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SUMMARY
Depression is a common condition among patients with HIV. This paper uses panel data for 1,234
participants from the Women’s Interagency HIV Study (WIHS) to estimate the effect of
antidepressant use on the likelihood of being employed among women receiving highly active
antiretroviral therapy (HAART) in the United States from 1996 to 2004. We show that naïve
regressions of antidepressant use on employment generally result in negative or non-significant
coefficients, whereas the instrumental variables approach shows a positive and significant effect of
antidepressant use on the employment probability of women living with HIV. We use instrumental
variables to predict antidepressant use independently of outcomes; thus, addressing potential biases
(e.g., more depressed women are more likely to receive antidepressant treatment, but they are also
more likely to be unemployed). The results are consistent for linear (random and fixed effects) as
well as non-linear (bivariate probit) specifications. Among women receiving HAART, and
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controlling for individual and local area labor market characteristics, the use of antidepressants is
associated with a 29-percentage-point higher probability of being employed. Improved efforts to test,
diagnose and treat depression among HIV-positive patients may improve not only clinical indicators
but also labor market outcomes.
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INTRODUCTION
Depression treatment has been shown to have an impact on the likelihood of being employed
(Schoenbaum et al., 2002) in the general population. Similarly, highly active antiretroviral
therapy (HAART) has an important clinical effect, as well as an influence in terms of
employment (Goldman and Bao, 2004), among HIV-infected individuals. However, there have
been no studies so far evaluating the impact of antidepressant use on the employment for
persons living with HIV and using HAART. Conducting this evaluation is important because
depression is common, often under diagnosed and under treated in HIV-positive populations
(Ciesla and Roberts, 2001; Asch et al., 2003).

To conduct the evaluation in a hypothetical randomized control trial, we would assign
depressed HIV-positive patients on HAART to two groups: one group treated with
antidepressants and a control group that is not treated with antidepressants. Then, we would
compare their employment outcomes after a suitable period of observation. This, of course,
would be unethical: knowingly denying necessary medical treatment to patients who need it.
The research question then may be best addressed with non-experimental methods, but requires
exercising considerable care, because simply comparing treated versus non-treated patients, in
a setting where they themselves are in part responsible for seeking and complying with
treatment, can result in biased estimates of the treatment effect.

This paper estimates the effect of antidepressant use on the patient’s probability of employment
using panel data from a sample of women living with HIV and who are using HAART. The
analytical approach explicitly takes into account the fact that observable and unobservable
factors may play a role in the relationship of interest. We use measures of the variability in
Medicaid coverage for antidepressants over time and across states as instrumental variables
for the use of antidepressants. This variability is directly related to the patient’s likelihood of
receiving antidepressant treatment.

BACKGROUND
The impact of mental health on labor market outcomes has been documented in the literature.
A study using nationally representative data (Ettner, Frank, and Kessler, 1997) estimated the
effect of several disorders, including major depression, on labor market outcomes. Women
with depression were reported to be about eight percentage points less likely to be employed
(a reduction in the probability of employment from 81.8% with no disorder, to 73.7% in the
presence of major depression). A study at a regional level focusing on a low-income population
(Alexandre and French, 2001) examined the effect of depression on labor market outcomes in
the Miami-Dade County, and found that depression decreased the probability of being
employed by 19 percentage points.

In terms of treatment, data from a randomized controlled trial (Schoenbaum et al., 2002)
demonstrated that appropriate depression treatment has a positive effect on employment. The
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study found that 72% of patients exposed to the appropriate depression care were employed
six months after treatment; compared to 53% of those who received no or inappropriate
treatment.

CONCEPTUAL FRAMEWORK
Our conceptual framework for the current analysis is derived from the basic model of labor
supply (Killingsworth, 1983) where a person’s decision to work is affected by a number of
factors including: age, race, education, marital status, the market wage, non-earned income (or
assets), personal health status, and the general state of the economy. Particularly for women,
the decision to work is also affected by the number of young children living at home, the
partner’s or spouse’s employment status and wages (Killingsworth and Heckman, 1986; Mroz,
1987), as well as her physical and mental health (Ruhm, 1992).

Figure 1 presents an illustrative case for an HIV-positive person. At the end of an asymptomatic
period: viral load increases, CD4 count decreases, symptoms of HIV disease appear, and
HAART becomes necessary. In this scenario, employment decreases due to physical illness,
treatment side effects, and possible depression. The basic hypothesis to be tested is that
effective treatment for HIV disease and depression can reverse that trend.

The CD4 cell count and the viral load are HIV-specific health status indicators. The CD4 count
indicates how healthy an individual’s immune system is, and how far HIV disease has
advanced. It helps predict the risk of medical complications and debilitating infections such as
pneumonia. The CD4 count is used in combination with the viral load test, which measures
the level of HIV in the blood, to determine the staging and outlook of the disease. Studies of
these indicators find that they are significantly related to patients’ health-related quality of life
(Weinfurt et al., 2000).

HAART dramatically altered the natural course of HIV infection. Potent antiretroviral
treatment effectively delays the occurrence of the acquired immunodeficiency syndrome
(AIDS); and it extends the life expectancy of HIV-positive individuals (Cole et al., 2003; Detels
et al., 1998; Palella et al., 1998). The literature confirms that HAART also affects labor market
outcomes. Recent works document that HAART users are more likely to be employed,
controlling for relevant covariates (Bernell and Shinogle, 2005; Goldman and Bao, 2004).
Thus, this study restricts the analysis to those individuals who are currently using HAART to
avoid some of the confounding due to the high effectiveness of the potent antiretroviral
treatment on employment outcomes.

Our measure of the treatment effect, then, is a comparison of the exposure to HAART plus
antidepressants versus HAART alone. The theory is that HAART is effective in stabilizing
current health; and that antidepressants have two additional effects in improving employment
outcomes. First, a direct channel from antidepressant use to fewer and less severe depression
symptoms to improved employment probabilities. Second, an indirect channel by which
antidepressant use improves the probability of receipt and adherence to HAART (Cook et
al., 2002; Cook et al., 2006; Kleeberger et al., 2004; Li et al., 2005), and thereby further
improves health status and employment probability. The overall objective of this paper is to
test the hypothesis that the use of antidepressants has an impact on the employment probability
of HIV-positive women who use HAART.

DATA AND METHODS
The Women’s Interagency HIV Study (WIHS) is a well characterized cohort that is socially
and racially representative of the HIV-positive female population in the United States (Barkan
et al., 1998; and https://statepiaps.jhsph.edu/wihs/). WIHS is also the largest U.S.-based
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longitudinal cohort of HIV-infected women. The original cohort consists of participants who
were recruited between 1994–1995; follow-up visits are scheduled every six months. The focus
of the cohort study is on clinical outcomes, but basic demographic and socio-economic data
are also collected. A total of 3,768 women have been enrolled; about 80% of them are from
racial/ethnic minority groups. The study sites are located in: Bronx, NY; Brooklyn, NY;
Chicago, IL; Los Angeles, CA; San Francisco, CA; and Washington, DC.

WIHS has a very low rate of attrition due to death and loss to follow up (Hessol et al., 2001;
Kirstein et al., 2002). Study attrition since 1994 among the seropositive women in WIHS was
due to 320 deaths and 52 dis-enrolments (Hessol et al., 2001). Cumulative retention rates for
WIHS through visit 24 (September 30, 2006) are 74 percent for seronegatives (SN) and 79
percent for seropositives (SP). The majority of dropout in the study occurred at early study
visits; for the first 10 study visits that occurred during a 5-year period between 1994 and 1999,
the retention rate of participants was approximately 82 percent. The retention rates for WIHS
recruits during WIHS III (October 2002–2006) have been very high: 94 percent of SN and 95
percent of SP who were active as of the beginning of WIHS III have been retained. Retention
of 2001/02 recruits has outpaced retention of 1994/95 recruits and remains high: 86 percent
among SP and 86 percent among SN women. An analysis of HAART using patterns reveals
that only 11.4 percent of the women were found to discontinue therapy altogether (Kirstein et
al. 2002).

The present analysis uses WIHS data collected from April 1st, 1996 (when protease inhibitors
(PIs) first became commercially available) through September 30th, 2004.1 Women eligible
for this study were: HIV-positive, between the ages of 18 and 65 years; for each observation
analyzed they had been using HAART 2 since the previous calendar visit; and had a CES-D
of at least 16 at baseline.3 A total of 1,234 women fulfilled all these eligibility criteria at
baseline. They contributed a total of 12,587 person-visits and had a median follow-up time of
3.5 years. The dependent variable in this paper is a dichotomous indicator of whether the
participant is employed at the current visit; and the main explanatory variable is a dichotomous
indicator of whether the participant has taken antidepressants since the last visit.

We undertook several analyses. First, we applied a linear probability model using a binary
outcome and a binary treatment variable (Angrist, 2001; Heckman, 1978; Heckman and
MaCurdy, 1985). The empirical equations in this framework were:

(1)

1Some information about the cohort is lost in this design. However, because of the remarkable effect of HAART, the effect of
antidepressant use on employment before 1996 would be completely eclipsed by the HAART effects. Patient follow-up would be very
limited because after an asymptomatic period, the health of HIV positive patients declined very rapidly, and the vast majority of patients
died. Hence, most studies on this topic focus exclusively on the time period following the introduction of HAART both in the WIHS
cohort (e.g., Cook et al 2002 and 2006) and other cohorts (Ghani et al 2003).
2The definition of HAART in the WIHS was guided by the DHHS/Kaiser Panel (DHHS/KFF 2005) guidelines and defined as: (a) two
or more nucleoside or nucleotide reverse transcriptase inhibitor (NRTIs) in combination with at least one protease inhibitor (PI) or one
non-nucleoside reverse transcriptase inhibitor (NNRTI) (88% of WIHS observations classified as HAART); (b) one NRTI in combination
with at least one PI and at least one NNRTI (5%); (c) a regimen containing ritonavir and saquinavir in combination with one NRTI and
no NNRTIs (1%); and (d) an abacavir or tenofovir containing regimen of three or more NRTIs in the absence of both PIs and NNRTIs
(6%), except for the three-NRTI regimens consisting of: abacavir + tenofovir + lamivudine OR didanosine + tenofovir + lamivudine.
Combinations of zidovudine (AZT) and stavudine (d4T) with either a PI or NNRTI were not considered HAART. The most frequent
case of monotherapy was of one NRTI (92%). Of the other monotherapy cases, taking only PIs accounted for 6%; while taking only
NNRTIs accounted for 2%. All other ART regimens were classified as combination therapy. The three most frequent cases of combination
therapy were: (a) only two NRTIs (67%); (b) three or more NRTIs without abacavir or tenofovir and in the absence of PIs and NNRTIs
(11%); and (c) at least one PI and at least one NNRTI in the absence of NRTI (4%).
3This investigation uses the Center for Epidemiologic Studies-Depression scale (CES-D) to assess depression symptoms (Radloff
1977). The scale ranges from zero to 60. A cutoff at or above 16 indicates “probable cases of depression”.
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(2)

where for individual i at time t, Y is the outcome of interest (current employment), T is the
treatment variable (antidepressant use since the previous visit), X is the covariates vector, Z
are instrumental variables, and ε and ν are error terms. Under the random effects (RE) model,
the individual-specific term αi is assumed to be uncorrelated to the covariates vector X, so that
the conditional distribution f(α|X) is not dependent on X. On the other hand, the fixed effects
(FE) model leaves that distribution unrestricted, so that α and X may be correlated (Greene,
2003). That is, in the FE model we assumed that equations (1) and (2) contain fixed effects for
each individual, which can potentially be correlated with Ti but that cancel out with the
subtraction of the time-averaged model (yielding the “within” or fixed effects estimator).

In the empirical estimation, under FE, the X vector contains the following time-varying
variables: CD4 cell count, detectable viral load (=1 if HIV RNA level is greater than 80 copies
per ml; =0 otherwise), the depression symptoms score (CES-D), as well as a general quality
of life index.4 In addition, X contains labor market characteristics measured at the local level:
including the unemployment rate5, and average real weekly earnings at the Metropolitan
Statistical Area (MSA) level6, and the adult employment ratio at the State level7. The
hypothesized channels for the treatment effect work through the CES-D, quality of life index,
CD4 cell count and detectable viral load; thus, these variables were used at their previous
calendar period levels to avoid endogeneity from antidepressant use (since last visit) into
current-period health status measures. We used those health status variables at the previous
time in both equations because previous health status affects both the probability of current
treatment and of current employment (due to productivity, physical and emotional strength).

Under RE, in addition to the time-varying control variables detailed above, X contains the
following variables: age at visit; age squared; dummy variables for participants who are: high
school graduate, African American, Hispanic, have a partner/spouse living at home; the number
of children (age 18 or less) living with the participant; and dummy indicators for the
participant’s site.

In a second set of analyses, given that both the outcome and treatment variables are
dichotomous indicators, we also used a non-linear model: the bivariate probit model (Maddala,
1983). In the bivariate probit specification, the assumption was that both employment and
antidepressant use were determined by an underlying continuous function indexes (Y* and
T*). When Y* or T* have values above zero (for normalization purposes), the corresponding
observable outcome (employment=Y or antidepressant use=T) takes a value of the unity, and
it is zero otherwise. The main equations (1) and (2) presented above remain as before, but now
we assumed a bivariate normal distribution for the error terms (with the variance normalized
to the unity and the correlation coefficient denoted as ρ) in the following manner:

4To complement clinical indicators of disease progression (CD4 and viral load), we use a multi-item scale as a proxy for productivity-
related measures: the quality of life index (Bozzette et al. 1995).
5Unemployment data come from the Local Area Unemployment Statistics (LAUS) program which produces monthly and annual
employment, unemployment, and labor force data for Census regions and divisions, States, counties, metropolitan areas, and many cities,
by place of residence (Bureau of Labor Statistics 2005b).
6Average earnings for the relevant Metropolitan Statistical Areas (MSAs) come from the Current Population Survey (CPS), a monthly
household survey conducted by the Bureau of the Census (Bureau of Labor Statistics 2005a).
7To control for discouraged workers (i.e., those who are no longer in the labor force because they are not working, and they are not
looking for a job), we constructed a measure of adult employment at the State level. This measure is the ratio of the employed over the
total non-institutionalized civilian population aged 16 and over (NCP16+) (regardless of whether they are in the labor force or not). We
used The Geographical Profile of Employment and Unemployment series that reports the NCP16+ at the State level on a yearly basis
(Bureau of Labor Statistics (various years), and Bureau of Labor Statistics 2005b).
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(3)

The correlation between ε and ν captures the correlation between the likelihood of being
employed and the propensity of taking antidepressants. A positive correlation coefficient would
indicate that patients who take antidepressants are more likely to work; while a negative ρ
would indicate that those using antidepressants are less likely to be working. The model was
identified with the use of instrumental variables. Marginal effects of antidepressant use on the
employment outcomes of the HIV-infected women were estimated as the differences between
the two mean employment outcomes within each scenario: with and without antidepressant
use.

For all model specifications, we compared the results from “naïve” estimates where
antidepressant use was assumed to be exogenous, to the results we obtained using instrumental
variables. Analyses were conducted using STATA™ (Statistical Data Analysis, Special
Edition, Version 9.3, College Station, Texas), including the ivreg2, xtivreg2, and biprobit ado
files (Baum et al., 2007; Schaffer, 2007).

Instrumental Variables
Estimating the employment effect of antidepressant use was complicated by endogeneity: as
individuals present more symptoms of depression (and as the CES-D score increases), the
probability of receiving antidepressants was also likely to increase. However, at the same time,
more depressed persons were also more likely to be jobless because of socio-economic,
demographic, local area or other characteristics. The literature suggests that unemployment is
a risk factor for depressive status.8 In addition, there was another potential endogeneity issue
as the probability of employment may affect health insurance status, which in turn may affect
the likelihood of obtaining antidepressant treatment.9

To address these issues, we used an instrumental variables approach (Angrist and Krueger,
2001), which has been applied widely (Angrist, Imbens, and Rubin, 1996; Greenland, 2000;
Harris and Remler, 1998; Moffitt, 2005; Newhouse and McClellan, 1998); including in the
mental health economics literature (Crown et al., 1998; Lu, 1999; Salkever et al., 2004;
Salkever, Slade, and Karakus, 2006). The method requires that the instruments be highly
correlated with the treatment choice; but cannot have direct effect on the outcome (Cameron
and Trivedi, 2005; Greene, 2003; Wooldridge, 2002).

We used two instruments: the volume of Medicaid prescriptions claims for selective serotonin
reuptake inhibitors (SSRIs) as percentage of total volume of Medicaid antidepressant
prescriptions; and the volume of SSRI prescription claims per Medicaid beneficiary (×100)
(both at the state level). The instrumental variables were constructed on a quarterly basis for
the years 1996–2004 at the state level; and then assigned to each individual’s visit observation
for participants in the WIHS cohort according to the relevant state and visit date. The Centers
for Medicaid and Medicare Services (CMS) define the number of prescriptions in each state
data file as “the number of prescriptions reimbursed to pharmacists for the drug for the quarter

8The literature on the health impacts of unemployment is vast. A number of individual studies and literature reviews confirm that
unemployment, inadequate employment and the general economic status of the place of residence affect mental health and depression
status (Fone et al 2007; Dooley et al 2000; Wilson and Walker 1993).
9Eligibility rules for Medicare and Medicaid might suggest that employment is negatively related to insurance coverage. The reverse
might be true for private insurance, though the numbers of persons with such coverage in the WIHS cohort are relatively small (about
9% of participants reported to have private insurance at baseline; and 12.4% reported to do so over the entire observation period).
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covered” (Centers for Medicaid and Medicare Services, 2005). Beneficiary information was
obtained from the Medicaid Statistical Information System (MSIS, 2005).

The rationale to use these instruments was that participants would have a higher chance of
receiving antidepressants in states where SSRI diffusion was more rapid; SSRI prescriptions
per Medicaid beneficiary are used here as an indicator of that diffusion. As SSRI prescriptions
per Medicaid beneficiary increased, the likelihood that the participants received treatment also
would increase. The “diffusion” rationale has been used for other mental health treatment
analyses, particularly for newer treatments for schizophrenia (Domino, Frank, and Rosenheck,
2003; Salkever et al., 2004; Salkever, Slade, and Karakus, 2006). Duggan (2005) is another
example of a similar approach to generating an instrument for drug use by exploiting the
variation across geographic areas in the diffusion of second-generation anti-psychotics. Our
selection of IVs was driven by our intention to measure depression treatment using an indicator
that was not directly related to our dependent variable of employment. We assumed that the
likelihood of depression treatment would be greater for residents of states in which Medicaid
paid for more SSRI prescriptions per patient. Note, however, that the Medicaid SSRI instrument
would primarily reflect variability in diffusion of SSRIs to prescribers rather than variations
in implementation of formulary restrictions or in extent of financial coverage. WIHS
participants in states with higher diffusion would be more likely to be receiving SSRIs for
depression. Nevertheless, the higher chance of receiving SSRI treatment would not to be
correlated with the probability of employment, given that the IV is a measure at the level of
the state rather than at the individual level. That is, there was no reason to expect a high
correlation between states with more rapid SSRI diffusion and the probability of employment
for WIHS participants at the individual level.

RESULTS
We first describe the WIHS sample in Table 1, which shows the descriptive statistics. At
baseline, (defined as the first visit for which a participant was on HAART since the last calendar
visit; and had a CES-D score of at least 16, i.e., the usual cutoff for “probable depression”), a
fourth of the participants were employed and 17.6% of the participants were taking
antidepressants. Although 59.9% of the participants had finished high school, only 5.4%
completed four years of college. The predominant racial group of the sample was African
American (52.8%), followed by Hispanic (29.6%), and then Caucasian (14.7%). About 60%
of participants reported an annual household income of less than $12,000 per year; 63.4%
reported public health insurance through Medicaid (or Medi-Cal for California residents); and
11% reported Medicare. About 63% of participants had a detectable level of viral load (above
80 copies of HIV RNA per ml). WIHS participants in this sample were distributed across the
six study sites as follows: Bronx, NY (21.4%); Brooklyn, NY (14%); Washington, DC (14.2%);
Los Angeles, CA (21.7%); San Francisco, CA (13.9%); and Chicago, IL (14.8%).

The mean age of the participants at baseline was 38.4 years. Participants had an average of 0.3
minor children (ages 18 or younger) living at their home (with a range from zero to 10). The
mean CES-D (depression score) at baseline was 26.3 (which is well above the cutoff of 16 that
is likely to agree with a diagnosis of depression). The average quality of life index was 55.5;
and the average CD4+ cell count of 395. In terms of constructed variables: at the Metropolitan
Statistical Area (MSA) level, the unemployment rate stood at 5.4%, and the mean earnings
were $391 per week; at the State level, 62% of the non-institutionalized population (16 years
and over) were employed. The instrumental variables (volume of SSRI prescriptions as
percentage of total volume of Medicaid antidepressant prescriptions, and SSRI prescriptions
per Medicaid beneficiary times 100) had means of 43.3 and 6.5.
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Second, we assessed whether the IVs are good instruments for antidepressant use. Table 2
shows the first stage linear regression models for the probability of using antidepressants as a
function of the IVs (volume of SSRI prescriptions as percentage of total volume of Medicaid
antidepressant prescriptions, and SSRI prescriptions per Medicaid beneficiary) and all other
covariates. The IV coefficients are of the expected sign (positive) and significant. For example,
the 0.0041 for first instrument shows that the mean difference in probability of use of
antidepressants is positive and significant in a multivariate random effects model. The tests of
excluded instruments suggest that our IVs are good predictors of whether or not the participants
are using antidepressants. The F statistic of excluded instruments in the fixed effects model
was 22.18; and it was 40.08 under the random effects model. These results were well above
the rule-of-thumb F statistic suggested in the literature to avoid the problem of weak
instruments (Staiger and Stock, 1997). In addition, the test for overidentification, suggested in
Davidson and MacKinnon (1993), yielded a p-value of 0.664 thus indicating that the data do
not reject the assumption that the only manner in which the instruments (SSRI prescriptions
over total Medicaid antidepressant prescriptions and SSRI Medicaid prescriptions filled per
beneficiary) affect the individual level employment probability is through their effect on
antidepressant use patterns.

Third, we formally tested for the endogeneity of antidepressant use in the employment
equation. Using the predicted residuals from the regressions in Table 2, we ran linear regression
of employment on a constant, antidepressant use, the first stage predicted residuals, and all of
the covariates (Hausman, 1978). We found that under both random effects and fixed effects
specifications the predicted residuals were negative and significant. Thus, unobserved
components in the first stage do seem to influence the main outcome, lending credibility to the
hypothesis of endogeneity. In addition, in the non-linear specification model (Table 4), we
present the results of the bivariate probit estimations, including the value of the coefficient of
correlation (ρ) which was negative and also significant, suggesting again that antidepressant
use is endogenous.

Table 3 shows linear models for the probability of employment, under the fixed effects and
random effects assumptions. These models account for the endogeneity of antidepressant use
using an IV approach (Heckman, 1978). After adjusting for personal (demographic,
socioeconomic and clinical) characteristics, as well as other local labor market conditions, we
found that probably-depressed women who used antidepressants had a higher probability of
being employed than those who did not use antidepressants. This finding was statistically
significant under the random effects, and also under the fixed effects models.

The first column in Table 3 shows results from a “naïve” RE model, where the antidepressant
use coefficient was slightly positive with a coefficient of 0.01, but it was not significant. On
the other hand, in the second column, we used the instrumental variables and found that effect
of antidepressants on employment was 0.42 and significant. Similarly, a naïve OLS with FE
(third column) gave a slightly positive coefficient of 0.03, whereas the coefficient of
antidepressant use on employment (fourth column) was about 0.30 and significant in the FE
addressing the endogeneity with IV.

Six other factors in the RE model were associated with higher employment probabilities: high
school graduation, the quality of life index, CD4 cell count and being a participant in the
Washington, DC site (as compared to Chicago, IL, the reference site). The following variables
affected negatively the likelihood of employment: being African American and study site in
Bronx, NY. In the FE model, higher employment was associated with: higher quality of life
index and higher CD4 cell count.
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Table 4 shows the results of two non-linear models of employment probability: a naïve probit,
and a bivariate probit model using instrumental variables. In the naïve probit model, the
coefficient of antidepressant use on employment was 0.05 with a marginal effect of 0.01 and
not significant. On the other hand, using instrumental variables to identify a bivariate probit
model, we found that the coefficient of antidepressant use on employment was 0.80 with a
marginal effect of 0.28 and significant.

DISCUSSION
The results, under the preferred linear fixed effects model as well as the bivariate probit model,
show that the probability of being employed is about 29 percentage points higher for a
(probably-depressed, HIV-positive, HAART-compliant) participant who used antidepressants
compared to one who did not. That is, starting from an average predicted employment
probability of 20%, antidepressant use increased that probability to 49%. In contrast, the
assumption that treatment is exogenous (in naïve regressions) resulted in coefficients that were
negative, or just slightly positive.

This paper shows that instrumental variables (IV) based on the volume of the Medicaid SSRI
prescriptions at the State level can be used to identify a positive effect of antidepressant use
on the employment probability. The instrumental variables capitalize on the variation in
Medicaid coverage for antidepressants across states and over time, and are thus strong
predictors of treatment likelihood. As diffusion of the newer class of antidepressants (selective
serotonin reuptake inhibitors or SSRIs) increases, the likelihood of an individual person in the
sample to use antidepressants also increases, controlling for other relevant predictors of
treatment.10

Our estimates of the treatment effect seem to be generally in agreement with, though slightly
higher than, previous results in the literature. Schoenbaum et al., (2002) find an almost 20
percentage point difference (72% for the treatment group vs. 53% for the control) in the
probability of employment between standard vs. appropriate depression care in a randomized
controlled trial. Some possible explanations for the findings are as follows. First, women in
the WIHS sample are of low socio-economic and health status; thus HAART plus
pharmacological depression treatment may have a stronger effect for this population. As
general health status improves, and as individuals are more likely to be working, there may be
a diminishing antidepressant effect on employment. Second, and more importantly, the effects
found maybe larger than previous interventions because of the interactions between the direct
effect (through mental health status), and the indirect effect (through HAART adherence);
hence, resulting in important implications for clinical practice and policy.

Our study has some limitations. WIHS data in general are of very high quality; an important
characteristic of the WIHS cohort is that it has centralized staff training, standardized data
collection and processing procedures, and quality assurance monitoring for each participating
center (Barkan et al. 1998). Nevertheless, the labor market data obtained is only partial. We
do not capture labor force participation because the labor force includes both the employed
and those looking for work; and WIHS questionnaires do not ask whether unemployed
participants are looking for a job. We do explore, however, the influence of private and public
health insurance in sensitivity analyses, and the results are robust to including previous period
health insurance status in the current period employment equation. 11

10Note that a (remote) possibility might exist that the availability of SSRIs may encourage some study individuals to become (or remain)
unemployed so they could continue to receive Medicaid coverage; however, if such an effect existed, it would tend to cause a negative
correlation between the instrument and the employment dependent variable.
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Second, we have no evidence that the women are adherent/compliant to their antidepressant
medication regimen (only that they report having a prescription or taking it at some point);
thus there may be a possibility for misclassifying some participants as having had treatment
when in fact they did not have it. Nevertheless, if that was the case, our current estimates would
be biased downwards towards zero, or towards “no effect.” Also, the dichotomous variable of
antidepressant use as a measure of anti-depression treatment is rudimentary: there is no data
about how long participants have been taking the antidepressants (within visits), or the doses
taken. Third, the two hypothesized channels as to how the effect of antidepressant use works
on employment need to be determined more specifically. Future research can test how much
of the employment effect is working through mental health status, and how much of the effect
is working through increased adherence to HAART, and hence better overall physical health.
Finally, the IVs may not provide a fully unconfounded estimate of the treatment effect. As with
other IV estimates, ours provide only a local average treatment effect, or LATE (Imbens and
Angrist 1994), in the sense that it applies exclusively to those participants for which the IV has
an effect on actual treatment. We chose to include in the present analysis only the IVs that
worked best (SSRI prescriptions over total Medicaid antidepressant prescriptions, and SSRI
prescriptions per Medicaid beneficiary). Other IVs that we tried (but are not using in this
analysis) were less powerful in explaining treatment choice: Antidepressant prescriptions over
total Medicaid prescriptions; antidepressant prescriptions per Medicaid beneficiary;
antidepressant prescriptions per adult Medicaid beneficiary; SSRI prescriptions per adult
Medicaid beneficiary.

In conclusion, the findings suggest that the use of antidepressants improves the employment
outcomes for the women in the Women’s Interagency HIV Study (WIHS), and it may do so
for a probably-depressed segment of the HIV-positive women in the U.S. Increased and
continued support for the inclusion of antidepressants in programs such as the AIDS Drugs
Assistance Program (ADAP), Ryan White CARE Act, and Medicaid formularies may be
warranted for specific population groups, particularly low-income women, not only based on
improved medical outcomes, but also based on potential employment effects.
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Figure 1.
Conceptual Framework
The Effect of Antidepressant Use on Employment
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Table 2

Use of Antidepressants: First Stage Linear Regression Models for Likely Depressed HIV+ Women, WIHS Cohort
1996–2004

Random Effects Fixed Effects

IV: SSRI Rx/total Medicaid antidepressant Rx 0.0041
[0.0011]**

0.0047
[0.0012]**

IV: SSRI Rx/Medicaid beneficiary (×100) 0.0084
[0.0026]**

0.0094
[0.0029]**

Age (10-year units) 0.0669
[0.0762]

Age squared −0.0057
[0.0092]

High school graduate (=1) 0.0064
[0.0187]

Race: African American (=1) −0.1422
[0.0250]**

Race: Hispanic (=1) −0.1127
[0.0281]**

Married/living with partner (=1) −0.0129
[0.0138]

Minors living at home (ages<=18) −0.0074
[0.0057]

Depression score (CES-D) at t-1 0.0012
[0.0006]*

0.0011
[0.0007]

Quality of life index (×10) at t-1 −0.0183
[0.0041]**

−0.0046
[0.0050]

CD4 cell count (×100) at t-1 0.0062
[0.0027]*

0.002
[0.0039]

Viral load > 80 HIV RNA copies per ml at t-1 (=1) 0.0147
[0.0131]

0.0057
[0.0148]

Unemployment rate (Metropolitan Statistical Area, MSA) 0.0087
[0.0081]

0.0144
[0.0087]+

Weekly earnings, MSA ($100s) −0.0474
[0.0341]

−0.0211
[0.0361]

Adult employment ratio, State (×10) 0.1325
[0.0353]**

0.1314
[0.0381]**

Site: Bronx, NY (=1) 0.102
[0.0345]**

Site: Brooklyn, NY (=1) 0.0293
[0.0356]

Site: Washington, DC (=1) 0.091
[0.0446]*

Site: Los Angeles, CA (=1) 0.0776
[0.0364]*

Site: San Francisco, CA (=1) 0.1904
[0.0414]**

Observations 4015 4083

Individuals (WIHS ID) 1045 1060

Notes: Table presents coefficients and standard errors [in brackets]:
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+
significant at 10%;

*
significant at 5%;

**
significant at 1%. CES-D: Center for Epidemiological Studies-Depression; IV: Instrumental Variable; MSA: Metropolitan Statistical Area; RNA:

ribonucleic acid; Rx: Prescriptions; SSRI: Selective Serotonin Reuptake Inhibitors.
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Table 3

Linear Models of Employment Probability for Likely Depressed HIV+ Women, WIHS Cohort 1996–2004

Random Effects Fixed Effects

Naive OLS IV Naive OLS IV

Used antidepressant since t-1(=1) 0.0147
[0.0160]

0.4194
[0.1532]**

0.0302
[0.0177]+

0.2979
[0.1363]*

Age (10-year units) 0.1217
[0.0864]

0.1159
[0.0940]

Age squared −0.0163
[0.0104]

−0.0173
[0.0113]

High school graduate (=1) 0.1132
[0.0223]**

0.1103
[0.0242]**

Race: African American(=1) −0.1109
[0.0299]**

−0.0504
[0.0386]

Race: Hispanic(=1) −0.0482
[0.0336]

0.0012
[0.0401]

Married or living with partner (=1) 0.0206
[0.0143]

0.0250
[0.0155]

Minors at home (ages<=18) 0.0035
[0.0057]

0.0023
[0.0061]

Depression score (CES-D) at t-1 −0.0002
[0.0006]

−0.0003
[0.0007]

0.0001
[0.0007]

−0.0000
[0.0007]

Quality of life index (×10) at t-1 0.0287
[0.0042]**

0.0335
[0.0050]**

0.0170
[0.0049]**

0.0189
[0.0051]**

CD4 cell count (×100) at t-1 0.0127
[0.0029]**

0.0070
[0.0036]*

0.0081
[0.0038]*

0.0066
[0.0040]+

Viral load > 80 HIV RNA copies/ml at
t-1(=1)

−0.0075
[0.0133]

−0.0078
[0.0143]

0.0029
[0.0144]

0.0023
[0.0150]

Unemployment rate (MSA) 0.0074
[0.0078]

−0.0002
[0.0088]

0.0021
[0.0082]

−0.0035
[0.0089]

Weekly earnings, MSA level ($100s) 0.0192
[0.0333]

0.0381
[0.0364]

0.0137
[0.0346]

0.0227
[0.0361]

Adult employment ratio, state level
(×10)

0.0466
[0.0342]

0.0144
[0.0390]

0.0630
[0.0360]+

0.0412
[0.0389]

Site: Bronx, NY (=1) −0.0895
[0.0398]*

−0.1203
[0.0449]**

Site: Brooklyn, NY (=1) −0.0603
[0.0412]

−0.0637
[0.0448]

Site: Washington, DC (=1) 0.1638
[0.0426]**

0.1421
[0.0467]**

Site: Los Angeles, CA (=1) −0.0342
[0.0371]

−0.0248
[0.0402]

Site: San Francisco, CA (=1) −0.0458
[0.0428]

−0.0892
[0.0502]+

Observations 4011 4011 4026 3793

Number of WIHS participants 1045 1045 1048 815

Notes: Table presents coefficients and standard errors [in brackets]:

+
significant at 10%;
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*
significant at 5%;

**
significant at 1%. CES-D: Center for Epidemiological Studies-Depression scale; IV: Instrumental Variable; MSA: Metropolitan Statistical Area;

OLS: ordinary least squares; RNA: ribonucleic acid.
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Table 4

Probit Models for the Employment Probability of Likely Depressed HIV+ Women, WIHS Cohort 1996–2004

Naive Probit Bivariate Probit

Coefficient Marginal Effect Coefficient Marginal Effect

Used antidepressants since t-1
(=1)

0.0524
[0.0550]

0.0165
[0.0175]

0.8000
[0.4248]+

0.2840
[0.1640]+

Age (10-year units) 0.3756
[0.3223]

0.1169
[0.1005]

0.5414
[0.3323]

0.1702
[0.1044]

Age squared −0.0523
[0.0385]

−0.0163
[0.0120]

−0.0718
[0.0402]+

−0.0226
[0.0126]+

High school graduate (=1) 0.3964
[0.0778]**

0.1190
[0.0223]**

0.4093
[0.0826]**

0.1241
[0.0236]**

Race: African American (=1) −0.3643
[0.0977]**

−0.1132
[0.0304]**

−0.2062
[0.1271]

−0.0648
[0.0392]+

Race: Hispanic (=1) −0.1522
[0.1125]

−0.0463
[0.0335]

−0.0878
[0.1329]

−0.0273
[0.0405]

Married or living with a partner
(=1)

0.0795
[0.0539]

0.0250
[0.0172]

0.1198
[0.0673]+

0.0383
[0.0219]+

Minors at home (ages<=18) 0.0161
[0.0201]

0.0050
[0.0063]

−0.0003
[0.0281]

−0.0001
[0.0088]

Depression score (CES-D) at
t-1

−0.0003
[0.0021]

−0.0001
[0.0007]

−0.004
[0.0029]

−0.0012
[0.0009]

Quality of life index (×10) at t-1 0.1033
[0.0163]**

0.0321
[0.0051]**

0.1713
[0.0204]**

0.0538
[0.0067]**

CD4 cell count (×100) at t-1 0.0428
[0.0102]**

0.0133
[0.0032]**

0.0452
[0.0147]**

0.0142
[0.0045]**

Viral load>80 HIV RNA
copies/ml at t-1 (=1)

−0.0289
[0.0488]

−0.0090
[0.0152]

−0.0875
[0.0623]

−0.0277
[0.0199]

Unemployment rate (MSA) 0.0239
[0.0282]

0.0074
[0.0088]

0.0268
[0.0341]

0.0084
[0.0106]

Weekly earnings, MSA
($100s)

0.0725
[0.1188]

0.0226
[0.0370]

0.1248
[0.1367]

0.0392
[0.0431]

Adult employment ratio, State
(×10)

0.1615
[0.1085]

0.0503
[0.0339]

0.1065
[0.1351]

0.0335
[0.0423]

Site: Bronx, NY (=1) −0.3086
[0.1346]*

−0.0894
[0.0359]*

−0.3933
[0.1403]**

−0.1129
[0.0366]**

Site: Brooklyn, NY (=1) −0.1931
[0.1369]

−0.0572
[0.0384]

−0.2954
[0.1445]*

−0.086
[0.0385]*

Site: Washington, DC (=1) 0.4730
[0.1402]**

0.1628
[0.0519]**

0.3272
[0.1564]*

0.1107
[0.0557]*

Site: Los Angeles, CA (=1) −0.1026
[0.1231]

−0.0313
[0.0368]

−0.1225
[0.1331]

−0.0377
[0.0399]

Site: San Francisco, CA (=1) −0.1489
[0.1417]

−0.0444
[0.0404]

−0.2154
[0.1582]

−0.0636
[0.0442]

Value of ρ −0.4718
[0.2777]+

Observations 4011 4011

Clusters (WIHS ID) 1045 1045

Notes: Table presents coefficients and standard errors [in brackets]:
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+
significant at 10%;

*
significant at 5%;

**
significant at 1%. CES-D: Center for Epidemiological Studies-Depression scale; MSA: Metropolitan Statistical Area; RNA: ribonucleic acid.
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