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Introduction
Potent Antiretroviral Therapy (ART) has transformed HIV 

infection into a manageable chronic disease. However, ART use is not 
without potential adverse effects and has been associated with a variety 
of dysmetabolic syndromes, including hyperlipidemia, hyperglycemia, 
hepatitis, and coronary artery disease [1]. There is also conflicting 
evidence that ART may exacerbate existing mental health disorders 
(MHD) [2-5].

Rates of MHD among HIV infected persons have been found to be 
highly variable, ranging from 9.4% to 37% and are two to three times 
higher than the rates observed in comparable HIV negative populations 
[6-10]. Incidence estimates may in fact be underestimates due to 
ascertainment bias as Asch et al. report that 45% of HIV infected persons 
with major depression are undiagnosed [11]. In general, the presence 
of concomitant MHD has been associated with increased morbidity 
and mortality [12-14]. Investigators have studied the effects of ART on 
depressive symptoms, however, the results have been heterogeneous 
and these studies have tended to include a patient population who were 
also injection drugs users (IDU), an independent risk factor for MHD 
and a potentially significant confounder [15,16]. 

The US military follows a cohort of HIV infected Department of 
Defense beneficiaries. Due to mandatory drug screening policies, IDU 
in this cohort is negligible [17]. Additionally, members of this cohort 
enjoy equal and open access to medical care and medications without 

copayments; therefore, access to care confounders are likely eliminated 
in the study of this cohort. To our knowledge, no study has evaluated 
the incidence of MHD in such a unique cohort and we were specifically 
interested in examining whether members of this cohort who are 
treated with ART suffer with MHD at a higher rate than those who are 
not treated with ART.

Materials and Methods
Patient population

HIV infected persons in the US Navy are evaluated semi-annually at 
one of three military treatment facilities, namely Walter Reed National 
Military Medical Center (WRNMMC), Bethesda, MD, Naval Medical 
Center San Diego, CA, or Naval Medical Center Portsmouth, VA. All 
US Navy beneficiaries enjoy equal and open access to medication and 

Abstract

Objective(s): To define the incidence of mental health disorders (MHD) and risk factors associated with incident 
MHD in an HIV clinic setting with unrestricted access to care and limited confounding due to concomitant injection 
drug use (IDU).

Design: Retrospective cohort study.

Methods: Eligible subjects were HIV positive adults followed at a US military treatment facility during the 
calendar year 2005. Incidence rates are calculated per 100 person years (py). Cox proportional hazards regression 
were utilized to identify risk factors associated with MHD. All persons not experiencing MHD were followed until study 
completion in January 2008.

Results: 494 subjects (51% Black, 93% male, median CD4 count 458) were followed for 5200 py. 160 subjects 
developed MHD for an overall incidence of 3.1/100 py of follow up. The incidence of depression and anxiety were 
2.4/100 py and 0.4/100 py, respectively. Factors associated with a diagnosis of incident MHD include receipt of a 
protease inhibitor (PI) based regimen (HR 2.0), non-Black ethnicity, and HIV diagnosis in the post HAART era; male 
gender was protective.

Conclusion: In a cohort with limited confounding, incident MHD was common. Unlike prior studies, non-
nucleoside reverse transcriptase inhibitor (NNRTI) use and MHD association was not observed; instead PI use 
was associated with MHD, perhaps due to PI enhanced mitochondrial toxicity, signaling need for further research. 
Given the significant burden of MHD observed in this cohort, mental health screening should be considered in the 
management of HIV infection.
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care. A retrospective review of medical records of HIV infected persons 
followed at WRNMMC during the calendar year 2005 was performed. 
Subjects were eligible for study if they were HIV infected for two or 
more years and older than 18 years of age. In order to minimize 
selection bias, medical records of all patients who reported for HIV 
clinical or research visits over a 12-month period, between January and 
December 2005, were reviewed.

Data collected

After appropriate training, two physicians reviewed outpatient paper 
and electronic medical records using a predefined data collection sheet. 
Demographic data collected included: age at HIV diagnosis, gender, 
race, and military rank. HIV specific data collected: date of positive 
HIV antibody test and all antiretroviral prescription history including 
specific drugs and start/stop dates of each. HIV diagnosis was divided 
into pre HAART (prior to 1996), early post HAART (1996-2000), and 
late post HAART (after 2000) era. MHD data collected: MHD and date 
of diagnosis. MHD was defined as any axis I diagnosis as delineated by 
DSM-IV. Diagnosis made by any physician and recorded in the medical 
record was accepted; however, DMS-IV criteria were not requisites in 
recording a MHD.  Antidepressant/anxiolytic prescriptions or referrals 
for mental health evaluation were not classified as an MHD if a 
corresponding MHD diagnosis was not recorded in the medical record.

Outcomes

The primary objective of the study was to describe the incidence 
of MHD among non-IDU, HIV infected persons on and off of ART. 
Secondary objectives were to examine whether or not HIV infected 
persons treated with ART suffer with MHD at a higher rate than those 
who are not treated with ART and whether any particular antiretroviral 
regimen was associated with MHD.

Statistics

Descriptive statistics were used to describe the population under 
study.  Proportions were compared using chi-square tests or Fisher’s 
exact tests as appropriate. Incidence rates were calculated per 100 
person years of follow up (py), with exact Poisson 95% confidence 
intervals (CI). Follow up time was calculated from the time of HIV 
diagnosis to the time of censoring, defined as the time of an incident 
MHD or at last follow up prior to January 1st 2008. Cox proportional 
hazards methods were used to model associations between factors and 
incident MHD. Covariates evaluated included age at diagnosis, gender 
race/ethnicity, military rank, CD4 count at censor, viral load at censor, 
ARV use at censor, and period of HIV diagnosis (on or before 1996, 
between 1996-2000, after 2000).

A multivariable model was developed to evaluate the association 
between the number of MHD events and important covariates using 
a backward elimination approach. Variables with a univariate p < 
0.20 were initially added to the model and removed iteratively until 
all variables were significant at a two-sided alpha = 0.15. Significance 
for the multivariate models was defined at alpha < 0.05. All p values 
are 2-sided. Hazard ratios (HRs) and rates are presented with 95% 
confidence intervals (95% CIs).  All analyses were conducted using 
Stata software, version 11 (Statacorp, College Station, TX). 

Results
Four-hundred ninety-four (83%) of 593 screened subjects met 

inclusion criteria and were followed for 5200 person years. Excluded 
subjects included 86 who had missing records, 3 were <18 years of age, 6 
were HIV-infected for <2 years, and 4 had a preexisting axis I diagnosis. 

Subjects were predominantly enlisted (86%) male and were ethnically 
diverse (Black 51%, Caucasian 40%). At censor, the median CD4 count 
was 458 cells/µL and viral load was 3954 copies/mL (Table 1).

One-hundred sixty subjects developed an axis I diagnosis with 
incidences: pre HAART 2.42/100 py, early post HAART 4.16/100 py, 
and late post HAART 7.16/100 py (3.08/100 py overall). Depression was 
the most common diagnosis, observed in 123 (25%) subjects; incidences 
for depression: pre HAART 1.94/100 py, early post HAART 3.39/100 py, 
and late post HAART 4.77/100 py. Twenty (4%) received a diagnosis of 
anxiety disorder; incidences for anxiety: pre HAART 0.29/100 py, early 
post HAART 0.17/100 py, and late post HAART 1.39/100 py (Table 2).

Of the 160 subjects with an axis I diagnosis, 64 (40%) subjects were 
receiving ART and of the 334 patients without an axis I diagnosis, 81 
(22%) were receiving ART. 

In a multivariate analysis, factors associated with depression 
included Caucasian race (HR 1.7, 95% CI 1.2-2.6), enlisted rank (HR 
2.5, 95% CI 1.1-5.7), and diagnosis of HIV in the post HAART era (early 
HR 2.2, 95% CI 1.3-3.8; late HR 3.9, 95% CI 2.2-7.0); male gender was 
protective (HR 0.28, 95% CI 0.1-0.7), ART use was associated with an 
increased MHD risk (axis I HR 1.9, 95% CI 1.3-2.7; and depression HR 
2.4, 95% CI 1.6-3.4); whereas a diagnosis of anxiety was not associated 
with ART use (Table 2).

With respect to ART, protease inhibitor (PI) therapy (HR 2.4, 95% 
CI 1.5-4.0) increased depression risk more than non-nucleoside reverse 
transcriptase inhibitor (NNRTI) therapy (HR 1.6, NS). Factors associ-
ated with anxiety were Caucasian and Hispanic/Latino race (HR 3.2, 
95% CI 1.1-9.4; HR 5.6, 95% CI 1.1-29.4, respectively) and HIV diag-
nosis during late post HAART era (HR 8.7, 95% CI 1.8-42.0). Gender, 
military rank, and ART were not associated with anxiety (Table 2).

HIV variables
Median CD4 count at censor 458
Median HIV VL at censor 3954
Antiretroviral status n (%)

Receiving ART at censor 145 (29)
Not receiving ART at censor 349 (71)

HIV diagnosis period
Prior to 1996 262 (53)
1996-2000 105 (21)
After 2000 127 (26)

Demographic variables
Gender

Male 460 (93)
Female 34 (7)

Military Rank
Enlisted 423 (86)
Officer 46 (9)
Civilian 25 (5)

Race
Black 253 (51)
Asian 10 (2)
Caucasian 196 (40)
Hispanic/Latino 30 (6)
Other 5 (1)

VL = plasma viral load
ART = antiretroviral therapy
Table 1: HIV-infected cohort characteristics, 2005 – Bethesda, Maryland, N=494. 
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Discussion
In this retrospective analysis of a cohort with unrestricted access 

to care, the incidence of an axis I mental health disorder was high at 
3.1/100 py. However, since prescriptions for antidepressants/anxiolytics 
(25) or referrals to mental health (11) were not classified as MHD if a 
corresponding axis I diagnosis was not recorded, this incidence data 
most likely represents a minimum estimate.

With respect to demographic factors, risk of MHD found in the 
current study is most likely related to willingness of the individual to 
seek care and, therefore, likelihood of a diagnosis being made. Men and 
non-Caucasian persons are less likely to seek care for mood symptoms 
[18,19]. Further, officers may be more concerned about how a MHD 
might limit their career and choose not to seek care for their depression 
or anxiety symptoms. Diagnostic validity may also be a limiting factor, 
especially if examination or interview time to make the diagnosis is 
limited.

With respect to HIV specific factors, findings were somewhat 
unexpected: ART was a risk factor for any MHD and for depression, 
and the use of PI based ART was associated with higher risk of MHD 
compared to NNRTI based therapy; findings that may be explained 
by increasing use of PIs in the US. In 1996, the US ART prescription 
market share was 84% nucleoside reverse transcriptase inhibitor 
(NRTI), 16% PI, and 0.2% NNRTI. By 2000, PI use increased to 57% 
NRTI, 28% PI, and 15% NNRTI; and by 2005, 55% NRTI, 31% PI, 
and 13% NNRTI. Numbers of prescriptions for PIs steadily increased 
over time, generally exceeding those for NNRTIs by a factor of 2-3, 
during the period 1996-2005 [20]. Also since 1996, PIs are combined 
with NRTIs to treat HIV infection. AZT, the first antiretroviral drug 
used to treat HIV infection and the prototypical NRTI, is known to 

cause mitochondrial myopathy when used in high doses [21]. Similarly, 
other NRTIs have been shown to cause mitochondrial toxicity by 
inhibiting DNA polymerase γ (Polγ) which is required for replication 
of mitochondrial DNA (mtDNA). Inhibition of Polγ causes depletion 
of mtDNA and apoptotic cell death [22]. Cellular efflux pumps, MRP4 
and MRP5, are present on the plasma membrane, transport NRTIs out 
of the cell, and are inhibited by PIs, thus increasing intracellular NRTI 
concentration and toxicity [23]. Finally, mitochondrial dysfunction has 
been associated with bipolar disorder, schizophrenia, major depressive 
disorder, and other central nervous system diseases [24-27]. Therefore, 
increasing use of PIs may be responsible for enhanced NRTI toxicity 
and the trends noted in study data.

We acknowledge limitations inherent to a retrospective chart 
review, especially the non-randomized study design. Additionally, the 
heterogeneity of MHD made by different physicians and lack of use of 
strict DSM-IV criteria to arrive at a MHD are limitations. Although 
numbers of subjects developing MHD is small, especially those with 
anxiety, trends demonstrated across the three groups are consistent 
and, therefore, may represent a real effect of ART and deserve further 
exploration.

In conclusion, MHD remains a significant comorbidity among 
HIV infected persons and ART itself appears to increase risk of 
development of MHD. Historically, NNRTIs have been implicated in 
MHD; however, PIs may also negatively impact the mental health of 
HIV infected persons by increasing intracellular NRTI concentrations 
and subsequent mitochondrial damage. Clinicians must be aware of 
the importance of screening for and appropriate treatment of MHD 
in the management of HIV infection. Also, controlled, prospective 
studies examining ART use and MHD are needed and will improve 

Axis I, n=160 (32%) Incidence  (cases/100 
py)

Depression, n=123 (25%) Incidence  
(cases/100 py)

Anxiety, n=20 (4%) Incidence  (cases/100 
py)

pre HAART (n=290) 2.42 1.94 0.29
early post HAART (n=77) 4.16 3.39 0.17
late post HAART (n=127) 7.16 4.77 1.39

HR 95% CI p HR 95% CI p HR 95% CI p
Gender

Male 0.36 (0.16-0.84) 0.018 0.28 (0.11-0.71) 0.007 0.19 (0.02-1.66) 0.135
Female 1 1 1

Military Rank
Civilian 0.99 (0.29-3.32) 0.986 1.01 (0.26-3.94) 0.992 0.73 (0.04-12.82) 0.828
Officer 1 1 1
Enlisted 1.85 (0.93-3.69) 0.082 2.47 (1.07-5.71) 0.034 0.89 (0.24-3.27) 0.857

Race
Black 1 1 1
Asian 1.13 (0.27-4.81) 0.867 1.54 (0.36-6.60) 0.564 -
Caucasian 1.65 (1.15-2.37) 0.006 1.74 (1.18-2.55) 0.005 3.20 (1.09-9.37) 0.034
Hispanic/Latino 2.02 (1.05-3.89) 0.035 1.90 (0.92-3.90) 0.082 5.56 (1.05-29.39) 0.043

Antiretroviral status at censor
None 1 1 1
Yes 1.89 (1.34-2.68) <0.001 2.35 (1.62-3.41) <0.001 1.63 (0.59-4.51) 0.346
NNRTI backbone 1.31 (0.78-2.22) 0.311 1.63 (0.94-2.82) 0.083 0.38 (0.05-3.04) 0.360
PI backbone 1.98 (1.24-3.14) 0.004 2.44 (1.47-4.03) 0.001 2.41 (0.61-9.54) 0.209

HIV diagnosis period
Prior to 1996 1 1 1
1996-2000 2.18 (1.28-3.70) 0.004 2.22 (1.28-3.84) 0.004 0.98 (0.11-8.55) 0.989
After 2000 5.02 (2.95-8.55) <0.001 3.91 (2.18-7.00) <0.001 8.73 (1.81-42.01) 0.007

HAART = highly active antiretroviral therapy; NNRTI = non-nucleoside reverse transcriptase inhibitor; PI = protease inhibitor; py = person•years
Table 2: Risk of Axis I diagnosis in HIV-infected persons, by demographics & HIV factors, 2005 – Bethesda, Maryland.
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management and quality of life of HIV infected persons by definitively 
defining ART risk related to MHD.
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