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Abstract

Associations of hepatitis C virus infection with Alzheimer’s disease have not been studied

among higher risk, bipolar disorder patients. This population-based case-control study

investigated the risks of hepatitis C virus infection among Alzheimer’s disease patients with

bipolar disorder in the years preceding their Alzheimer’s disease diagnosis. We used 2000–

2013 data from the Longitudinal Health Insurance Database in Taiwan. Among patients with

bipolar disorder, 73 were diagnosed with Alzheimer’s disease (cases), who were compared

with 365 individuals with bipolar disorder but without Alzheimer’s disease (randomly se-

lected controls matched on sex, age, and index year with cases). Prior claims (before the

diagnosis year/index year for controls) were screened for a diagnosis of hepatitis C virus

infection. Conditional logistic regression models were used for analysis. We found that 23

(31.51%) and 60 (16.44%) patients with bipolar disease were identified with a hepatitis C

diagnosis among those with and without Alzheimer’s disease, respectively. Compared to

controls, patients with Alzheimer’s disease showed 2.31-fold (95% confidence interval =

1.28–4.16) increased risk of hepatitis C infections adjusted for demographics and socio-eco-

nomic status. Findings suggest an association of Alzheimer’s disease with a preceding diag-

nosis of hepatitis C infection among patients with bipolar disorder. Findings may suggest a

need for increased awareness of and appropriate surveillance for Alzheimer’s disease in

patients with bipolar disorder diagnosed with hepatitis C infection.
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Introduction

Bipolar disorder (BD) is a common, disabling mental disorder, with lifetime prevalence rates

ranging from 0.8% to 2% [1]. In addition to unusual shifts in mood, energy, and activity levels,

impaired cognition is increasingly recognized as a central feature of the BD phenotype. Indeed,

growing concerns are being articulated that BD may be associated with cognitive deficits even

during euthymic periods, especially executive function and attentional processing [2, 3]. In a

systematic review and meta-analysis, Diniz et al. concluded that there is a significantly higher

risk of dementia among older adults with a history of BD [4].

Other studies point to an increased risk of infectious diseases among patients with BD likely

due to higher-risk behaviors, such as using injectable drugs, having multiple sexual partners

and high-risk partners, and infrequent condom use, in addition to the overarching issue of

poverty that often accompanies severe mental illness [5–7]. Among the infectious diseases,

hepatitis C virus (HCV) infection is a contemporary worldwide public health problem with a

high disease burden. According to the World Health Organization, approximately 130–150

million people globally are chronic carriers of HCV, contributing to more than 350,000 deaths

annually from hepatitis C-related liver disease [8]. Among patients with BD, a remarkably ele-

vated risk of HCV infection is reported, with estimated infection rates of 10% to 23.3% [9, 10]

compared to 1.8% in the general population [11].

HCV infection has serious consequences. In addition to liver-related sequelae (e.g., cirrhosis,

hepatic failure, and hepatocellular carcinoma), chronic HCV infection is linked to increased

risks of extra-hepatic morbidity, including metabolic, cardiovascular and neurological morbi-

dities [12–14]. Specifically, cognitive impairment is a frequently observed neurological mani-

festation of HCV infection, attributed as one contributor to lower quality of life among HCV

infected persons. Recent literature documents considerable neurocognitive impairment among

a segment of HCV-infected patients with minimal or absent liver disease, with the deficits par-

ticularly manifesting in concentration and speed of working memory [15, 16]. Furthermore,

specifically, HCV infection is reported to increase the risk of dementia, including Alzhemier’s

disease (AD), after adjusting for alcohol-related disease, liver cirrhosis, hepatitis encephalopa-

thy, and hepatocellular carcinoma [17].

To summarize, previous literature documents that BD is associated with increased risks of

both dementia and HCV infection, presenting a major clinical and therapeutic challenge.

Although HCV infection is documented to be associated with elevated risk of AD in the gen-

eral population [15–17], this association has not been explored among patients with BD who

are shown to have higher risks of hepatitis C and AD in separate studies. Addressing this

knowledge gap may be important for BD patients’ quality of life because early detection of cog-

nitive decline and its associated factors can help mitigate the severe health consequences of

dementia.

We conducted a nationwide, population-based study to investigate the risk of incident AD

among HCV infected patients with BD compared to BD patients without HCV infection. We

hypothesized that for patients with BD, a diagnosis of HCV infection may be a risk factor for a

subsequent diagnosis of AD.

Methods

Database

This study used 2000~2013 data from the Taiwan “Longitudinal Health Insurance Database

2005” (LHID2005), which includes claims data for 1,000,000 beneficiaries under the Taiwan

National Health Insurance (NHI) program. This longitudinal dataset provides an excellent
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opportunity to track enrollees’ healthcare utilization from 1995, the year of National Health

Insurance implementation. Hundreds of research studies have been published based on claims

data from Taiwan’s single payer, NHI program [18].

This study was exempt from full review by the Institutional Review Board of Taipei Medical

University (TMU-JIRB 201612019) because the LHID2005 consists of de-identified, publicly

available secondary data released for research purposes.

Study sample

We first identified 9239 patients aged more than 18 years outpatient treated for BD between

January 2000 and December 2013, with at least one claim showing a BD diagnosis made by a

board-certified psychiatrist (ICD-9-CM code of 296.0X, 296.4X, 296.5X, 296.6X, 296.7X,

296.80 or 296.89). Of the 9239 patients with BD, 73 were identified to have a diagnosis of AD

(ICD-9-CM code 331.0). Because of concerns about the diagnostic accuracy documented in

administrative datasets, we restricted study cases to those who had received prescriptions for

acetylcho-linesterase inhibitors (AChEIs; N06DA02, N06DA03, N06DA04) as per the Ana-

tomical Therapeutic Chemical classification system. These 73 BD patients with AD (age range

58~79 years old) were defined as cases for the purpose of the case-control study. We also

assigned the date of the first AD diagnosis among all claims as the index date.

The controls were selected from the remaining BD patients without a diagnosis of AD. We

randomly selected 365 control BD patients (five per AD patient), matched with the cases on

age (<45, 45~64, 65~74,>74 years), sex and index year (year of corresponding case’s first

recorded AD diagnosis). Case-control matching was done using the SAS proc surveyselect

program (SAS System for Windows, vers. 8.2, SAS Institute, Cary, NC). The controls were

selected by matching them to a given case simply on their utilization of any medical service in

the same index year as the case. For controls, we assigned their first utilization of medical ser-

vices in the index year as the index date.

Exposure assessment

This study explored exposure to hepatitis C infection as the risk factor for subsequent AD

among bipolar disease patients. Hepatitis C exposure was identified by the presence of the rele-

vant diagnosis code prior to the index date (ICD-9-CM code 070.41, 070.44, 070.51, 070.54,

070.0, 070.70, 070.71, or V02.62).

Statistical analysis

The SAS statistical package (SAS System for Windows, Version 8.2) was used for analyses. We

used Chi-square tests to explore differences between BD patients with and without AD on

demographic characteristics and comorbid medical conditions, including hypertension, diabe-

tes and hyperlipidemia. Conditional logistic regression analysis (conditioned on sex, age group

and index year) was performed to compute the adjusted odds of a prior Hepatitis C diagnosis

(AOR, 95% confidence interval (CI)) among AD patients relative to patients without AD. A

significance level of p<0.05 was used.

Results

Table 1 presents the distribution of cases and controls by socio-economic characteristics and

co-morbidities. Cases and controls were similar on monthly income (p = 0.652), geographic

region of residence (p = 0.350), urbanization level (p = 0.399), hypertension (p = 0.116), diabe-

tes (p = 0.488) and hyperlipidemia (p = 0.528).
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PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 3 / 10

https://doi.org/10.1371/journal.pone.0179312


Table 2 shows the prevalence of hepatitis C predating the index year among cases and con-

trols. We found that among the total sample 83 out of 438 (18.95%) had been diagnosed with

hepatitis C prior to the index date; 23 (31.51%) among cases and 60 (16.44%) among controls,

a statistically significant difference (p<0.001). Conditional logistic regression analysis (condi-

tioned on sex, age group, and index year), also presented in Table 2, shows that the odds of

prior hepatitis C for cases was 2.33 (95% CI: 1.33–4.10) relative to controls.

Table 1. Demographic characteristics of bipolar disease (BD) patients with and without Alzhiemer’s Disease (AD) in Taiwan (n = 438).

Variable Patients with AD (n = 73) Controls (n = 365) p value

Total no. % Total no. %

Age (years) 1.000

45~54 1 1.4 5 1.4

55~64 14 19.2 70 19.2

65~74 31 42.5 155 42.5

�75 27 37.0 135 37.0

Sex 1.000

Female 47 64.4 235 64.4

Male 26 35.6 130 35.6

Monthly Income 0.652

�NT$15,840 48 65.8 219 60.0

NT$15,841~25,000 20 27.4 118 32.3

�NT$25,001 5 6.9 28 7.7

Geographic region

Northern 28 38.4 182 49.9 0.350

Central 20 27.4 78 21.4

Southern 21 28.8 88 24.1

Eastern 4 5.5 17 4.7

Urbanization level 0.399

1 (most urbanized) 22 30.1 108 29.6

2 21 28.8 123 33.7

3 13 17.8 37 10.1

4 10 13.7 51 14.0

5 (least urbanized) 7 9.6 46 12.6

Comorbidities

Hypertension 38 52.1 226 61.9 0.116

Diabetes 25 34.3 110 30.1 0.488

Hyperlipidemia 17 23.3 98 26.9 0.528

Note: The average exchange rate in 2012 was US$1�New Taiwan (NT)$30.

https://doi.org/10.1371/journal.pone.0179312.t001

Table 2. Prevalence, conditional regression odds ratios (ORs), and 95% confidence intervals (CIs) for hepatitis C among sampled subjects.

Presence of Hepatitis C Total (n = 438) Patients with AD (n = 73) Controls (n = 365)

n, % n, % n, %

Yes 83 18.95 23 31.51 60 16.44

No 355 81.05 50 68.49 305 83.56

Conditional logistic regression OR (95% CI) — 2.33** (1.33~4.10) 1.00

Notes: The OR was calculated by a conditional logistic regression stratified by sex, age group, and index year.

**p<0.01

https://doi.org/10.1371/journal.pone.0179312.t002

Alzhemier’s disease was associated with hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 4 / 10

https://doi.org/10.1371/journal.pone.0179312.t001
https://doi.org/10.1371/journal.pone.0179312.t002
https://doi.org/10.1371/journal.pone.0179312


Table 3 shows the adjusted odds of prior hepatitis C adjusted for monthly income, geo-

graphic region of residence, urbanization level, hypertension, diabetes and hyperlipidemia.

The AOR of prior hepatitis C among cases was 2.31 (95% CI = 1.28–4.16) relative to controls.

Discussion

This is the first epidemiological study in the medical literature to assess the association

between prior HCV infection and AD within a population sub-group at high risk for both con-

ditions, bipolar disease patients. In this matched case-control study, we found that 31.5% and

16.4% of AD patients and patients free from AD, respectively, had prior HCV infection. Com-

pared to BD patients without AD, BD patients with AD had a 2.3-fold increased risk of having

prior HCV infections, adjusted for the demographic factors of sex, age group, index year,

socio-economic factors of income, urbanization, and geographic location, and comorbidities

(hypertension, diabetes, and hyperlipidemia).

Our finding of an epidemiological association link between prior HCV infection and AD

among bipolar disease patients is consistent with previous reports of a link between HCV

infection and neuro-cognitive impairment in the general population. A significant body of lit-

erature has documented such evidence even among HCV-infected patients with minimal or

no evidence of liver disease [15, 16, 19]. Because we excluded patients with advanced liver

fibrosis or cirrhosis, impaired cognition cannot be attributed to potentially co-existing mild

hepatic encephalopathy. In addition, studies have shown that the association between HCV

infection and cognitive impairment is independent of symptom severity, history of substance

Table 3. Covariate-adjusted odds of prior HCV infection among patients with Alzheimer’s Disease rel-

ative to those without Alzheimer’s Disease among patients with bipolar disorder (n = 438).

Variables Presence of AD

Adjusted OR 95% CI

Prior presence of Hepatitis C 2.31** 1.28–4.16

Monthly income

�NT$15,840 (reference group) 1.00

NT$15,841–25,000 0.75 0.40–1.41

�NT$25,001 0.90 0.31–2.66

Urbanization level

1 (reference group) 1.00

2 0.75 0.38–1.50

3 1.40 0.60–3.26

4 0.72 0.27–1.92

5 0.51 0.18–1.45

Geographic region

Northern (reference group) 1.00

Central 1.89 0.92–3.88

Southern 1.59 0.82–3.08

Eastern 1.73 0.48–6.23

Comorbidities

Hypertension 0.61 0.35–1.05

Diabetes 1.28 0.70–2.34

Hyperlipidemia 0.81 0.42–1.58

Note

**p<0.01

https://doi.org/10.1371/journal.pone.0179312.t003
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abuse, and other neuropsychiatric manifestations, as well as other indices of liver function

(e.g., laboratory values of liver function tests, viral load, and genotype) [19]. On the other

hand, continuing decline in cognitive function is its chief clinical hallmark of AD [20], the

most common type of dementia. In one population-based cohort study, HCV infection was

identified as an independent risk factor for AD, regardless of the presence of other medical

conditions [17]. It is plausible that this link may be particularly salient for patients with BD, a

high-risk population for both HCV infection [5, 7, 10] and dementia, especially AD [21–26].

This study is the first to identify among the BD population, more than double the odds of

prior HCV infections among patients with AD compared to unaffected controls,. The observed

strength of association in the bipolar disease population is greater than the documented associ-

ation among the general population (adjusted hazard ratio of 1.38) [17].

Thus far, there is no literature suggesting the underlying mechanisms that may explain the

association between HCV infection and cognitive impairment, especially AD. Yet, such a link

remains biologically plausible. HCV infection itself may directly affect the central nervous sys-

tem (CNS) and cause brain dysfunction. Studies indicate that HCV in the CNS elicits neuroin-

flammation, with specific cytokines shown to change neuroendocrine and neurochemical

pathways that are associated with cognitive function [27]. Patients with HCV infection are also

found to have abnormal cerebral glucose metabolism and neurotransmission, another mecha-

nism to explain the functional deficits [28, 29]. HCV is also hypothesized to cross the blood-

brain barrier and infect the CNS, or indirectly attack the CNS by infecting macrophages and

replicating in brain tissue, leading to cognitive abnormalities [30, 31]. In addition to direct

CNS impacts, HCV infection is often accompanied by advanced liver disease, illicit drug injec-

tion, and other factors (e.g., treatment-related side effects) that may adversely impact cognitive

functioning [31]. Additionally, among patients with BD, the experience of manic and/or hypo-

manic episodes may have neurobiologic underpinnings that may uniquely add to the risk of

dementia. Patients with BD are also documented to have displayed higher rates of medical

comorbidity (obesity, diabetes), unhealthy behaviors (poor diet, less exercise, smoking), and

substance use [32, 33]. These factors may contribute to lower brain and cognitive reserves that

typically help coping with the onslaught of dementia, which may translate into elevated risk of

clinical dementia. Finally, intrinsic factors associated with BD, particularly genetic susceptibil-

ity, may render patients more vulnerable to progressive brain changes and cognitive deficits,

exacerbating the link between HCV infection and AD [34].

The magnitude of increased risk of HCV infection among patients with BD is noteworthy.

In our study, 16.4% of controls (BD patients without AD diagnosis) had a prior diagnosis of

HCV infection, while the HCV infection rate in the general population is estimated as 1.8%

[11]. The rate is consistent with previous studies showing that psychiatric populations have a

higher risk of acquiring HCV in both developing and developed countries, with prevalence

rates in a systematic review of the literature ranging from 0.4% to 38% [35]. The prevalence of

HCV infection specifically among patients with BD was far in excess of the general population,

5 to 13-fold higher than the general population [5, 9–11, 36, 37]. The higher HCV risk may

reflect the effect of higher likelihood of poverty, risky social environment, high-risk behaviors,

and overall poor health and medical care among patients with BD [5–7]. Physicians and care-

givers of BD patients should be alert to the unusually high risk for sever liver diseases and asso-

ciated comorbidities among patients with BD, due to HCV infection.

Our study also highlights the importance of appropriate surveillance for, and early recogni-

tion of AD among the elevated-risk population of BD combined with HCV infection. AD is

characterized by progressive cognitive impairment that impedes independent functioning,

and ultimately requires long-term care. Recognizing AD symptoms early is thus critical to

enable administration of medications to manage symptoms and delay deterioration, which is
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most effective in the early stages of AD. Our study finding of considerably high risk of AD

among BD patients who were also chronic carriers of HCV supports alerting psychiatrists

and gastroenterologists and family care-givers to identify early AD symptoms among these

patients. Furthermore, despite the higher risk of patients with BD for HCV infection, there is a

lack of awareness about HCV among providers due to fragmentation of care and the disadvan-

tages faced by patients with severe mental illness [5]. Because HCV treatment has markedly

improved over the past decade [38], measures such as screening and testing for HCV antibod-

ies, risk reduction, and referral to medical treatment of HCV infection among patients with

BD should become routine practice to optimize their health outcomes.

Our study makes a new contribution by identifying a higher risk of AD among BD patients

with prior HCV infection. Being a population-based epidemiological study, selection bias and

non-response bias are minimized. The availability of longitudinal data to track prior medical

history and use of medical services by the sample patients is an additional strength of the

study.

Despite these strengths, the current findings should be interpreted in light of certain limita-

tions. First, the NHI database includes only patients who sought treatment for and got diag-

nosed with BD, AD, and HCV infection. Individuals with serious mental illness such as BD

may experience significant barriers to receipt of non-psychiatric medical care. They are less

likely than persons without mental disorders to use various general medical services [39–41].

The majority of patients with severe mental illness may be unware of their HCV infection

despite developing cirrhotic liver disease or asymptomatic hepatocellular carcinoma [5].

Therefore prior HCV infection in our study may thus be underdiagnosed, with the potential

for differential rates of under-diagnosis among patients with and without AD. Non-differential

misclassification of exposures would however, bias our results towards the null. Second, diag-

nosing AD is challenging due to the lack of objective biomarkers, and a confirmed diagnosis

can only be made at autopsy. In our study, a diagnosis of AD was identified from the adminis-

trative database through ICD-9-CM codes reported by a psychiatrist. Finally, the claims data-

base lacks data on alcohol consumption, smoking, family history, and laboratory test findings,

which may confound our findings. It is reported that the HCV genotypes 1b and 2a are the

most prevalent in Taiwan [42]. There was no information on HCV genotypes available in our

study, which impedes identification of the genotype that may be linked to AD incidence. How-

ever, cognitive impairment is thought to affect persons with both HCV genotypes [43].

The study strengthens the case for future studies to uncover the underlying pathophysiolog-

ical mechanisms, as well as the role of BD. Studies on the effects of appropriately treating HCV

infection among BD patients on AD development and on cognitive may enable strategies for

prevention and intervention programs among high-risk psychiatric populations.

Author Contributions

Conceptualization: H. Lin H. Lee CHC.

Data curation: H. Lin.

Formal analysis: H. Lin CCH.

Methodology: H. Lin H. Lee CHC SX.

Supervision: CHC.

Validation: H. Lin SX.

Writing – original draft: H. Lin CCH H. Lee SX CHC.

Alzhemier’s disease was associated with hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 7 / 10

https://doi.org/10.1371/journal.pone.0179312


Writing – review & editing: H. Lin CCH H. Lee SX CHC.

References
1. Clemente AS, Diniz BS, Nicolato R, Kapczinski FP, Soares JC, Firmo JO, et al. Bipolar disorder preva-

lence: a systematic review and meta-analysis of the literature. Rev Bras Psiquiatr. 2015; 37:155–161.

https://doi.org/10.1590/1516-4446-2012-1693 PMID: 25946396

2. Mora E, Portella MJ, Forcada I, Vieta E, Mur M. Persistence of cognitive impairment and its negative

impact on psychosocial functioning in lithium-treated, euthymic bipolar patients: a 6-year follow-up

study. Psychol Med. 2013; 43:1187–1196. https://doi.org/10.1017/S0033291712001948 PMID:

22935452

3. Robinson LJ, Ferrier IN. Evolution of cognitive impairment in bipolar disorder: a systematic review of

cross-sectional evidence. Bipolar Disord. 2006; 8:103–116. https://doi.org/10.1111/j.1399-5618.2006.

00277.x PMID: 16542180

4. Diniz BS, Teixeira AL, Cao F, Gildengers A, Soares JC, Butters MA, et al. History of Bipolar Disorder

and the Risk of Dementia: A Systematic Review and Meta-Analysis. Am J Geriatr Psychiatry. 2017 (in

press).

5. Rosenberg SD, Goodman LA, Osher FC, Swartz MS, Essock SM, Butterfield MI, et al. Prevalence of

HIV, hepatitis B, and hepatitis C in people with severe mental illness. Am J Public Health. 2001; 91:31–

37. PMID: 11189820

6. Carey MP, Carey KB, Kalichman SC. Risk for human immunodeficiency virus (HIV) infection among

persons with severe mental illnesses. Clin Psychol Rev. 1997; 17:271–291. PMID: 9160177

7. Carmo RA, Campos LN, Melo AP, Guimaraes MD. Hepatitis C among patients with mental illness in

Brazil: an analysis of associated factors. Gen Hosp Psychiatry. 2013; 35:129–133. https://doi.org/10.

1016/j.genhosppsych.2012.11.005 PMID: 23260338

8. Hepatitis C. Fact sheet N 164 July 2015. Available from: http://www.who.int/mediacentre/factsheets/

fs164_apr2014/en/

9. Rifai MA. Hepatitis C treatment of patients with bipolar disorder: a case series. Prim Care Companion J

Clin Psychiatry. 2006; 8:361–366. PMID: 17245458

10. Himelhoch S, McCarthy JF, Ganoczy D, Medoff D, Kilbourne A, Goldberg R, et al. Understanding asso-

ciations between serious mental illness and hepatitis C virus among veterans: a national multivariate

analysis. Psychosomatics. 2009; 50:30–37. https://doi.org/10.1176/appi.psy.50.1.30 PMID: 19213970

11. Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM, Gao F, Moyer LA, et al. The prevalence of hep-

atitis C virus infection in the United States, 1988 through 1994. N Engl J Med. 1999; 341:556–562.

https://doi.org/10.1056/NEJM199908193410802 PMID: 10451460

12. Hilsabeck RC, Perry W, Hassanein TI. Neuropsychological impairment in patients with chronic hepatitis

C. Hepatology. 2002; 35:440–446. https://doi.org/10.1053/jhep.2002.31257 PMID: 11826421

13. Lee MH, Yang HI, Lu SN, Jen CL, You SL, Wang LY, et al. Chronic hepatitis C virus infection increases

mortality from hepatic and extrahepatic diseases: a community-based long-term prospective study. J

Infect Dis. 2012; 206:469–477. https://doi.org/10.1093/infdis/jis385 PMID: 22811301

14. Wang CS, Wang ST, Yao WJ, Chang TT, Chou P. Hepatitis C virus infection and the development of

type 2 diabetes in a community-based longitudinal study. Am J Epidemiol. 2007; 166:196–203. https://

doi.org/10.1093/aje/kwm061 PMID: 17496314

15. Forton DM, Thomas HC, Murphy CA, Allsop JM, Foster GR, Main J, et al. Hepatitis C and cognitive

impairment in a cohort of patients with mild liver disease. Hepatology. 2002; 35:433–439. https://doi.

org/10.1053/jhep.2002.30688 PMID: 11826420

16. Weissenborn K, Krause J, Bokemeyer M, Hecker H, Schuler A, Ennen JC, et al. Hepatitis C virus infec-

tion affects the brain-evidence from psychometric studies and magnetic resonance spectroscopy. J

Hepatol. 2004; 41:845–851. https://doi.org/10.1016/j.jhep.2004.07.022 PMID: 15519659

17. Chiu WC, Tsan YT, Tsai SL, Chang CJ, Wang JD, Chen PC, et al. Hepatitis C viral infection and the risk

of dementia. Eur J Neurol. 2014; 21:1068–e1059. https://doi.org/10.1111/ene.12317 PMID: 24313931

18. Chen YC, Yeh HY, Wu JC, Haschler I, Chen TJ, Wetter T. Taiwan’s National Health Insurance

Research Database: administrative health care database as study object in bibliometrics. Sciento-

metrics. 2011; 86:365–380.

19. Perry W, Hilsabeck RC, Hassanein TI. Cognitive dysfunction in chronic hepatitis C: a review. Dig Dis

Sci. 2008; 53:307–321. https://doi.org/10.1007/s10620-007-9896-z PMID: 17703362

20. Albert MS: Changes in cognition. Neurobiol Aging. 2011; 32:S58–63. https://doi.org/10.1016/j.

neurobiolaging.2011.09.010 PMID: 22078174

Alzhemier’s disease was associated with hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 8 / 10

https://doi.org/10.1590/1516-4446-2012-1693
http://www.ncbi.nlm.nih.gov/pubmed/25946396
https://doi.org/10.1017/S0033291712001948
http://www.ncbi.nlm.nih.gov/pubmed/22935452
https://doi.org/10.1111/j.1399-5618.2006.00277.x
https://doi.org/10.1111/j.1399-5618.2006.00277.x
http://www.ncbi.nlm.nih.gov/pubmed/16542180
http://www.ncbi.nlm.nih.gov/pubmed/11189820
http://www.ncbi.nlm.nih.gov/pubmed/9160177
https://doi.org/10.1016/j.genhosppsych.2012.11.005
https://doi.org/10.1016/j.genhosppsych.2012.11.005
http://www.ncbi.nlm.nih.gov/pubmed/23260338
http://www.who.int/mediacentre/factsheets/fs164_apr2014/en/
http://www.who.int/mediacentre/factsheets/fs164_apr2014/en/
http://www.ncbi.nlm.nih.gov/pubmed/17245458
https://doi.org/10.1176/appi.psy.50.1.30
http://www.ncbi.nlm.nih.gov/pubmed/19213970
https://doi.org/10.1056/NEJM199908193410802
http://www.ncbi.nlm.nih.gov/pubmed/10451460
https://doi.org/10.1053/jhep.2002.31257
http://www.ncbi.nlm.nih.gov/pubmed/11826421
https://doi.org/10.1093/infdis/jis385
http://www.ncbi.nlm.nih.gov/pubmed/22811301
https://doi.org/10.1093/aje/kwm061
https://doi.org/10.1093/aje/kwm061
http://www.ncbi.nlm.nih.gov/pubmed/17496314
https://doi.org/10.1053/jhep.2002.30688
https://doi.org/10.1053/jhep.2002.30688
http://www.ncbi.nlm.nih.gov/pubmed/11826420
https://doi.org/10.1016/j.jhep.2004.07.022
http://www.ncbi.nlm.nih.gov/pubmed/15519659
https://doi.org/10.1111/ene.12317
http://www.ncbi.nlm.nih.gov/pubmed/24313931
https://doi.org/10.1007/s10620-007-9896-z
http://www.ncbi.nlm.nih.gov/pubmed/17703362
https://doi.org/10.1016/j.neurobiolaging.2011.09.010
https://doi.org/10.1016/j.neurobiolaging.2011.09.010
http://www.ncbi.nlm.nih.gov/pubmed/22078174
https://doi.org/10.1371/journal.pone.0179312


21. Almeida OP, McCaul K, Hankey GJ, Yeap BB, Golledge J, Flicker L. Risk of dementia and death in com-

munity-dwelling older men with bipolar disorder. Br J Psychiatry. 2016; 209:121–126. https://doi.org/10.

1192/bjp.bp.115.180059 PMID: 27482038

22. Aprahamian I, Radanovic M, Nunes PV, Ladeira RB, Forlenza OV. The use of the Clock Drawing Test

in bipolar disorder with or without dementia of Alzheimer’s type. Arq Neuropsiquiatr. 2014; 72:913–918.

https://doi.org/10.1590/0004-282X20140153 PMID: 25465779

23. Chen MH, Li CT, Tsai CF, Lin WC, Chang WH, Chen TJ, et al. Risk of subsequent dementia among

patients with bipolar disorder or major depression: a nationwide longitudinal study in Taiwan. J Am Med

Dir Assoc. 2015; 16:504–508. https://doi.org/10.1016/j.jamda.2015.01.084 PMID: 25737262

24. Kessing LV, Nilsson FM. Increased risk of developing dementia in patients with major affective disor-

ders compared to patients with other medical illnesses. J Affect Disord. 2003; 73:261–269. PMID:

12547295

25. Preuss UW, Watzke S, Choi JH. Diagnostic correlates of Alzheimer dementia in a U.S. Nationwide inpa-

tient sample. Am J Geriatr Psychiatry. 2010; 18:821–829. https://doi.org/10.1097/JGP.

0b013e3181ca3a13 PMID: 20220586

26. Zilkens RR, Bruce DG, Duke J, Spilsbury K, Semmens JB. Severe psychiatric disorders in mid-life and

risk of dementia in late- life (age 65–84 years): a population based case-control study. Curr Alzheimer

Res. 2014; 11:681–693. https://doi.org/10.2174/1567205011666140812115004 PMID: 25115541

27. Kronfol Z, Remick DG. Cytokines and the brain: implications for clinical psychiatry. Am J Psychiatry.

2000; 157:683–694. https://doi.org/10.1176/appi.ajp.157.5.683 PMID: 10784457

28. Heeren M, Weissenborn K, Arvanitis D, Bokemeyer M, Goldbecker A, Tountopoulou A, et al. Cerebral

glucose utilisation in hepatitis C virus infection-associated encephalopathy. J Cereb Blood Flow Metab.

2011; 31:2199–2208. https://doi.org/10.1038/jcbfm.2011.82 PMID: 21629258

29. Weissenborn K, Ennen JC, Bokemeyer M, Ahl B, Wurster U, Tillmann H, et al. Monoaminergic neuro-

transmission is altered in hepatitis C virus infected patients with chronic fatigue and cognitive

impairment. Gut. 2006; 55:1624–1630. https://doi.org/10.1136/gut.2005.080267 PMID: 16682431

30. Forton DM, Karayiannis P, Mahmud N, Taylor-Robinson SD, Thomas HC. Identification of unique hepa-

titis C virus quasispecies in the central nervous system and comparative analysis of internal transla-

tional efficiency of brain, liver, and serum variants. J Virol. 2004; 78:5170–5183. https://doi.org/10.1128/

JVI.78.10.5170-5183.2004 PMID: 15113899

31. Negro F, Forton D, Craxi A, Sulkowski MS, Feld JJ, Manns MP. Extrahepatic morbidity and mortality of

chronic hepatitis C. Gastroenterology. 2015; 149:1345–1360. https://doi.org/10.1053/j.gastro.2015.08.

035 PMID: 26319013

32. Hunt GE, Malhi GS, Cleary M, Lai HM, Sitharthan T. Comorbidity of bipolar and substance use disor-

ders in national surveys of general populations, 1990–2015: Systematic review and meta-analysis. J

Affect Disord. 2016; 206:321–330. https://doi.org/10.1016/j.jad.2016.06.051 PMID: 27426694

33. Rise IV, Haro JM, Gjervan B. Clinical features, comorbidity, and cognitive impairment in elderly bipolar

patients. Neuropsychiatr Dis Treat. 2016; 12:1203–1213. https://doi.org/10.2147/NDT.S100843 PMID:

27274256

34. Sullivan PF, Daly MJ, O’Donovan M. Genetic architectures of psychiatric disorders: the emerging pic-

ture and its implications. Nat Rev Genet. 2012; 13:537–551. https://doi.org/10.1038/nrg3240 PMID:

22777127

35. Campos LN, Guimaraes MD, Carmo RA, Melo AP, Oliveira HN, Elkington K, et al. HIV, syphilis, and

hepatitis B and C prevalence among patients with mental illness: a review of the literature. Cad Saude

Publica. 2008; 24:s607–620. PMID: 18797734

36. Dinwiddie SH, Shicker L, Newman T. Prevalence of hepatitis C among psychiatric patients in the public

sector. Am J Psychiatry. 2003; 160:172–174. https://doi.org/10.1176/appi.ajp.160.1.172 PMID:

12505819

37. Pirl WF, Greer JA, Weissgarber C, Liverant G, Safren SA. Screening for infectious diseases among

patients in a state psychiatric hospital. Psychiatr Serv. 2005; 56:1614–1616. https://doi.org/10.1176/

appi.ps.56.12.1614 PMID: 16339630

38. Manns MP, Wedemeyer H, Cornberg M. Treating viral hepatitis C: efficacy, side effects, and complica-

tions. Gut. 2006; 55:1350–1359. https://doi.org/10.1136/gut.2005.076646 PMID: 16905701

39. Druss BG, Bradford DW, Rosenheck RA, Radford MJ, Krumholz HM. Mental disorders and use of car-

diovascular procedures after myocardial infarction. JAMA. 2000; 283:506–511. PMID: 10659877

40. Mojtabai R, Cullen B, Everett A, Nugent KL, Sawa A, Sharifi V, et al. Reasons for not seeking general

medical care among individuals with serious mental illness. Psychiatr Serv. 2014; 65:818–821. https://

doi.org/10.1176/appi.ps.201300348 PMID: 24733659

Alzhemier’s disease was associated with hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 9 / 10

https://doi.org/10.1192/bjp.bp.115.180059
https://doi.org/10.1192/bjp.bp.115.180059
http://www.ncbi.nlm.nih.gov/pubmed/27482038
https://doi.org/10.1590/0004-282X20140153
http://www.ncbi.nlm.nih.gov/pubmed/25465779
https://doi.org/10.1016/j.jamda.2015.01.084
http://www.ncbi.nlm.nih.gov/pubmed/25737262
http://www.ncbi.nlm.nih.gov/pubmed/12547295
https://doi.org/10.1097/JGP.0b013e3181ca3a13
https://doi.org/10.1097/JGP.0b013e3181ca3a13
http://www.ncbi.nlm.nih.gov/pubmed/20220586
https://doi.org/10.2174/1567205011666140812115004
http://www.ncbi.nlm.nih.gov/pubmed/25115541
https://doi.org/10.1176/appi.ajp.157.5.683
http://www.ncbi.nlm.nih.gov/pubmed/10784457
https://doi.org/10.1038/jcbfm.2011.82
http://www.ncbi.nlm.nih.gov/pubmed/21629258
https://doi.org/10.1136/gut.2005.080267
http://www.ncbi.nlm.nih.gov/pubmed/16682431
https://doi.org/10.1128/JVI.78.10.5170-5183.2004
https://doi.org/10.1128/JVI.78.10.5170-5183.2004
http://www.ncbi.nlm.nih.gov/pubmed/15113899
https://doi.org/10.1053/j.gastro.2015.08.035
https://doi.org/10.1053/j.gastro.2015.08.035
http://www.ncbi.nlm.nih.gov/pubmed/26319013
https://doi.org/10.1016/j.jad.2016.06.051
http://www.ncbi.nlm.nih.gov/pubmed/27426694
https://doi.org/10.2147/NDT.S100843
http://www.ncbi.nlm.nih.gov/pubmed/27274256
https://doi.org/10.1038/nrg3240
http://www.ncbi.nlm.nih.gov/pubmed/22777127
http://www.ncbi.nlm.nih.gov/pubmed/18797734
https://doi.org/10.1176/appi.ajp.160.1.172
http://www.ncbi.nlm.nih.gov/pubmed/12505819
https://doi.org/10.1176/appi.ps.56.12.1614
https://doi.org/10.1176/appi.ps.56.12.1614
http://www.ncbi.nlm.nih.gov/pubmed/16339630
https://doi.org/10.1136/gut.2005.076646
http://www.ncbi.nlm.nih.gov/pubmed/16905701
http://www.ncbi.nlm.nih.gov/pubmed/10659877
https://doi.org/10.1176/appi.ps.201300348
https://doi.org/10.1176/appi.ps.201300348
http://www.ncbi.nlm.nih.gov/pubmed/24733659
https://doi.org/10.1371/journal.pone.0179312


41. Druss BG, Rosenheck RA. Mental disorders and access to medical care in the United States. Am J Psy-

chiatry. 1998; 155:1775–1777. https://doi.org/10.1176/ajp.155.12.1775 PMID: 9842793

42. Lee MH, Yang HI, Lu SN, Jen CL, You SL, Wang LY, et al. Hepatitis C virus genotype 1b increases

cumulative lifetime risk of hepatocellular carcinoma. Int J Cancer. 2014; 135:1119–1126. https://doi.org/

10.1002/ijc.28753 PMID: 24482200

43. Monaco S, Mariotto S, Ferrari S, Calabrese M, Zanusso G, Gajofatto A, et al. Hepatitis C virus-associ-

ated neurocognitive and neuropsychiatric disorders: Advances in 2015. World J Gastroenterol. 2015;

21:11974–11983. https://doi.org/10.3748/wjg.v21.i42.11974 PMID: 26576086

Alzhemier’s disease was associated with hepatitis C

PLOS ONE | https://doi.org/10.1371/journal.pone.0179312 June 16, 2017 10 / 10

https://doi.org/10.1176/ajp.155.12.1775
http://www.ncbi.nlm.nih.gov/pubmed/9842793
https://doi.org/10.1002/ijc.28753
https://doi.org/10.1002/ijc.28753
http://www.ncbi.nlm.nih.gov/pubmed/24482200
https://doi.org/10.3748/wjg.v21.i42.11974
http://www.ncbi.nlm.nih.gov/pubmed/26576086
https://doi.org/10.1371/journal.pone.0179312

