21646903

22. Chow FC, Regan S, Feske S, Meigs JB, Grinspoon SK, Triant VA, et al. (2012) Comparison of ischemic
stroke incidence in HIV-infected and non-HIV-infected patients in a US health care system. J Acquir
Immune Defic Syndr 60: 351–358. doi: 10.1097/QAI.0b013e31825c7f24 PMID: 22580566

23. Streblow DN, Dumortier J, Moses AV, Orloff SL, Nelson JA (2008) Mechanisms of cytomegalovirus-
accelerated vascular disease: induction of paracrine factors that promote angiogenesis and wound
healing. Curr Top Microbiol Immunol 25: 397–415.

24. Muller BT, Huber R, Henrich B, Adams O, Berns G, Siebler M, et al. (2005) Chlamydia pneumoniae,
herpes simplex virus and cytomegalovirus in symptomatic and asymptomatic high-grade internal
carotid artery stenosis. Does infection influence plaque stability? Vasa 34: 163–169. PMID: 16184834

25. Kowalik TF, Wing B, Haskill JS, Azizkhan JC, Baldwin AS Jr., Huang ES, et al. (1993) Multiple mecha-
nisms are implicated in the regulation of NF-kappa B activity during human cytomegalovirus infection.
Proc Natl Acad Sci U S A 90: 1107–1111. PMID: 8381532

26. Bolovan-Fritts CA, Spector SA (2008) Endothelial damage from cytomegalovirus-specific host immune
response can be prevented by targeted disruption of fractalkine-CX3CR1 interaction. Blood 111: 175–
182. PMID: 17895402

27. Collett D. Modelling survival data in medical research, 2nd ed., Chapman & Hall; 2003.

Association of Cytomegalovirus Infection with Stroke

PLOS ONE | DOI:10.1371/journal.pone.0151684 March 17, 2016 13 / 13

http://dx.doi.org/10.1111/j.1755-5949.2012.00326.x
http://dx.doi.org/10.1111/j.1755-5949.2012.00326.x
http://www.ncbi.nlm.nih.gov/pubmed/22672297
http://dx.doi.org/10.1093/infdis/jiu417
http://www.ncbi.nlm.nih.gov/pubmed/25081936
http://www.ncbi.nlm.nih.gov/pubmed/23162861
http://dx.doi.org/10.1002/pds.2087
http://www.ncbi.nlm.nih.gov/pubmed/21351304
http://www.ncbi.nlm.nih.gov/pubmed/15818428
http://dx.doi.org/10.1186/s12883-015-0345-x
http://www.ncbi.nlm.nih.gov/pubmed/26045186
http://dx.doi.org/10.4088/JCP.14m09403
http://www.ncbi.nlm.nih.gov/pubmed/25919843
http://dx.doi.org/10.1097/QAD.0b013e3283493fb0
http://www.ncbi.nlm.nih.gov/pubmed/21646903
http://dx.doi.org/10.1097/QAI.0b013e31825c7f24
http://www.ncbi.nlm.nih.gov/pubmed/22580566
http://www.ncbi.nlm.nih.gov/pubmed/16184834
http://www.ncbi.nlm.nih.gov/pubmed/8381532
http://www.ncbi.nlm.nih.gov/pubmed/17895402

