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ABSTRACT 
 

OBJECTIVE: To examine the association between antidepressant use and the likelihood 

of being employed among HIV-positive persons receiving highly active antiretroviral 

therapy (HAART). 

DATA SOURCES:  Panel (longitudinal), semi-annual data (from 1996 to 2004) from the 

Women’s Interagency HIV Study (WIHS), a cohort study of 3,768 women in Bronx and 

Brooklyn (New York), Chicago (Illinois), Los Angeles and San Francisco (California), and 

Washington, D.C.; and the Multicenter AIDS Cohort Study (MACS), a cohort of 6,973 

men in Baltimore (Maryland), Chicago (Illinois), Los Angeles (California), and Pittsburgh 

(Pennsylvania). 

METHODS:  Regression analyses models of employment (linear, non-linear, and 

dynamic, under fixed and random effects assumptions), conditioning on the use of HAART 

at every prior calendar visit.  The regressions control for: demographic characteristics (age, 

race, education); clinical indicators (CD4 cell count, viral load); physical and mental health 

summary measures (physical component of the SF-36 or quality of life index; and CES-D); 

and local area characteristics (unemployment rate, real weekly earnings, and employment 

ratios).  Different measures of State Medicaid coverage for antidepressants are used as 

instrumental variables to predict antidepressant use independently of outcomes; thus, 

addressing potential sources of bias -- more depressed persons tend to receive 

antidepressant treatment, but they are also more likely to be unemployed.   



 iii

PRINCIPAL FINDINGS:  The proposed instrumental variables can be used to identify 

antidepressant use in the WIHS population.  Results show that antidepressant use has a 

positive effect on the employment probability of women living with HIV.  Among women 

receiving HAART, and controlling for individual and local area labor market 

characteristics, use of antidepressants is associated with a higher probability of being 

employed.  On the other hand, the proposed instruments do not perform well on the MACS 

sample.  The treatment probability can be predicted only weakly.  With the current 

instruments, we cannot find a positive effect of antidepressant use on employment for the 

participants in the MACS.    

CONCLUSIONS:  Increasing efforts to improve screening, diagnosis, and treatment of 

depression in specific high-risk HIV positive populations, particularly low-income women, 

is warranted not only for the physical and mental health benefits, but also as an avenue to 

increase employment. 
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GLOSSARY 

 

AIDS = Acquired Immunodeficiency Syndrome 

CES-D = Center for Epidemiological Studies—Depression 

CMS = Centers for Medicare and Medicaid Services 

CPS = Current Population Survey 

FDA = Food and Drug Administration 

HAART = Highly Active Antiretroviral Therapy 

HIV = Human Immunodeficiency Virus 

LAUS = Local Area Unemployment Statistics 

MACS = Multicenter AIDS Cohort Study 

MAOIs = Monoamine Oxidase Inhibitors (class of antidepressants)  

MSA = Metropolitan Statistical Area 

MSIS = Medicaid Statistical Information System  

NDC = National Drug Code 

NNRTI = Non-Nucleoside Reverse Transcriptase Inhibitor  

NRTI = Nucleoside or Nucleotide Reverse Transcriptase Inhibitor  

PI = Protease Inhibitor 

SSRI = Selective Serotonin Reuptake Inhibitors (class of antidepressants) 

TCAs = Tricyclic antidepressants   

WIHS = Women’s Interagency HIV Study 
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C h a p t e r  O n e  

1. INTRODUCTION 

 

Health in general, and mental health in particular, affect labor market outcomes, including 

employment (Currie and Madrian 1999; Ettner, Frank, and Kessler 1997).  Depression 

treatment, specifically, has been shown to have an impact on the likelihood of being 

employed (Schoenbaum 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 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, 

particularly in HIV-positive populations (Ciesla and Roberts 2001, Asch et al. 2003).   

In an idealized 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 
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themselves are in part responsible for seeking and complying with treatment, can result in 

biased estimates of the treatment effect.  

This dissertation investigates the effect of antidepressant use on the patient’s probability of 

employment using observational longitudinal data from two different samples of women 

and men living with HIV, and who are using HAART.  The analytical approaches 

explicitly take account of the fact that observable and unobservable factors 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, but we assume that it is not directly related to the participants’ 

employment outcomes, except through the antidepressant treatment.   

In the next chapter there is a review of the relevant literature and a conceptual framework 

for this research.  Chapter 3 specifies the data sources and the populations studied; and in 

Chapter 4, the analytical methods are presented.  Chapter 5 shows the results of the 

employment effect of antidepressant use for women; followed in the next chapter by the 

results of antidepressant use on employment for men.  Finally, Chapter 7 contains a 

summary and discussion of the results, and some policy implications from the findings.   
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C h a p t e r  T w o  

2. LITERATURE REVIEW AND CONCEPTUAL FRAMEWORK 

 

The literature in health economics, epidemiology, and econometrics does not specifically 

address the issue of anti-depression treatment and labor market outcomes of persons living 

with HIV in the United States.  Each field studies particular aspects of that complex 

relationship for this particular population.  This chapter provides first a general literature 

review of HIV care in the U.S; and second, an overview of the epidemiology of depression 

and its treatment with antidepressants.  The third section in this chapter examines the 

literature related to labor market outcomes, and it proposes a conceptual framework for the 

subsequent empirical analysis.   

 

2.1 HIV Care in the United States 

Over one million persons have been infected with the human immunodeficiency virus 

(HIV) in the U.S.  About 40 thousand persons become HIV-positive each year (Centers for 

Disease Control (CDC) 2005).  Nearly a third of HIV-positive individuals receive highly 

active antiretroviral therapy (HAART).  A nationally-representative survey (Bozzette et al. 

1998) reveals that of those receiving care nation-wide: 

• 23 percent are women 
• 33 percent are African American 
• 49 percent are men who have sex with men 
• 46 percent have income levels of less than $10K per year 
• 68 percent have public health insurance or no insurance 
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In terms of the economics of HIV care, the HIV Cost and Services Utilization Survey 

(HCSUS) estimates that the cost of HIV care is about $20,000 per person per year, but 

those costs vary substantially by CD4 cell count (Bozzette et al. 1998).  Exhibit I shows 

that as CD4 cell counts decrease, the costs of HIV care increase.  When a person has a 

relatively high CD4 cell count (over 500 CD4 cells per mm3) the costs per patient per 

month are $532, whereas at low CD4 cell count levels (i.e., below 50), the costs increase 

over four-fold to $2,344 per patient per month. 

Exhibit I  
HIV Care Costs by CD4 cell count 

(US$ per patient per month) 
CD4 cell count Cost (pt./mo.) 

>500/mm3 $532 
200-499/mm3 $925 
50-199/mm3 $1,361 

<50/mm3 $2,344 
Source: (Bozzette et al. 1998). 

 

The cost of treating opportunistic infections and the complications in the late stages of 

AIDS are very high.  Hence, avoiding AIDS cases in the population produces substantial 

cost reductions.  Even with the high prices of the treatment, studies suggest that the use of 

HAART results in an overall societal cost savings (Bozzette et al. 2001).   

Medicaid and Medicare cover the majority of the government’s spending on HIV care.  

Exhibit II shows that of the total $8.7 billion in HIV care costs, 48 percent are paid for by 

Medicaid, 24 percent by Medicare, and about 22 percent by the Ryan White CARE Act. 
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Exhibit II 
Paying for HIV/AIDS care 

(U.S. $ billion, FY 2002) 
Payer Total Percent 

Medicaid $4.2 48 
Medicare $2.1 24 

CARE Act $1.9 22 
Other* $0.5 6 
Total $8.7 100 

Source: (Institute of Medicine 2004).  

* Other category includes: Veterans Administration 
(VA), other agencies in the Department of Health and 

Human Services (DHHS), Department of Defense 
(DoD), and Department of Justice (DoJ). 

One implication from the data is that when high CD4 cell count levels in the HIV-positive 

population are maintained, this leads to lower overall societal costs.  Many barriers exist, 

however, to achieve the goal of higher CD4 cell counts; one is of course the high medical 

costs themselves, but another may be low adherence to the HAART regimen.  The next 

section provides an overview of one factor that affects HAART adherence: depression and 

its treatment.   

2.2 Depression and Antidepressants 

A large body of research in psychiatric epidemiology is devoted to the study of depression.  

Depression is the second leading cause of morbidity in terms of burden of disease in the 

developed world.  Second only to ischemic heart disease, unipolar major depression 

accounted for 6.8 percent of the burden of disease in market economies in 1990; and it will 

continue to be the second most important disease in 2020 (Lopez et al. 1996).  

Furthermore, depression has also important economic costs estimated in 1990 to be about 

$43.7 billion.  Of that total, $12.4 billion (or 28 percent) was attributed to direct costs, $7.5 
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billion (or 17 percent) comprised mortality costs, and $23.8 billion (or 55 percent) was 

associated with indirect costs of depression in the workplace, including days lost and 

productivity losses.  The magnitude and distribution of these costs did not change 

substantially from 1990 to 2000 (Greenberg et al. 2003). 

The signs and symptoms associated with major depression are dysphoria, anhedonia, 

appetite loss or gain, sleep problems, restlessness or slowing down, fatigue, feelings of 

unusual guilt, problems to concentrate and think clearly, thoughts of death.  The American 

Psychiatry Association, in its Diagnostic and Statistical Manual of Mental Disorders, (APA 

2000) lists the following operational criteria for a diagnosis of major depressive episode:   

A. Presence of five (or more) of the following criteria are met during a two-week period, 
with at least one of the first two requirements present: 

 
• Depressed mood 
• Diminished pleasure in most activities 
• Weight and/or appetite changes 
• Hypersomnia or insomnia 
• Psychomotor changes 
• Fatigue or energy loss  
• Feelings of worthlessness or inappropriate guilt 
• Inability to concentrate or think 
• Recurrent thoughts of death, suicide;  
actual plans to commit suicide, or suicide attempt 

 
B. Symptoms do not meet criteria for mixed episodes (i.e., bipolar disorder).   
C. Symptoms cause significant distress or impairment in social, occupational (educational), 
or other important areas of functioning.   
D.  Symptoms are not due to medication or general medical condition; and  
E. Symptoms are not explained by bereavement.   
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The signs and symptoms in Part A above need to occur nearly every day, and last for most 

of the day.  The exclusions are: delusions, hallucinations, and symptoms due to general 

medical conditions (e.g., hypothyroidism).  Major depressive disorder (MDD) is 

characterized by one or more major depressive episodes; thus, the DSM-IV makes a 

distinction between single episode MDD versus recurrent MDD (American Psychiatric 

Association and American Psychiatric Association. Task Force on DSM-IV 2000). 

A meta-analysis [Kaelber et al. in (Beckham and Leber 1995)] presents a comprehensive 

summary of the epidemiological findings regarding depression: lifetime prevalence of nine 

percent, with an inter-quartile range from 8.4 to 16 percent, and an annual incidence of 

three cases per 1000 persons.  The prevalence of MDD in community surveys varies.  The 

National Comorbidity Survey (NCS) gives the highest prevalence in the U.S., followed by 

the Epidemiological Catchment Area (ECA) study.  The estimates for the one-year point 

prevalence in the U.S. range from two to four percent in the community.  In clinical 

settings, the prevalence of depression is in the range of 10 to 15 percent.  Exhibit III 

presents a summary [based on (Tsuang and Tohen 2002)] showing a wide range of 

depression prevalence estimates. 

Exhibit III 
Prevalence of Depression in Percent: Selected Surveys 

Location N Age P.I. One-year Lifetime 
USA-ECA 18,572 18+ Weissman 2.6 4.4 
Puerto Rico 1,551 17-64 Canino  4.6 

Seoul 5,100 18-65 Lee  3.4 
Edmonton 3,258 18+ Bland  8.6 

New Zealand 1,498 18+ Joyce 5.3 12.6 
Zurich 6,193 19-24 Angst 7  

USA-NCS 8,098 15-54 Kessler 10.3 17.1 
Source: [Horwath et al. in (Tsuang and Tohen 2002)]. 
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The main risk factors for depression include: female gender, prior depression, co-morbidity 

(psychiatric or other), divorced/separated, poor health, major adverse life events, and low 

socio-economic status.  Race and age have not been found to be significant risk factors.  

Unemployment is associated with greater risk of depression across a variety of studies in 

different settings and countries.  Being married is a protective factor against depression; 

individuals who are divorced or never married have higher prevalence of depression, and 

the risk is even higher for those who have divorced twice or more.  Major depression is 

clustered in families; genetic factors appear to play a moderate role in the etiology of 

depression [Kaelber et al. 1995 in (Beckham and Leber 1995)].   

Income per se does not seem to be a significant determinant of the risk of depression, but in 

association with other factors (e.g., public assistance) is correlated with higher risk (Eaton 

et al. 2001).  Individuals with low socio-economic status (SES) have higher odds of being 

depressed, but chronicity is a more important factor than incident episodes.  Education and 

income affect the risk of depression in a dose-response fashion.  Even with the differences 

in measurement, time and place of inequalities, and measures of SES, there is evidence of 

inequalities in depression (Lorant et al. 2003).  Of particular interest are risk factors 

associated with particular diseases (e.g., HIV/AIDS), and unemployment.  Prevalence of 

MDD is higher in clinical settings, implying high co-morbidity; depression is also 

associated with worse clinical outcomes including higher death rates, and higher suicide 

rates.  A meta-analysis of the literature finds that HIV-positive individuals have a higher 

risk for MDD (Ciesla and Roberts 2001).  Unemployment is correlated with depression, but 

the directionality of the relationship is less clear.  Unemployed individuals are more likely 
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to develop and report depression; but conversely, depressed individuals are less able to find 

and keep a job (Rodriguez, Frongillo, and Chandra 2001). 

Depression may be a preventable disease.  Kaelber et al. [in (Beckham and Leber 1995)] 

summarize plausible protective factors against major depression as follows: extended 

education, being employed, financial stability and prosperity, effective health care delivery 

systems, education of general practitioners regarding depression.  Thus, interventions 

appropriately targeted to those factors have a higher chance of success in protecting against 

depression.  For example, since women with low socio-economic status are at a particularly 

high risk for depression, to implement preventive policy in that group, more screening may 

be required to target interventions.  Similarly, the “stress-buffering” theory argues that 

certain resources are particularly important to prevent depression; among those are: 

availability of a confidant, the presence of weak ties (or social capital), as well as financial 

resources that facilitate access to information and treatment (Brown and Harris 1978). 

More research is needed to disentangle the role of depression as a predictor and aggravator 

of other diseases, including HIV.  For example, depression influences immunity and HIV 

disease progression by affecting killer lymphocytes --a specific underlying mechanism 

through which depression affects morbidity and mortality (Cruess et al. 2003).  Further 

research is warranted also to uncover the relation between labor market outcomes and 

depression in HIV/AIDS populations.  Although a meta-analysis of HIV infection and 

depression (Ciesla and Roberts 2001) concludes that HIV infection is associated with a 

greater risk for major depressive disorder, future research needs to investigate what factors 
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account for resilience against depression in this population, including copying mechanisms, 

hardiness, and social/emotional support.  Furthermore, expanding on studies that explore 

the risk of unemployment and depression (Marcotte, Wilcox Gok, and Redmon 1999), it 

would be of interest to analyze these relationships in HIV-positive populations.   

Depression is a treatable disease: medication, cognitive-behavioral therapy and expansion 

of social support systems are effective mechanisms to treat depressed individuals.  This 

paper concentrates on antidepressants as an effective pharmacological treatment for 

depression (National Institute of Mental Health (NIMH) 2002).  Until the late 1980s, 

tricyclic antidepressants (TCAs) were the first line of treatment for major depression.  The 

majority of these medications affected two chemical neurotransmitters, norepinephrine and 

serotonin.  Although they are as effective in treating depression as the newer 

antidepressants, tricyclics (such as imipramine, amitriptyline, nortriptyline, and 

desipramine) have more serious side effects; thus, they are only used as second or third-line 

treatment.   People who do not respond to other anti-depression treatments tend to use 

monoamine oxidase inhibitors (MAOIs) such as phenelzine (Nardil), tranylcypromine 

(Parnate), and isocarboxazid (Marplan). 

Since the early 1990s, there has existed a new class of antidepressants that are as effective 

as the older ones, but that have fewer side effects.  This particular type of drug affects only 

one neurotransmitter: serotonin.  Thus, they are called selective serotonin reuptake 

inhibitors (SSRIs).  SSRIs have become some of the most widely prescribed drugs; these 

include fluoxetine (Prozac), sertraline (Zoloft), fluvoxamine (Luvox), paroxetine (Paxil), 
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and citalopram (Celexa).  In the late 1990s, another class of medications was developed 

that affects both norepinephrine and serotonin (like trycyclics) but also with fewer side 

effects.  Some of these “other” antidepressants include venlafaxine (Effexor) and 

nefazadone (Serzone).  Newer medications that are chemically different to the other 

antidepressants are the sedating mirtazepine (Remeron), and bupropion (Wellbutrin) 

(National Institute of Mental Health (NIMH) 2002).  (See Appendix C for a complete list 

of antidepressants).  

Although effective anti-depression treatment exists, it is not always administered for a 

variety of reasons; implying worse clinical outcomes and overall higher costs.  A 

significant portion of persons living with HIV may be under-diagnosed and under-treated 

for major depression.  A study using data from 1,140 HCSUS patients with medical records 

found that 448 patients (about 37 percent) had Composite International Diagnosis Interview 

(CIDI)-defined major depression, and of these, 203 patients (45 percent) did not have a 

diagnosis of depression documented in their medical record.  Having less than a high 

school education and outpatient visits were associated with a missed depression diagnosis 

(Asch et al. 2003).  After controlling for socio-economic and clinical characteristics, 

treatment with antidepressants is associated with a 24 percent reduction in total health care 

costs.   Furthermore, depressed patients living with HIV and treated with antidepressants 

are more likely than untreated individuals to receive appropriate care for HIV disease 

(Sambamoorthi et al. 2000). 



 

 12

2.3 Labor Market Issues 

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 percent with 

no disorder, to 73.7 percent 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, a randomized controlled trial (Schoenbaum 2002) demonstrated that 

appropriate depression treatment has a positive effect on clinical status and employment.   

The study found that patients exposed to the appropriate care had lower rates of depression, 

and higher rates of employment.  However, these results have not been replicated in 

minority populations; nor has the intervention been tried in chronically-ill patients (such as 

persons living with HIV). 

An econometric work (Auld 2002) analyzed employment outcomes in an HIV-positive 

population using longitudinal data from a clinic in Calgary, Canada.  The research 

examined how much of the correlation between labor market and health outcomes is due to 

loss of productivity and disutility by poor health, and how much is due to lower life 

expectancy.  Changes in current health (measured by CD4 cell count) were strongly 

associated with labor supply.  Similarly, a decrease in the subjective life expectancy (i.e., 
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receiving an HIV-positive diagnosis, and subjectively revising one’s potential length of 

life) had a large effect on the probability of employment.  Adjusting for health status and 

other characteristics, knowing the HIV diagnosis decreased the probability of employment 

by 25 percent.   

2.4 Conceptual Framework  

According to the basic model of labor supply (Killingsworth 1983) a person’s decision of 

whether or not to work (i.e., to participate in the labor market), and how many hours per 

week to work (i.e., how much labor to supply) is affected by a number of factors including: 

age, race, education, marital status, the market wage, non-earned income (or assets), and 

the general state of the economy.   In particular, the decision to work for women is also 

affected by the number of young children living at home, and the partner’s or spouse’s 

labor market characteristics (employment status, and wages) (Killingsworth and Heckman 

1986; Mroz 1987).   

The basic model of labor supply can be modified to account for health status (Currie and 

Madrian 1999) and more specifically for improved health due to treatment.  Assume that 

individuals derive utility from consumption, leisure, and improved health due to treatment 

(T) as follows:  

U = U (C, L, T). 

Assume also that hours worked (H) are a function of wage (W) and non-labor assets (N):   

H = α + β W + γ N 
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 The time constraint equation is:  

τ = L + H + T 

where total hours (τ) in a day can be divided into leisure (L), hours worked (H), and time 

seeking medical care or treatment (T).  The monetary budget constraint is: 

W.H + N = C +  P.T 

where the price for the consumption good has been normalized to unity, and P is the price 

for medical treatment.    

First order conditions in this simple model imply that at an optimum, marginal utility of 

consumption equals both the marginal utility of treatment and of leisure, normalized by the 

wage rate.  Assuming that treatment is a normal good, as P decreases the demand for T will 

increase.  Comparative static analysis, however, shows an ambiguous effect of a reduction 

in price P on the number of hours worked, H.  The final effect will be determined by the 

magnitude of the substitution and income effects.     

To illustrate the case of an HIV-positive person, consider what happens 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 is 

that effective treatment for HIV disease and depression can reverse that trend.   
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Figure 1 summarizes how HIV and depression treatment affect labor market outcomes.  

After an initial early diagnosis, a period of asymptomatic infection follows.  During this 

period, labor supply does not change due to HIV or HIV-related illness, but only as a result 

of a revised (subjective) life expectancy following diagnosis.  If AIDS develops (or 

alternatively, if CD4 count decreases below 200 cells/mm3 or virus load (HIV RNA) 

increases over certain threshold such as one million copies per ml.), HAART becomes 

necessary.  Moreover, in the presence of depression, HAART alone may not lead to 

optimal clinical and employment outcomes. 

Since HIV-positive individuals are at higher risk of depression (Ciesla and Roberts 2001), 

for the empirical portion of this 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”; a 

cutoff above 22 is a more stringent measure of likely depression.  Since some HIV-positive 

individuals with low CD4 cell counts can perform normally any mental or physical work-

related activity, two multi-item scales are used as productivity-related measures to 

complement CD4 cell count levels: 

• Items 1-12 in the SF-36 that assess limitations in physical activities because of 

health problems (Ware and Sherbourne 1992) for the men’s data; and 

• Quality of life index (Bozzette et al. 1995) for the women’s data. 
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The advent of HAART has 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 has 

been effective in improving clinical outcomes, but it has also affected 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, the empirical study that follows 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.   

The measure of the treatment effect is one where exposures to HAART plus 

antidepressants are compared to HAART alone.  The working hypothesis 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 the employment probability. 

The overall objective of this paper is thus to examine whether the use of antidepressants 

has an impact on the employment of HIV-positive women and men who use HAART. 
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C h a p t e r  T h r e e  

3. DESCRIPTION OF THE DATA 

 

This chapter describes the data used to test whether antidepressant use affects the 

probability of employment for women and men in the U.S. during the HAART era. 

3.1 WIHS Study Participants and Data 

This paper uses data from the Women's Interagency HIV Study (WIHS) to test whether 

antidepressant use affects the likelihood of employment for women receiving HAART.  

WIHS is an on-going, multi-center, prospective cohort study started in 1994 to carry out 

comprehensive investigations of the impact of HIV infection in women.  A total of 3,768 

women have been enrolled (2,793 HIV+; and 975 HIV-); about 80 percent of them are 

from racial/ethnic minority groups.  The sites are located in: Bronx, NY; Brooklyn, NY; 

Chicago, IL; Los Angeles, CA; San Francisco, CA; and Washington, DC.  WIHS is the 

longest-running HIV cohort study for women in the U.S. Visits are scheduled twice per 

year.  A detailed description of study methods and rationale for the cohort has been 

presented elsewhere (Barkan et al. 1998).   

The present analysis uses WIHS data collected from April 1st, 1996 (when protease 

inhibitors (PIs) first became commercially available) through September 30th, 2004.  

Women eligible for this study were HIV-positive, between the ages of 18 and 65 years, and 

for each observation analyzed, they had been using HAART since the previous calendar 
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visit.  A total of 1,838 women fulfilled all these eligibility criteria at baseline.  They 

contributed a total of 12,727 person-visits and had a median follow-up time of 3.72 years. 

The 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%).  

3.2 MACS Study Participants and Data 

This paper uses data from the Multicenter AIDS Cohort Study (MACS) to test whether 

antidepressant use affects the employment probability for men receiving HAART.  The 
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MACS is an on-going prospective cohort study of the natural and treated histories of HIV-1 

infection in gay and heterosexual men in Baltimore, MD; Chicago, IL; Pittsburgh, PA; and 

Los Angeles, CA.  A total of 6,973 men have been enrolled since April 1984.  MACS is 

one of the oldest and longest-running HIV studies in the United States [See (Kaslow et al. 

1987) for an overview of the original cohort description and its rationale].   

The current analysis uses MACS data collected from April 1st, 1996 through September 

30th, 2004.  Men eligible for this study were: HIV-positive; between the ages of 18 and 65 

years; and for each observation analyzed, they had been using HAART since the previous 

calendar visit.  A total of 1,221 men fulfilled all the eligibility criteria at baseline.  They 

contributed a total of 8,188 person-visits and had a median follow-up time of 3.52 years. 

The definition of HAART in the MACS was guided by the DHHS/Kaiser Panel 

(DHHS/KFF 2005) guidelines and defined as: (a) two or more NRTIs in combination with 

at least one PI or one NNRTI (89% of MACS observations classified as HAART); (b) one 

NRTI in combination with at least one PI and at least one NNRTI (6%); (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 (4%), 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. 
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C h a p t e r  F o u r  

4. ANALYTICAL METHODS 

 

This paper uses a comparison of “naïve” to instrumental variables regressions to test 

whether antidepressant use affects the probability of employment for HIV-positive men and 

women who are taking HAART.  The dependent dichotomous variable was current 

employment (0=no; 1=yes), and the main explanatory dichotomous variable was use of 

antidepressants since last visit (0=no; 1=yes).   

Estimating the employment effect of antidepressant use was complicated by endogeneity 

due to selection bias (or selection by indication) due to observable and unobservable 

variables.  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, or local area characteristics.  The systematic but 

measurable differences that exist between treated and non-treated groups are often called 

“selection on observables.”  Other source of bias are due to unobservable factors that affect 

both the outcome and the explanatory variable; that is, some unmeasured factor, such as 

resilience or ability to cope, could enable participants to continue working and at the same 

time make them be less likely to be depressed. 

To address these biases, we used an instrumental variables (IV) approach.  The IV 

approach is a general method to address endogeneity originally developed in the economics 
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literature several decades ago (Angrist and Krueger 2001), but more recently being applied 

in other fields as well (Angrist, Imbens, and Rubin 1996; Greenland 2000; Harris and 

Remler 1998; Moffitt 2005).  Methods for correction of selection bias in the mental health 

literature have been applied in recent years also (Crown et al. 1998; Lu 1999; Salkever et 

al. 2004; Salkever, Slade, and Karakus 2006).  The basic method applied involves two-

stage least squares (2SLS).  The first stage estimates the observed treatment choice, and the 

second stage predicts the outcome variable of interest.  Successful application of this 

method requires an instrumental variable that is both valid and relevant.  For an instrument 

to be relevant it needs to be highly correlated with the treatment choice; to be valid, it 

cannot have direct effect on the outcome (Cameron and Trivedi 2005; Greene 2003; 

Wooldridge 2002).   

4.1 Linear Probability Model 

First, we applied a linear probability model using a binary outcome and a binary treatment 

variable (Heckman 1978; Heckman and MaCurdy 1985).  The empirical equations in this 

framework were:   
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where for individual i at time t, Y is the outcome of interest (current employment), T is the 

treatment variable (antidepressant use), X is the covariates vector, Z are instrumental 

variables, and ε and υ are error terms.  Under the random effects (RE) model, the individual 

term αi is assumed to be uncorrelated to the covariates vector X, so that the conditional 
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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).  

Under fixed effects, we estimated the following model: 
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where the symbol “∆” represents, the first difference, or a change in a variable from time t 

to time t+1.  We assumed in the last model that equations (1) and (2) contain fixed effects 

for each individual, which can potentially be correlated with Ti but that cancel out in the 

first-differencing approach.   

In the empirical estimation that follows for the WIHS and MACS, under fixed effects, the 

X covariates 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 (for the 

WIHS) and the physical health component of the SF-36 (for the MACS).  In addition, X 

contains local area labor market characteristics including the unemployment rate, and 

average real weekly earnings at the Metropolitan Statistical Area (MSA) level, and the 

adult employment ratio at the State level (see Appendix D).  The hypothesized channels for 

the treatment effect should 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.   



 

 23

Under random effects, in addition to the time-varying control variables detailed above, X 

contains the following variables for the WIHS: age at visit; 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 addition, to control for 

specific thresholds marking either the probable presence of depression, or AIDS, we used 

dummy indicators for whether the participants ever during the period of observation had a 

CES-D score above 22, a CD4 cell count below 200, or a viral load at or above one million 

copies of HIV RNA per ml.  The RE covariate vector was similar for the MACS, except 

that instead of high school graduate, it used a binary indicator for postgraduate degree, and 

it did not include data on minor children or spouse/partner living with the participant.  To 

control for AIDS-defining CD4 cell count was particularly important in the current context 

because such threshold may enable participants to obtain disability insurance.    

We first compared the results from “naïve” ordinary least squares (OLS), where 

antidepressant use was assumed to be exogenous, to the results we obtained using 

instrumental variables in a two-stage least squares (2SLS) model.   

4.2 Non-Linear Model 

Second, we estimated a non-linear logit model with a binary endogenous variable.  It would 

be tempting to use a two-step procedure in the non-linear case; that is, try to estimate the 

two-stage predictor substitution (2SPS), which is a direct extension of the linear two-step 

method (Amemiya 1975; Terza 2005).  To implement the 2SPS we would first run a first-

stage regression of the treatment choice on the covariates vector and the instruments; and 
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then we would fit a non-linear model (such as probit or logit) by regressing the outcome 

variable on the predicted treatment (from the first-stage) and the covariates vector.  

However, this approach would produce inconsistent estimates (Bhattacharya, Goldman, 

and McCaffrey 2006; Wooldridge 2002).  Instead, we used an alternative procedure that 

produces consistent results: the two-stage residual inclusion (2SRI) (Nagelkerke et al. 

2000; Rivers and Vuong 1988; Terza 2005).  As suggested by Wooldridge (2002) (pg. 

474), we first ran a linear regression of the treatment on the covariate vector and the 

instruments; then, we estimated the residuals from this first stage equation.  Next, we used 

those residuals as additional regressors in a logit regression of the outcome on the 

endogenous treatment, residuals from first stage, and covariates.  This approach was first 

suggested in the non-linear context by Rivers and Vuong (1988) as a test for exogeneity in 

the treatment equation.  The same two general assumptions about the error terms apply as 

in the linear case (i.e., fixed effects and random effects); as well as the empirical 

specification of the covariates vector.   

4.3 Dynamic Models 

Third, because current employment is likely to be influenced by the employment 

experiences in previous periods, we also used dynamic models for the employment 

probability.  In a first-order autoregressive or AR(1) model, we assumed that the current 

period error term was a stationary, non-auto-correlated (“white noise”) process, ut; with ρ 

as a parameter to be estimated.  Thus, the structure of the error term was characterized as 

follows: ttt u+= −1ρεε .  Furthermore, we assumed that:  
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stifuuanduEuE stutt ≠=== 0],cov[][0][ 22 σ  

By repeated substitution, it can be shown that each disturbance ε was a function of the 

entire history of error terms u, where the most recent observations had a higher weight.  

The stationarity assumption that |ρ|<1 was also necessary (Greene 2003).  As in the linear 

probability model, we compared the naïve estimates, with an instrumental variables 

approach.  In addition, to obtain consistent dynamic estimates with more lags, we used a 

generalized method of moments (GMM) technique, where the differences in the lagged 

dependent variables were instrumented with levels and differences of the predetermined 

variables (Arellano and Bond 1991).  In particular, the model was estimated consistently 

via first-differences as follows: 

Ttxxyyyy tiittiittititiit ,...,2);()'()( 1,1,2,1,1, =−+−+−=− −−−−− εεβρ  

where we used  yi,t-2 (i.e., in levels) and ∆ yi,t-2 (i.e., first differences) as instruments for (yi,t-1 

– yi,t-2), as well as levels and first differences of the lagged exogenous variables.  The 

assumptions for validity and relevance in this context were as follows: 
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However, note that the Arellano-Bond estimator is consistent only when we have at least 

three lagged observations of the dependent variable for each individual in the panel 

(Cameron and Trivedi 2005).  Furthermore, the endogenous treatment effect of interest was 

added to this methodology.  Specifically, we first ran the first-stage linear regression of 
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antidepressant use with fixed effects.  Then, we predicted the treatment choice; and finally 

used that prediction in the second stage Arellano-Bond estimation for the employment 

probability.   

Analyses were conducted using STATA ™ (Statistical Data Analysis, Special Edition, 

Version 9.1, College Station, Texas). 

4.4 Instrumental Variables 

To construct the instrumental variables for antidepressant use (listed in Appendix Table A), 

we used data on Medicaid drug reimbursement information for outpatient drugs.  The data 

is available for drugs purchased on or after January 1, 1991, by State Medicaid agencies as 

reported to the Centers for Medicaid and Medicare Services (available on-line at: 

http://www.cms.hhs.gov/medicaid/drugs/drug5.asp ).  We downloaded the quarterly data 

files for the relevant States (California, District of Columbia, Illinois, Maryland, 

Pennsylvania, and New York) and the District of Columbia, for the relevant years (1996-

2004).  The data files contain prescription drugs claims and provide data on payments made 

to pharmacies and similar health care providers for drugs covered by Medicaid.  Each claim 

contains an eleven-digit National Drug Code (NDC), brand or generic drug name, number 

of units of the prescription, and the date of the prescription was filled.  We coded the 

reimbursements for antidepressants by antidepressant class: tricyclic antidepressants 

(TCAs), monoamine oxidase inhibitors (MAOIs), selective serotonin reuptake inhibitors 

(SSRIs), and other, using Food and Drug Administration (FDA) product registration name, 

and chemical compound for classification (see list in Appendix Table C).  To normalize 

some of the variables, we used the number of unique Medicaid beneficiaries who received 
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at least one covered service during the year (derived from the Medicaid Statistical 

Information System (MSIS) State Summary Datamart, Centers for Medicare and Medicaid 

Services (available on line at: http://msis.cms.hhs.gov/ ). 

We tested all the instruments for relevance (i.e., to see if they affected the probability of 

receiving antidepressant treatment).  In particular, we ran first-stage regressions, to see if 

the coefficient estimates for the instruments were strongly significant and of the expected 

sign, controlling for all individual characteristics and local area labor market variables 

under both fixed effects and random effects.  Also, model specifications with two or more 

instrumental variables were tested for validity (i.e., to see that the instruments were not 

directly correlated with the outcome variable).  We conducted Hansen-Sargan exogeneity 

tests with null hypotheses that the instruments were valid (See Appendix E).   

The rationale for using Medicaid-related instrumental variables was based on the premise 

that antidepressants in general, and serotonin reuptake inhibitors (SSRIs) in particular, 

became more widely used since the early 1990s (Tsuang and Tohen 2002).  Modifying 

previous work in mental health treatment analyses, particularly for newer treatments for 

schizophrenia (Domino, Frank, and Rosenheck 2003; Salkever et al. 2004; Salkever, Slade, 

and Karakus 2006), we viewed these IVs as measures of the diffusion in pharmacological 

anti-depression treatment decisions State-wide.   

We hypothesized that WIHS and MACS participants had a higher chance of receiving 

antidepressants in States with higher volume of antidepressant prescriptions per Medicaid 

beneficiary; or that they were more likely to receive SSRIs in States where the percentage 
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of SSRI prescriptions was higher.  In other words, the treatment probability increased for 

WIHS and MACS participants as Medicaid reimbursement programs became more 

generous, and faster in adopting antidepressants, particularly SSRIs.  Several reasons may 

explain this phenomenon.  First, as physicians learned of wider coverage for 

antidepressants in general and SSRIs in particular, they may have started to prescribe them 

more.  Second, peer effects exist in diffusion; thus, as some patients started receiving 

prescriptions for antidepressants, other patients learned about it and asked their own 

doctors in turn for prescriptions.  Third, pharmaceutical companies might have also 

increased their advertisement, marketing efforts, and doctor’s visits as the newer SSRIs and 

other antidepressants became available in the Medicaid reimbursement lists.   

The variation across States and across time in terms of the coverage of antidepressants 

helped us to identify the treatment effect.  Figure 2 shows the variation in the uptake of 

SSRIs in the relevant State Medicaid programs in terms of volume of SSRI prescriptions as 

percentage of the total volume of Medicaid prescriptions for the period 1996-2004.  From a 

low of about 20 percent for the State of California in 1996, SSRI prescriptions as 

percentage of total antidepressant Medicaid prescriptions increase to a high of close to 60 

percent for the District of Columbia in 2004.  The percentages increase for all States in a 

slightly concave (downwards) function over time.  The differences at the State level in the 

timing of uptake and diffusion of antidepressants, as well in the generosity of the different 

State Medicaid programs helped us to predict whether an individual was more likely to 

receive treatment, in conjunction with other site-specific and individual characteristics.   
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A priori the validity of the instruments (i.e., independence from the outcome of interest) 

was argued based on the relative sizes, as well as the degrees of separation between the 

study subjects and the State Medicaid policies.  The total WIHS and MACS study sample 

sizes at each site are small compared to the overall Medicaid State populations; hence, 

there was no reason to expect that State-wide Medicaid decisions should have been based 

on the specific needs of the (comparatively few) WIHS and MACS participants.  In 

particular, there seemed to be no plausible reason to believe that Medicaid prescription 

coverage for antidepressants would affect the labor market outcomes of the individuals in 

the samples (once we controlled for antidepressant use).  Appendix B presents the total 

number of Medicaid beneficiaries for the relevant States for years 1996-2004.  Note that 

the variation in Medicaid beneficiaries for these States is large, going from about 143,000 

individuals in the District of Columbia in 1996, to about 9.3 million in the State of 

California in 2004.  On the other hand, recall that the total number of participants for all 

sites for the WIHS and MACS cohorts is a total of 3,768 and 6,973 respectively; and that 

we analyzed only a subset of those populations.   

Unobservable respondent characteristics may be only weakly correlated with the overall 

State-level Medicaid program statistics since the number of people in the Medicaid 

program is so large relative to the number of respondents in the study.  Finally, it seemed 

very unlikely that respondents’ unobserved proclivities to seek depression treatment would 

have induced them to relocate to States where there were relatively more Medicaid 

beneficiaries receiving antidepressants. 
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The specific aims of this research work were thus as follows: a) to suggest Medicaid-

related instrumental variables that can serve as predictors of antidepressant use, 

independently of employment outcomes; b) to test these instrumental variables for validity 

and relevance for a sample of women and men; c) to estimate the effect of antidepressant 

use on the employment probability of women and men living with HIV; first assuming 

exogeneity of treatment, and then using instrumental variables; and d) to assess the 

magnitude and direction of the selection bias.  
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C h a p t e r  F i v e  

5. EFFECT OF ANTIDEPRESSANT USE ON EMPLOYMENT FOR THE 

WOMEN’S INTERAGENCY HIV STUDY 

 

This chapter presents the results found testing the effect of antidepressant use on the 

employment probability for women living with HIV and using HAART.   

5.1 WIHS Descriptive Statistics 

Table 1 shows the descriptive statistics for the WIHS sample at baseline.  Baseline here 

was defined as the first visit for which a participant was: a) on HAART since the last 

calendar visit; and b) had any CES-D score at the previous calendar visit.  At baseline, 28.7 

percent of the participants were employed (i.e., responded “yes” to the question: “Are you 

currently employed?”), and 13.7 percent of the participants were taking antidepressants 

(i.e., responded “yes” to the question: “Have you taken antidepressants since the last 

visit?”).  Although 62.7 percent of the participants had finished high school, only 7.6 

percent completed four years of college.  The predominant racial group of the sample was 

African American (53.2 percent), followed by Hispanic (28.7 percent), and Caucasian (15.2 

percent).  About 57 percent of participants lived on less than $12,000 per year; 58.6 had 

Medicaid (or Medi-Cal for California residents) insurance; and 8.3 had Medicare insurance 

(for reasons other than being a senior citizen since the sample was restricted to those age 65 

and below).  About 61 percent of participants had a detectable level of viral load (above 80 

copies of HIV RNA per ml).  WIHS participants were distributed across the six study sites 
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as follows: Bronx, NY (20.8 percent); Brooklyn, NY (15.7); Washington, DC (14.3); Los 

Angeles, CA (21.5); San Francisco, CA (13.9); and Chicago, IL (13.7 percent).   

The mean age of the participants at baseline was 37.4 years (with a minimum of 18 and 

maximum of 65).  Participants had an average of 0.5 children (ages 18 or younger) living 

with them (with a range from zero to 10).  The mean CES-D (depression score) at baseline 

was 16 (which is traditionally the cutoff for likely depression).  The average quality of life 

index was 66; and the average CD4+ cell count of 397.  In terms of constructed variables: 

at the metropolitan statistical area (MSA) level, the unemployment rate stood at 5.5 

percent, and the mean earnings were $392 per week; at the State level, 62 percent of the 

non-institutionalized population (16 years and over) were employed.  The main 

instrumental variable used in the WIHS analysis (z3: volume of SSRI prescriptions as 

percentage of total volume of Medicaid antidepressant prescriptions) had a mean of 42 

(with a minimum of 20 and a maximum of 75).   

We first analyzed the longitudinal data graphically.  Figure 3 shows the percentage of 

participants who were employed at each visit; and the percentage of participants who were 

taking antidepressants at each visit.  In general, there was an increasing pattern for both 

variables in the cohort over the follow-up time.  The range for the percentage of women 

employed at each visit increased from 28.7 at baseline to a high of 42.9 at the 15th eligible 

(i.e., where at each observation HAART had been used since the previous calendar visit).  

The percentage of women using antidepressants over the follow-up period was lowest (13.7 
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and 13.3 percent) at the first two visits; and starting at the 8th visit, it fluctuated between 20 

and 18 percent.   

 

Figure 4 shows the trends for employment and use of antidepressants over the follow-up 

period for a restricted (“likely depressed”) sample of WIHS participants, for whom the 

CES-D score was greater than 22 at every previous calendar visit.  That is, baseline was 

redefined to fulfill the following criteria: a) participants were using HAART since the 

previous calendar visit; and b) they had CES-D>22 at the previous calendar visit.  We can 

see that there was a general increasing pattern for antidepressant use, and a slightly 

decreasing pattern for employment.  The percentage of women taking antidepressants 

increased from 20.35 at baseline (the first observation with a previous calendar visit at 

which CES-D>22) to 25.47 percent at the fourth observation (i.e., the fourth time we 

observed the same participant with a previous calendar visit at which CES-D>22).   On the 

other hand, the percentage of women employed decreased from 21.80 percent to 17.72 

between the first and the fourth observations (also defined as observations with a previous 

calendar visit at which CES-D>22).  We did not report any cell with less than 30 

observations.   

 

Note that in comparison to the full study sample, the “likely depressed” group, as it would 

be expected, had a higher rate of antidepressant use; but it also exhibited lower rates of 

employment.  Hence, initial analysis of the raw data suggests that at least for the “likely 

depressed” group antidepressant use was correlated with lower employment.  In addition, 
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the simple correlation coefficient between the outcome and treatment variables for the full 

study sample was -0.0744.  A simple linear regression (assuming random effects) of 

outcome on treatment resulted on a coefficient of -.028.  These preliminary analyses are 

likely to be affected by selection bias and endogeneity.  Thus, we move on to explore the 

use of instrumental variables to predict a more independent measure of treatment.   

 

5.2 WIHS First Stage Regressions 

Table 2 shows first stage regressions with FE assumptions for models with all the 

instrumental variables based on volume of Medicaid antidepressant prescription claims.  

All the coefficients on the instruments (2)-(4a) were positive and highly significant, with t-

statistics well above three.  Since z3 had the highest t-statistic (8.23), we now describe the 

results from that model to understand the determinants of antidepressant use.  Note also 

that z4 had the second highest t-statistic (6.24), and so we will use this IV later as well.   

In column (3), the coefficient on the IV3 (z3) was positive and significant; for every 10-

point increase in z3, the probability of using antidepressants increased by six percentage 

points.  The CES-D in the previous period was a positive and significant determinant of use 

of antidepressants since the last visit; for every 10-point increase in the previous visit CES-

D, the probability of using antidepressants since the last visit increased by 1.2 percentage 

points.  Moreover, for every percentage point increase in the unemployment rate, the 

likelihood of using antidepressants increased by 1.29 points; and for every 10-point 

increase in the adult employment ratio, the probability of antidepressant use increased by 

10.81 percentage points.   
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Table 3 shows first stage models of the treatment (i.e., use of antidepressants) using RE 

assumptions.  As before, note that the coefficients on the instrumental variables (2)-(4a) 

were positive and significant, with t-statistics well above three.  The coefficient with the 

highest t-statistic was again z3 (7.04), followed by z4 (5.86), and then z4a (5.41).   

Column (3) shows the results from the first stage IV, RE model.  The coefficient on the 

instrument z3 was positive and significant.  As the coverage of SSRI as percentage of total 

Medicaid antidepressant prescriptions increased by 10 points, the probability of using 

antidepressants for WIHS participants increased by five percentage points.  Other factors 

that increased the propensity of using antidepressants were: CES-D score at the previous 

visit; ever having a CES-D score>22; the adult employment ratio; being in the Bronx, NY 

or San Francisco, CA (as compared to Chicago, IL).  A ten-point increase in the CES-D 

increased the likelihood of use of antidepressants by one percentage point.  Ever having a 

CES-D score>22 increased the probability of treatment by 7.98 percentage points.  For 

every 10-point increase in the adult employment ratio at the State level, the individual 

probability of antidepressant use increased by 9.06 percentage points.  Being in the Bronx, 

NY or in San Francisco, CA increased the treatment likelihood by 6.58 or 11.34 percentage 

points respectively when compared to Chicago, IL. 

Variables that decreased the treatment probability were: minority race, minor children, and 

quality of life index.  Being African American decreased the probability of using 

antidepressants by 11.24 percentage points; and being Hispanic did so by 9.91 percentage 
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points (in comparison to the reference group: Caucasian participants).  Living with an 

additional minor reduced the propensity to use antidepressants by about 1 percentage point.   

5.3 WIHS Linear Probability Model Results 

Table 4 presents a linear probability model of employment showing the regression 

coefficients and their standard errors [in brackets].  The dependent variable was current 

employment.  In the naïve OLS model, antidepressant use was assumed to be exogenous.  

In 2SLS IV models, use of antidepressants since last visit was instrumented using 

instrumental variables z3 and z4.   

The first two columns of Table 4 show results from “naïve” random effects and fixed 

effects regressions under the exogeneity assumption.  Under the naïve RE model, 

antidepressant use had a negative coefficient, which was not significant.  Under FE model, 

the antidepressant use coefficient was slightly positive, but also not significant. On the 

other hand, in the last four columns, once we used the instrumental variables z3 and z4 to 

address some of the selection bias, the effect of antidepressants on employment was 

positive and significant under two models: IV3RE and IV4FE.   

In column (3), in the two-stage least squares, random effects model (IV3RE), the 

employment probability was 43.96 percentage points higher for a participant who used 

antidepressants compared to one who did not.  Five other significant factors in this model 

increased the employment probability: high school graduation, husband or partner living 

with the participant, 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).  Four variables 
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negatively impacted the employment probability: age squared, CES-D at the previous visit, 

being a participant in the Bronx, NY, or in San Francisco, CA.  Specifically, employment 

increased by 14.07 percentage points if the participant was a high school graduate; and it 

did so by 3.19 points if the participant lived with a husband or a partner.  It also increased 

by 4.22 percentage points for each 10-point increase in the quality of index in the previous 

period; and it increased by 1.14 percentage points for each additional 100-cell increase in 

the CD4+ cell count at the previous calendar visit.  When compared to Chicago (the 

reference site), participants in Washington DC had an 11.50 percentage-point higher 

employment probability.  On the contrary, for each 10-point increase in the CES-D score at 

the previous calendar visit, the employment probability decreased by 2.5 percentage points.  

Compared to Chicago, participants in the Bronx had a 14.85-percentage-point lower 

employment probability; and those in San Francisco, CA had a 8.51-percentage-point 

lower probability of employment. 

In column (6), under the IV4FE model, the employment probability was 44.89 percentage 

points higher for a participant who used antidepressants versus one who did not.  The other 

significant factor in this model was the quality of life index at the previous calendar period.  

For each 10-point increase in the quality of index score, the employment probability of 

women living with HIV and using HAART increased by 1.61 percentage points.   

5.4 Linear Probability Model Specification Test 

A Houseman test for model specification compared the results of the fixed effects model to 

the random effects model.  The former was assumed to be always consistent, while the 

latter could be consistent only if we accepted the null hypothesis that differences in the 
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coefficients were not systematic between the two models.  The covariate vector included 

only the time-varying variables (Cameron and Trivedi 2005).  Comparing FE to RE 

estimated coefficients we obtained χ2 statistics of 138.30, and 26.89 for the OLS and 2SLS 

models respectively (see Appendix F).  Thus, with (seven degrees of freedom), the null 

hypotheses were rejected below the one percent significance level for both OLS and IV 

models.  These tests provided some evidence that the covariates were likely to be correlated 

with the fixed component of the error term, and that the linear RE model may be 

inconsistent.  

5.5 WIHS Non-Linear Model Results  

Table 5 presents results from a non-linear employment probability models; the first two 

columns refer to naïve logit regressions, and the last two columns use instrumental variable 

z3 in a two-step residual inclusion (2SRI) model.  When we assumed that treatment was 

exogenous and ran a logit regression of employment on treatment and the covariate vector, 

we obtained a coefficient of -0.1471 and a marginal effect of -0.0221 for antidepressant 

use; neither result was significant.  That is, in the naïve non-linear model, the effect of 

antidepressant use on employment was negative and insignificant.  On the other hand, in 

the 2SRI, RE logit model, we can see that antidepressant use increased the likelihood of 

employment by 67.88 percentage points (see marginal effects in the fourth column).  Other 

variables that increased the likelihood of employment were: age, high school graduation, 

husband/partner living with participant, quality of life index, CD4+ cell count, and being a 

participant in the Washington, DC site (in comparison to Chicago, IL).  Variables that 

decreased the likelihood of employment were: the residual from the first stage, age squared, 
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worst CES-D ever greater than 22, worst CD4 cell count ever lower than 200, being a 

participant in the Bronx, NY or in San Francisco.   

Specifically, in column (4) we can see that for each additional 10-years of age, the 

participants’ employment probability increased by 24.39 percentage points.  A high school 

diploma increased the likelihood of employment by 17.36 percentage points.  Living with a 

husband or a partner increased the participants’ employment probability by 3.74 percentage 

points.  Each 10-point increase in the previous-period quality of life index increased the 

current employment probability by 5.06 percentage points.  For each 100-cell increase in 

the previous-period CD4+ cell count, the current employment probability increased by 

about 1 percentage point.  Living in Washington, DC (versus Chicago) increased the 

likelihood of employment by 17.65 percentage points.  On the other hand, note that the 

residual from the first stage is significant and of negative sign, which provided evidence 

about the presence of  a negative bias due to endogeneity in the naïve results.  Furthermore, 

the negative coefficient on age squared means that the employment probability function is 

concave (downwards) with respect to age; that is, the probability of employment increased 

first as participants got older, but at a decreasing rate.  If the participant ever had a CES-D 

score above 22, or a CD4 cell count below 200, the employment probability decreased by 

16.34 percentage points, or by 8.2 percentage points respectively.  Compared to living in 

Chicago, living in the Bronx decreased the likelihood of being employed by 15.24 points, 

and living in San Francisco did so by 8.12 points.   
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5.6 WIHS Dynamic Models Results 

Table 6 presents the results from naïve and IV dynamic models for the employment 

probability in the WIHS sample.  In the naïve regressions (1)-(3), antidepressant use was 

assumed to be exogenous.  In the IV regressions (4)-(6), antidepressant use was 

instrumented with z3: quarterly volume of selective serotonin reuptake inhibitor (SSRI) 

prescriptions as percentage of total Medicaid antidepressant prescriptions, at the State level.  

In the first two columns, we can see the results for the naïve first-order auto-regressive, 

AR(1) random effects (RE), and the AR(1) fixed effects (FE) regressions.  The coefficients 

for antidepressant use were negative and not significant.  In the third column, the naïve 

Arellano Bond (AB) estimator resulted in a slightly positive coefficient, which was not 

significant.     

In columns (4)-(6), we present the IV results.  Column (4) shows the results from the 

AR(1) RE model.  The coefficient for antidepressant use since the last visit was strongly 

positive (0.30), but it was not significant.  In the auto-regressive model the following 

variables increased the employment probability: high school graduation, quality of life 

index, the number of the CD4+ cells, and being in Washington, DC (as opposed to 

Chicago, IL).  Factors that reduced the employment probability were: African American, 

CES-D score at the previous visit, ever had a CES-D score greater than 22, and ever had a 

CD4 cell count lower than 200.  Specifically, a high school diploma increased the 

employment probability by 13.86 percentage points.  Per each 10-point increase in the 

quality of life index, the employment probability increased by 1.97 percentage points; and 

it did so by about one percentage point for each 100-cell increase in the CD4+ cell count at 
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the previous visit.  The employment probability of Washington, DC participants was 11.45 

points above that of those of Chicago, IL.  On the other hand, being African American (as 

opposed to Caucasian) reduced the employment probability by 7.25 percentage points.  

Every 10-point increase in the CES-D at the previous calendar visit decreased the 

likelihood of employment by 1.2 percentage points.  If participants had CES-D scores 

above 22, or CD4 cell counts below 200, their employment probability decreased by 13.66 

or 6.68 percentage points.  The employment probability of participants in the Bronx, NY 

was 13.46 points below that of those of Chicago, IL.  

In column (5), the results from the instrumental variable AR(1) FE model also show a 

strongly positive coefficient of antidepressant use on employment (0.2057), but it was not 

significant.  Factors that affected the employment probability in the IV AR(1) FE model 

were: the unemployment rate and the employment ratio.  For every one-point increase in 

the unemployment rate, the employment probability decreased by 2.33 percentage points.  

For every 10-point increase in the employment ratio, the employment probability for the 

WIHS participants increased by 6.33 percentage points.  

Lastly, column (6) estimated an IV Arellano-Bond dynamic panel data coefficient of 

antidepressant use on employment of 0.5529, which was not significant.  The other variable 

that positively impacted the employment probability in the current period was the quality of 

life index.  For each 10-point increase in the quality of life index, the employment 

probability increased by 2.62 percentage points.  Factors that negatively affected the 

current period employment probability were: one-period, two-period, and three-period lags 
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of current employment.  In particular, being employed in the last period, reduced the 

current period employment probability by 34.74 percentage points; being employed two 

periods ago reduced the current period employment probability by 20.72 percentage points; 

and being employed three periods ago, reduced the current employment probability by 

15.25 percentage points.  The results suggest that there was a strong negative state 

dependence for employment.    

Some additional statistics provided in Table 6, column 6, are as follows.  At the bottom of 

the column we can see the results for an AR(1) test; that is, a test that the average 

autocovariance in residuals of first order is zero (i.e., a null hypothesis that there is no 

autocorrelation).  Given a test statistic of -6.77, we rejected the null.  On the other hand, in 

the AR(2) test, we accepted the null that there is no second order autocorrelation.   

 

5.7 WIHS Prior Need Model: LPM Regression Results Revisited 

Table 7 shows the results for a linear probability model where the sample was restricted to 

those participants who: a) had been taking HAART since the previous calendar visit, and b) 

had a CES-D above 22 at the previous calendar visit; thus, suggesting likely depression.  

The first two columns of Table 7 present results from “naïve” random effects and fixed 

effects regressions under the exogeneity assumption.  Under both models, the use of 

antidepressants had a positive but not significant effect on employment.  On the other hand, 

in the last four columns, once we used the instrumental variables approach to correct for the 

selection bias, the effect of antidepressants on employment was strongly positive and 

significant.   
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Under the random effects model, in column (3), note that the first stage regression results 

show a positive and significant result for the instrument (z3).  For every 10-percentage 

point increase in the SSRIs’ percentage of total Medicaid antidepressant prescriptions, the   

probability of using antidepressants increased by 6.8 percentage points.  The likelihood of 

using antidepressants was 22.51 percentage-points lower for African Americans, and 17.08 

percentage points lower for Hispanics (as compared to Caucasian participants).  For every 

10-point increase in the quality of life index, the probability of treatment decreased by 2.86 

percentage points.  On the contrary, for each 10-point increase in the adult employment 

ratio at the State level, the probability of using antidepressants increased by 19.64 

percentage points.  Participants living in the Bronx, NY and San Francisco, CA had 

treatment probabilities that were 14.09 and 15.08 percentage points higher, respectively, 

than those of the comparison group (Chicago, IL).   

Column (4) presents the second stage RE results.  The employment probability was 59.61 

percentage points higher for participants who used antidepressants compared to those who 

did not.  Other significant factors that increased the employment probability in this model 

were: high school graduation (by 8 points), husband or partner living with the participant 

(by 5.29 points), 10-point increments in quality of life index at the previous visit (by 4.34 

points), and 100-cell increments in the CD4 cell count at the previous visit (by 1.13 points).  

The employment probability of Washington DC participants was 15.58 percentage points 

higher than that of those in Chicago. 
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Column (5) shows the results for the first stage FE model.  The instrumental variable, z3, 

was positive and significant.  As SSRIs become more diffused at the State level, the 

treatment probability increases.  For every one percentage point increase in SSRI 

popularity (as a percentage of total Medicaid antidepressant prescriptions), the probability 

of using antidepressants increased by about one percentage point.  In contrast, for every 10-

point increment in the quality of life index, the probability of using antidepressants was 

reduced by 3.34 percentage points.  Column (6) shows the second stage FE model, where 

the employment probability was 52.42 percentage points higher for participants who used 

antidepressants versus those who did not.  Moreover, the employment probability increased 

by 2.68 percentage points for each 10-point increase in the quality of index. 

Having shown the results for the women in the WIHS sample, we now move on to present 

the results for the men in the MACS sample. 
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C h a p t e r  S i x  

6. EFFECT OF ANTIDEPRESSANT USE ON EMPLOYMENT FOR THE 

MULTICENTER AIDS COHORT STUDY 

 

This chapter presents the results of testing whether the effect of antidepressant use on 

employment can be estimated using Medicaid-related instrumental variables for the 

Multicenter AIDS Cohort Study (MACS).   

6.1 MACS Descriptive Statistics 

Table 8 shows the descriptive statistics for the MACS sample at baseline.  Baseline here 

was defined as the first visit for which: a) participants had been taking HAART since the 

previous calendar visit; and b) they had any CES-D score at the previous calendar visit.  At 

baseline, 62.8 percent of the participants were employed (i.e., responded “yes” to the 

question: “Are you currently employed?”); and 25.5 percent of the participants were taking 

antidepressants (i.e., responded “yes” to the question: “Have you taken antidepressants 

since the last visit?”).  This group was highly educated: 93.6 percent of the participants 

finished high school, 46.4 percent completed four years of college, and 16.03 percent had a 

postgraduate degree.  The predominant racial group of the sample was Caucasian (62.8 

percent), followed by African American (22.6), and Hispanic (7.8 percent).  About one 

quarter of the participants lived on less than $10,000 per year; 18.4 percent had Medicaid 

insurance; and 12.9 had Medicare insurance.  About 53 percent of participants had 

detectable levels of viral load (above 80 copies of HIV RNA per ml).  Participants lived in 
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four metropolitan areas: Baltimore (22.4 percent), Chicago (24.4 percent), Pittsburgh (20 

percent), and Los Angeles (33.3 percent).   

The mean age of the participants at baseline was 42.3 years (with a minimum of 19 and 

maximum of 65).  At baseline, the mean CES-D (depression score) was 13 (which was 

below the traditional cutoff for likely depression: 16).  Note also that the median CES-D 

score was 10.  The average SF-36 score for items 3-12 to measure whether the participant’s 

health limited his physical functioning was 82 (where a score of 100 indicates no 

limitations on account of health).  Note further that the median for the physical functioning 

was 95, revealing that this group did not have major physical functioning problems.  The 

average CD4+ cell count of 439 (with a median of 403).  In terms of constructed variables: 

at the Metropolitan Statistical Area (MSA) level, the unemployment rate stood at 5.6 

percent, and the mean earnings were $665 per week; at the State level, 63 percent of the 

non-institutionalized population (16 years and over) were employed.  The main 

instrumental variable used (z4a: SSRI prescriptions per adult Medicaid beneficiary times 

100) had a mean of 19 (with a minimum of four and a maximum of 77).   

We first analyzed the MACS longitudinal data graphically.  Figure 5 shows the percentage 

of participants who were employed at each visit; and the percentage of participants who 

were taking antidepressants at each visit.  In general, there was a constant trend for both 

variables in the MACS cohort over the follow-up time.  The range for the percentage of 

men employed at each visit was from 62.8 at baseline to a high of 72.5 at the 7th visit; and 

again down to 61.1 at the 15th visit, where at each individual observation HAART had been 
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used since the previous calendar visit.  The percentage of men using antidepressants over 

the follow-up period held steady at about 25 percent during the first four visits; and 

gradually increased to 34.7 percent at the 11th visit.  By the 15th eligible visit, 28.8 percent 

of respondents took antidepressants since the previous calendar visit.   

Figure 6 shows the trends for employment and use of antidepressants over the follow-up 

period for a restricted (“likely depressed”) sample of MACS participants, for whom the 

CES-D score was greater than 22 at every previous calendar visit.  That is, baseline was 

redefined to fulfill the following criteria: a) participants were using HAART since the 

previous calendar visit; and b) they had CES-D>22 at the previous calendar visit.  There 

was a U-shaped pattern for employment, and an inverted U-shaped pattern for 

antidepressant use.  The percentage of men employed decreased from 55 percent to 47.2 

between the first and the third observations; and it increased again to 60 percent of 

respondents.  The percentage of women taking antidepressants increased from 45.7 at 

baseline to 54.8 percent at the third observation; and it dropped again to 47.9 percent at the 

fourth observation (for which we observed the same participant with a previous calendar 

visit at which CES-D>22).  We did not report any cells with less than 20 observations.    

 

Note that in comparison to the full MACS study sample, the “likely depressed” group, as it 

would be expected, had a higher rate of antidepressant use (almost doubled at baseline); but 

it also exhibited lower rates of employment.  Hence, analysis of the raw data suggests that 

for the “likely depressed” group, higher use of antidepressants was correlated with lower 

employment rates.  Moreover, the correlation coefficient between employment and 



 

 48

antidepressant use for the full MACS study sample was -0.1923.  A simple linear 

regression (assuming random effects) of outcome on treatment resulted on a significant 

coefficient of -.0662.  Implying that use of antidepressants reduced the likelihood of 

employment by 6.62 percentage points.  These preliminary analyses are likely to be 

affected by selection bias and endogeneity.  Thus, we move on to explore the use of 

instrumental variables to try to predict an independent measure of treatment for the MACS. 

 

6.2 MACS First Stage Regressions 

Table 9 shows first stage regressions with FE assumptions for the MACS models with 

instrumental variables (1)-(4a) derived based on the volume of Medicaid antidepressant 

prescription reimbursements.  All the coefficients on these instruments were positive, but 

only those of z3 and z4a were significant.  The second part of Table 9 presents the first 

stage results for instrumental variables (5)-(8a), which are based on the actual dollar 

amounts reimbursed for Medicaid antidepressant prescriptions.  Most coefficients were 

close to zero, except for z5 and z7 which were slightly negative; none of these IVs were 

statistically significant.   

 

Since z3 had the highest t-statistic (3.09), we advance to describe the results from that 

model to understand the determinants of antidepressant use in the MACS.  In column (3), 

the CES-D in the previous visit was a positive and significant determinant of use of 

antidepressants since the last visit; for every 10-point increase in the previous visit CES-D, 

the probability of using antidepressants since the last visit increased by 1.53 percentage 

points.  Moreover, for every percentage point increase in the unemployment rate, the 
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likelihood of using antidepressants increased by 2.51 percentage points; and for every 

$100-increase in the real weekly earnings at the MSA level, the probability of 

antidepressant use increased by 3.27 percentage points.   

 

The first part of Table 10 shows first stage models of the treatment (i.e., use of 

antidepressants) using RE assumptions.  Note that the coefficients on the instrumental 

variables (1)-(4a) were all positive, but none were significant.  The second part of Table 10 

presents the first stage regressions for IVs (5)-(8a).  As before, this set of IVs based on the 

actual dollar amounts of reimbursements had coefficients close to zero (except for z5 and 

z7 which were slightly negative), and none were significant.  The coefficient with the 

highest t-statistic was again z3 (1.42); thus, we describe that model in detail.   

 

Column (3) shows the results from the first stage IV, RE model.  The coefficient on the 

instrument z3 was positive but not significant.  Factors that increased the propensity of 

using antidepressants were: CES-D score at the previous visit; ever having a CES-D 

score>22; and the unemployment rate.  On the other hand, being African American, and 

living in Chicago decreased the treatment probability.  A ten-point increase in the CES-D at 

the previous visit increased the likelihood of use of antidepressants by 2.74 percentage 

points.  For every one-point increase in the unemployment rate at the MSA level, the 

individual probability of antidepressant use increased by 1.96 percentage points.  Ever 

having a CES-D score>22 increased the probability of treatment by 23.11 percentage 

points.  Being an African American decreased the treatment likelihood by 8.84 percentage 
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points when compared to Caucasian participants.  Living in Chicago decreased the 

likelihood of using antidepressants by 8.28 percentage points when compared to Baltimore. 

 

6.3 MACS Linear Probability Model Results 

Table 11 displays the results of the linear probability model of employment for the MACS.   

The dependent variable was current employment.  In the naïve OLS model, antidepressant 

use was assumed to be exogenous.  In IV models, use of antidepressants since last visit was 

instrumented using instrumental variables z4a and z4a squared.  Under the naïve RE model, 

presented in column (1), antidepressant use had a negative coefficient, which was 

significant.  Under the naïve FE model, in column (2), the coefficient for antidepressant use 

was also negative and significant.  On the other hand, in the last four columns, once we 

used the instrumental variables z4a and z4a squared to address some of the selection bias, 

the effect of antidepressants on employment was positive, but it was not significant under 

either of the two models: RE and FE. 

 

Column (3) shows the first stage results for the IV RE model.  Note that the coefficient on 

z4 squared is significant.  Also a joint test of significance for both z4a and z4a squared 

being zero was rejected at the 5 percent level (result not shown).  However, the negative 

coefficient on z4a was not of the expected sign.  Antidepressant usage was less likely for 

African Americans, who had an 8.40-point lower likelihood of treatment when compared to 

Caucasian participants; and for participants in Chicago, IL, who had an 8.87-point lower 

likelihood of treatment than participants in Baltimore, MD.  Antidepressant usage increased 
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by 2.72 points as the CES-D at t-1increased by 10 points; and it increased by 23.19 points 

if the CES-D was ever above 22.   

 

In column (4), in the RE second stage model, the employment probability was 30.39 

percentage points higher for a participant who used antidepressants compared to one who 

did not; but this effect was not statistically significant.  Two variables, age and the physical 

functioning scale, were significant factors increasing the employment probability.  For 

every 10 additional years in age, the employment probability increased by 29.05 percentage 

points; for every 10-point increase in the health functioning scale, the employment 

probability increased by 1.4 percentage points.  Four variables negatively impacted the 

employment probability: age squared, being African American, CES-D at the previous 

visit, and ever having a CD4 cell count below 200.  The negative coefficient on age 

squared implies that the employment function with respect to age is concave (downwards): 

employment increases with age, but at a decreasing rate.  Participants who are African 

Americans were 13.46 percentage points less likely to be currently employed when 

compared to Caucasian participants.   For each 10-point increase in the CES-D score at the 

previous calendar visit, the employment probability decreased by 2.56 percentage points.  

Participants who ever had a CD4 cell count below 200 had a 20.69-percentage-point lower 

probability of employment compared to those who did not. 

 

Column (5) exhibits the first stage IV FE results.  Neither of the instruments was significant 

on its own right, but a likelihood ratio test of joint significance gave a p-value of 0.0737 
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(see Appendix E); thus the instruments were significant, though they were weak.  CES-D at 

time t-1, detectable viral load at t-1, as well as the unemployment rate and real weekly 

earnings influenced the probability of treatment.  In particular, antidepressant use increased 

by 1.5 percentage points for each 10-point increase in CES-D at time t-1; and it did so by 

2.19 points for every one-point increase in the unemployment rate, and by 3.39 points for 

every additional $100-increment in the real weekly earnings at the local level.  On the 

contrary, antidepressant use decreased by 2.61 points if participants had detectable levels of 

viral load at t-1.    

 

Finally, column (6) shows the second stage FE model where we can see that the 

employment probability was 43.72 percentage points higher for a participant who used 

antidepressants versus one who did not; however, this result was not statistically 

significant.  The only significant factor in this model was the physical functioning score at 

the previous calendar visit.  For each 10-point increase in the physical functioning score, 

the employment probability of men living with HIV and using HAART increased by 7.6 

percentage points.   

 

6.4 MACS Linear Probability Model Specification Test 

A Hausman test for model specification compared the results of the fixed effects model to 

the random effects model for the MACS linear probability model, for both the naïve and IV 

regressions.  The FE model was assumed to be always consistent, while the RE model 

could be consistent only if we accepted the null hypothesis that differences in the 

coefficients were not systematic between the two models.  The covariate vector included 
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only the time-varying variables (Cameron and Trivedi 2005).  Comparing FE to RE 

estimated coefficients we obtained χ2 statistics of 184.66, and 44.31 for the naïve OLS and 

IV 2SLS models respectively (see Appendix F).  Thus, with (seven degrees of freedom), 

the null hypotheses were rejected below the one percent significance level for both OLS 

and IV models.  These tests provided some evidence that the covariates were likely to be 

correlated with the fixed component of the error term, and that the RE model may be 

inconsistent.  

6.5 MACS Non-Linear Model Results  

Table 12 presents the results from non-linear models of employment.  Columns (1) and (2) 

refer to naïve logit regressions, and the last two columns make use of instrumental variable 

z4a (SSRI prescriptions per adult Medicaid beneficiary) in a two-step residual inclusion 

(2SRI) model.  When we assumed that treatment was exogenous and ran a logit regression 

of employment on treatment and the covariate vector, we obtained a coefficient of -0.8408 

and a marginal effect of -0.1229 for antidepressant use; the results were statistically 

significant.  In other words, in the naïve non-linear model, the effect of antidepressant use 

on employment was negative and significant.  On the other hand, in columns (3) and (4), in 

the 2SRI random effects (RE) logit model, we can see that antidepressant use had a positive 

coefficient, and a positive marginal effect of 0.6294.  However, these results were not 

significant.   

 

Variables that had positive marginal effects on the likelihood of employment in the naïve 

logit model, column (2), were: age, postgraduate degree, being of Hispanic race, physical 
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functioning limits, and CD4 cell count at the previous calendar visit.  Variables that 

exhibited negative marginal effects on the likelihood of employment in the naïve logit 

model were: age squared, being African American, CES-D at the previous visit, worst 

CES-D ever greater than 22, and worst CD4 cell count ever lower than 200.  Specifically, 

for each additional 10-years of age, the participants’ employment probability increased by 

43.57 percentage points.  A postgraduate degree increased the likelihood of employment by 

8.55 percentage points.  Hispanic participants were 7.6 percentage points more likely to be 

employed than Caucasian participants.  Each 10-point increase in the previous-period 

physical functioning index increased the current employment probability by 2.85 

percentage points.  For each 100-cell increase in the previous-period CD4 cell count, the 

current employment probability increased by about 1.07 percentage points.  Conversely, 

the negative coefficient on age squared means that the employment probability function is 

concave (downwards) with respect to age; that is, the probability of employment increased 

as participants got older, but at a decreasing rate.  African American participants were 

19.51 percentage points less likely to be employed than Caucasian participants.  For each 

10-point increase in the CES-D at the previous calendar visit, the employment probability 

decreased by 3.85 percentage points.  If the participant ever had a CES-D score above 22, 

or a CD4 cell count below 200, the employment probability decreased by 8.82 percentage 

points, or by 25.80 percentage points respectively.   

 

Variables that had positive marginal effects on the employment probability in the IV 2SRI 

logit model, column (4), were: Hispanic, health limits on physical functioning index, CD4 
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cell count at previous calendar visit.  Age squared, and ever having a CD4 below 200 

resulted in negative marginal effects on the employment probability.  Given that the 

residual was not significant, note that aside from the coefficient on antidepressant use, the 

results from the naïve logit and the 2SRI do not differ considerably. 

  

6.6 MACS Dynamic Models Results 

Table 13 reports first-order auto-regressive AR(1), and dynamic Arellano-Bond (AB) 

models for current employment (i.e., employment at time t).  In the naïve regressions, in 

columns (1)-(3), antidepressant use was assumed to be exogenous.  In the IV regressions, in 

columns (4)-(6), antidepressant use was instrumented with z4a (SSRI prescriptions per 

adult Medicaid beneficiary, times 100), and z4a squared. 

 

In the first two columns, we can see the results for the AR(1) random effects (RE), and the 

AR(1) fixed effects (FE) regressions.  The coefficients for antidepressant use were negative 

for both models, and significant under RE.  In the third column, the naïve Arellano Bond 

(AB) estimator resulted in a slightly positive coefficient, which was not significant.     

Column (4) shows the results from the IV AR(1) RE model.  The coefficient of 0.3229 for 

antidepressant use since the last visit was strongly positive, but it was not statistically 

significant.  In this model, age and improved physical functioning increased the 

employment probability.  Specifically, for every 10-year increase in age the employment 

probability increased by 35.48 percentage points; and it did so by 1.31 percentage points 

for each 10-point increase in physical functioning.   
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In contrast, factors that reduced the employment probability were: age squared, being 

African American, detectable viral load at time t-1, ever had a CES-D score greater than 

22, and ever had a CD4 cell count lower than 200.  Being African American (as opposed to 

Caucasian) reduced the employment probability by 11.77 percentage points.  A detectable 

level of viral load (HIV RNA>80 cp/ml.) at the previous calendar visit reduced 

employment by 2.1 percentage points.  If participants had CES-D scores above 22, or CD4 

cell counts below 200, their employment probability decreased respectively by 19.67 or 

20.91 percentage points.   

In column (5), the results from the IV AR(1) FE model show a positive coefficient of 

antidepressant use on employment (0.4719), but it was not significant.  Only two factors  

affected the employment probability in this model: physical functioning at the previous 

calendar visit, and the adult employment ratio at the local level.  For every 10-point 

increase in the physical functioning index, the employment probability decreased by about 

one percentage point.  For every 10-point increase in the adult employment ratio, the 

employment probability for the MACS participants increased by 6.47 percentage points.  

Finally, column (6) estimated an IV Arellano-Bond dynamic panel data coefficient of 

antidepressant use on employment of 0.1469, which was not significant.  Variables that 

positively impacted the employment probability in the current period were: employment at 

the previous period, and employment two periods ago.  In particular, being employed in the 

last period, increased the current period employment probability by 17.26 percentage 

points; being employed two periods ago augmented the current period employment 
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probability by 5.77 percentage points.  These results suggest that there was positive state 

dependence for employment in the MACS sample.    

Some additional statistics provided in Table 13, column (6), are as follows.  At the bottom 

of the column we can see the results for an AR(1) test; that is, a test that the average 

autocovariance in residuals of first order is zero (a null hypothesis that there was no 

autocorrelation).  Given a test statistic of -13.79, we rejected the null.  On the other hand, 

we accepted the null that there was no second order autocorrelation.   

6.7 MACS Prior Need Model: LPM Regression Results Revisited 

Table 14 shows the results for a linear probability model where the MACS sample was 

restricted to include men ages 18-65 who initiated HAART after April 1, 1996; and who 

had used HAART, and exhibited a CES-D score higher than 22 at every prior visit.  In the 

OLS model, antidepressant use was assumed to be exogenous.  In IV models, use of 

antidepressants since last visit was instrumented with variable z4a, SSRI prescriptions per 

adult Medicaid beneficiary times 100, and z4a squared.  The first two columns of Table 14 

present results from naïve random effects and fixed effects regressions under the 

exogeneity assumption.  Under both models, the use of antidepressants had a negative 

effect on employment; which was significant under the RE assumptions.  On the other 

hand, in the last four columns, once we used the instrumental variables approach, the effect 

of antidepressants on employment was positive, though not significant.   

Under the random effects model, in column (3), note that the first stage regression results 

do not show a significant result for the instruments; thus the instrument set was not 
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relevant.  A joint test of significance failed to reject the null hypothesis of the instruments 

jointly being different from zero (results not shown).  Only the CD4 cell count was 

significant.  For every 100-cell increase in the CD4 cell count at the previous visit, the 

probability of using antidepressants increased by 1.77 percentage points.   

Column (4) presents the second stage RE results.  The employment probability was 26.09 

percentage points higher for participants who used antidepressants compared to those who 

did not; but this result was not significant.  The employment probability increased in this 

model by 66 percentage points for every 10 years of age, and by 3.66 points for every 10-

point increment in the physical functioning index at the previous visit.  Age squared had a 

negative coefficient; and African American participants had an employment probability 

that was 17.83 percentage points lower than Caucasians. 

Column (5) shows the results for the first stage FE model.  The instrumental variables, z4a 

and z4a squared, had coefficients that were significant (although the coefficient of z4a was 

negative).  The CES-D at the previous visit, and having a detectable level of HIV RNA 

positively and significantly affected the probability of using antidepressants.   

Column (6) shows the second stage FE model, where the employment probability was 

60.91 percentage points higher for participants who used antidepressants versus those who 

did not; however, this result was not significant.   
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C h a p t e r  S e v e n  

7. SUMMARY AND DISCUSSION 

 

This chapter provides summarized results of the current research, explanatory comments, 

future avenues of research, and policy implications in light of the findings.  The overall 

objective of the research was to determine the effect of antidepressant use on the 

employment probability of women and men living with HIV and using HAART from 1996 

to 2004 in the United States.  

7.1 WIHS Summary and Discussion 

The evidence suggests that the use of antidepressants improves the employment outcomes 

for the women in the Women’s Interagency HIV Study (WIHS).  This paper shows that 

instrumental variables (IV) based on the volume of the Medicaid prescriptions at the State 

level can be used to identify the effect of antidepressant use on the employment probability 

for a particular sample of participants.  Using IVs, there is a non-negative effect of 

antidepressant use on the employment probability under every model used: linear, non-

linear, and dynamic.  Under a fixed effects linear probability model, where time-varying 

characteristics can be correlated with the individual-specific fixed error term, 

antidepressant use increases the employment probability by 45 percentage points (Table 4).   

In contrast, using the assumption that treatment is exogenous (in naïve regressions) results 

in coefficients that are significantly negative or slightly and insignificantly positive, under 

every model tested.  Hence, for the WIHS data, there is a large negative selection bias, 
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which can be partially corrected using the proposed instrumental variables.  The main 

instrumental variable (that capitalizes on the variation in Medicaid coverage for 

antidepressants across States and over time) is a strong predictor of treatment choice.  As 

diffusion of antidepressants increases (particularly the relatively newer class of 

antidepressants called selective serotonin reuptake inhibitors or SSRIs), they become more 

popular in a particular State, and the likelihood of an individual person in the sample to use 

antidepressants also increases controlling for other relevant predictors of treatment. 

Furthermore, additional analyses that specifically take need into account; when the study 

group is limited only to those with probable depression, CES-D>22 in the previous 

calendar period (Table 7), produce similar positive results and of even higher magnitude.  

Comparing women with CES-D scores greater than 22 in the previous visit, the 

employment probability of those who use antidepressants is 52 percentage points higher 

than that of women who do not.  This alternative design, however, excludes the women 

with lower CES-D whose depression score stays low because of antidepressant use; while it 

over accounts for the effects of those for whom the antidepressants fail to reduce CES-D.  

These results, thus, ignore the benefits of “maintenance” treatment, and over-emphasize the 

effects of possible “drug failure” or ineffectiveness at the individual level.  The restricted 

analysis observes only the discrete changes at the beginning of the treatment, and neglects 

any other effects if later the antidepressants work properly and CES-D scores decrease 

below 22.   
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For all the analyses presented the covariate vector for the individual characteristics (CD4, 

viral load, CES-D, and quality of life index) is lagged for one period to correct for the 

likely contemporaneous endogeneity from antidepressant treatment.  However, results 

using the covariate vector at time t (instead of time t-1) produced similar positive results of 

the same magnitude (results not shown).  Similarly, all the IV random effects models 

presented here use the first lag of time-varying covariates, and additional binary indicators 

of whether: participants had ever had CES-D scores above 22, ever had CD4 cell counts 

below 200, or ever had viral load at or above one million HIV RNA copies per ml.  Results 

(not presented here) obtained when the worst-ever indicators are not included generate 

qualitatively similar results as well.  

The WIHS estimates of the treatment effect are large in magnitude compared to previous 

results in the literature found for other interventions.  Possible explanations for these 

findings are as follows.   First, a problem in the linear probability model when the R2 of the 

first stage equation is not high enough: since the variation of the predicted treatment 

probability of antidepressant use becomes very compressed, small changes in that predicted 

probability translate into large changes in the predicted employment outcome probability.  

Second, the women in the WIHS sample are of lower socio-economic status, and more 

likely to be dependent on Medicaid to access pharmacological depression treatment.  Recall 

that almost 60 percent of the WIHS participants in the sample have Medicaid insurance at 

baseline (Table 1).  Hence, the Medicaid-related instrumental variables are decidedly more 

relevant for this group.  The positive effect is present; although in general, due to program 

income limits, being on Medicaid actually reduces the likelihood that a female household 
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head will work (Moffitt and Wolfe 1992).  Third, the women in the WIHS sample are 

generally less healthy and less likely to be working; thus, access to antidepressants can help 

them more since they start from a lower level of mental and physical health status.  As 

general health status improves, and as individuals are more likely to be working, there may 

be a diminishing antidepressant effect on employment.     

7.2 MACS Summary and Discussion 

On the other hand, the results for the MACS are inconclusive, and do not prove that 

antidepressant use has a statistically significant positive effect on the employment 

probability.  The instrumental variables based on the volume number of, and amount spent 

on, Medicaid antidepressant prescriptions at the State level do not adequately identify the 

effect of antidepressant use on the employment probability.  Although the IV approach 

shows a large and positive effect of antidepressant use on the employment probability 

under every model used, the effect is not statistically significant.  In contrast, when 

assuming that the treatment is exogenous (in naïve regressions) the negative results are 

significant in every model: linear, non-linear, and dynamic.   

For the MACS, there seems to be a negative selection bias that cannot be consistently 

addressed by using the proposed instrumental variables.  Most of the IVs tested are not 

relevant.  The main instrumental variables in the analysis (volume of SSRI prescription 

claims per adult Medicaid beneficiary and its square) are not sufficiently strong predictors 

of treatment choice for the MACS.  Hence, there is a problem of weak instruments for the 

men’s data (Bound, Jaeger, and Baker 1995).   
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Moreover, additional analyses that specifically take need into account --when the study 

group is limited only to those with probable depression, CES-D greater than 22 in the 

previous calendar period (Table 14) --do not produce conclusive results either.  Comparing 

men with CES-D greater than 22 in the previous visit, the employment probability of those 

who use antidepressants is not statistically different than men who do not.  As mentioned 

before, however, this alternative design has some limitations in so far as it ignores the 

benefits of maintenance treatment (that keeps CES-D scores low), and overemphasizes the 

effects of possible loss of antidepressant effectiveness at the individual level.     

The MACS results merit some additional discussion.  Note first that the men in the study 

are of higher socio-economic status, and less likely to depend on Medicaid to obtain 

antidepressants.  Consequently, Medicaid-related instrumental variables are less able to 

predict the treatment probabilities.  Recall that only 18 percent of MACS participants at 

baseline have Medicaid insurance (Table 8).  Furthermore, MACS has only four sites and 

hence less geographical variation, which also affects the predictive capability of the 

instrumental variables.  Finally, the men’s sample is less likely to stop working in the 

presence of mental health problems given its higher employment probabilities, and 

employment trajectories.  In comparison to the women, the MACS proportion of 

participants who is always working is higher (result not shown).  The men’s cohort is also 

healthier in general; thus, access to antidepressants can help them maintain their health 

status, and have only a modest effect on employment outcomes that cannot easily be 

measured.   
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To conclude, there is a complex socio-economic and epidemiological relationship between 

employment, depression, and HIV.  Thus, addressing some of the selection issues of 

antidepressant use, while conditioning on HAART, helps only partially.  IVs cannot 

address all sources of bias and confounding.  Employment is determined by a variety of 

factors on both the demand and the supply side.  Antidepressant use may help some 

individuals to retain their employment or start working again, but a variety of other factors 

still impede continuous employment, including HIV stigma, labor demand, job skills, and 

negative government incentives .   

7.3 Future Research 

Due to data limitations, the current research does not make a distinction between labor 

force participation and employment.  Of participants who are jobless, WIHS questionnaires 

do not ask whether they looking for a job or not (that is, there is no possibility to know if 

the women participants are currently in the labor force or not).  Given data availability in 

the MACS, future work for the men’s sample can provide further analyses that discriminate 

between jobless participants looking for work (i.e., in the labor force) versus those without 

a job and not looking for work (i.e., out of the labor force).   

The current 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), the doses, or the types of antidepressants.  Future 

research can look into the class of antidepressant being used. 



 

 65

 Finally, 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 effect is working through the CES-D score, and how much of the effect is working 

through increased adherence to HAART.  With the WIHS data, it is possible to further 

analyze women with lower CES-D averages to see if the effect is still present; as well as 

control for HAART adherence to see how the positive effect of antidepressant use is 

modified. 

7.4 Policy Implications 

The use of antidepressants (in conjunction with HAART) seems to have a positive impact 

on employment outcomes, especially for HIV-infected women of low socio-economic 

status.  The majority of the costs for HIV care are financed by the government through 

programs such as Medicaid, Medicare, and the Ryan White CARE Act (Institute of 

Medicine 2004).  Since HIV costs per patient increase as CD4 cell count decreases 

(Bozzette et al. 1998; Bozzette et al. 2001), maintaining high CD4 cell count levels could 

be an effective way to also keep societal costs down.  Previous studies show that adequate 

access to anti-depression treatment may be one avenue to achieve greater HAART 

utilization (Cook et al. 2002; Cook et al. 2006); and that HAART leads to improved 

employment outcomes (Goldman and Bao 2004).  The current study shows that HAART 

plus antidepressants can also lead to better employment outcomes; thus, also affecting 

some of the parameters involved the cost benefit analyses of public financing of HIV 

treatment.   



 

 66

Increased and continued support for the inclusion of antidepressants in the AIDS Drugs 

Assistance Program (ADAP), Ryan White CARE Act, and Medicaid formularies is 

warranted for specific population groups, particularly women, not only based on medical 

outcomes, but also based on potential employment effects. 
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Table 1   
Descriptive Statistics WIHS Sample 

At Baseline Obs Percent     
Participant currently employed 1817 28.7        
Use of antidepressant since last visit 1837 13.7        
Participant is a high school graduate 1818 62.7     
Completed 4 years of college 1818 7.6     
Race Caucasian 1821 15.2     
Race African American 1821 53.2     
Race Hispanic 1821 28.7     
Income is less than $12,000 per year 1722 56.8     
Married or living with partner 1811 34.6     
Currently has Medicaid or Medi-Cal 
insurance 1804 58.6     
Currently has Medicare insurance 1804 8.3     
HIV RNA > 80(cp/ml) 1732 60.6     
Bronx, NY 1838 20.8     
Brooklyn, NY 1838 15.7     
Washington, DC 1838 14.3     
Los Angeles, CA 1838 21.5     
San Francisco, CA 1838 13.9     
Chicago, IL 1838 13.7        
 Obs  Mean Median Std.Dev. Min Max 
Visit date (decimal year) 1838 1999.63 1998.86 2.47 1996.25 2004.75 
Total number of eligible subsequent 
visits 1838 6.9 6 4.6 1 18 
Age at Visit (in years) 1838 37.4 37 8.1 18 65 
Minors living w/participant (age<=18) 1818 0.5  1.1 0 10 
Overall depression score, CES-D 
(60=worst) 1649 16 14 12 0 60 
Quality of life scale (100=best) 1641 66 67 20 4 100 
Number of CD4 positive cells 
(helpers) 1764 397 354 276 0 3838 
Unemployment rate (MSA) 1838 5.5 5.7 1.3 2.4 7.4 
Real weekly earnings at MSA level (in 
Jan'94$) 1838 392 395 22 334 461 
Adult employment ratio (State) 1838 62 61 2 58 71 
IV1: Antidep Rx / total Medicaid Rx 1838 5 5 1 3 6 
IV2: Antidep Rx per Medicaid bene 
(x100) 1838 14 11 7 3 55 
IV2a: Antidep Rx per adult Medicaid 
bene (x100) 1838 33 28 17 7 142 
IV3: SSRI Rx / total Medicaid antidep 
Rx 1838 42 41 9 20 75 
IV4: SSRI Rx per Medicaid 
beneficiary (x100) 1838 6 5 4 1 30 
IV4a: SSRI Rx per adult Medicaid 
bene (x100) 1838 15 11 10 3 77 
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Table 2 

Probability of Antidepressant Use for the Women's Interagency HIV Study (WIHS) 

F i x e d   E f f e c t s ( F E )  F i r s t  S t a g e  R e g r e s s i o n 
  (1) (2) (2a) (3) (4) (4a) 
IV1: AntidepRx/tot MedicaidRx -0.0152      
 [0.0133]      
IV2: AntidepRx/Medicaid bene(x100) 0.0057     
  [0.0012]**     
IV2a: AntidepRx/adult Medicaid bene(x100)  0.0019    
   [0.0005]**    
IV3: SSRI Rx/tot Medicaid antidepRx   0.006   
    [0.0007]**   
IV4: SSRI Rx/Medicaid bene(x100)    0.0119  
     [0.0019]**  
IV4a: SSRI Rx/adult Medicaid bene(x100)     0.0045 
      [0.0008]** 
Overall depression score at t-1 0.0011 0.0011 0.0011 0.0012 0.0011 0.0011 
 [0.0006]* [0.0006]* [0.0006]* [0.0006]* [0.0006]* [0.0006]* 
Qual.of life index(x10) at t-1 -0.0048 -0.0044 -0.0044 -0.004 -0.0043 -0.0043 
 [0.0038] [0.0038] [0.0038] [0.0037] [0.0038] [0.0038] 
CD4(x100)cells at t-1 0.0058 0.0043 0.0047 0.0017 0.0033 0.0038 
 [0.0026]* [0.0027] [0.0026] [0.0027] [0.0027] [0.0027] 
Detectable viral load at t-1 -0.0123 -0.0123 -0.0129 -0.005 -0.011 -0.0118 
 [0.0106] [0.0106] [0.0106] [0.0105] [0.0105] [0.0105] 
Unemployment rate (MSA) 0.0231 0.0282 0.0282 0.0129 0.0243 0.0253 
 [0.0061]** [0.0061]** [0.0062]** [0.0062]* [0.0061]** [0.0061]** 
Wk. earnings MSA ($100s) 0.002 -0.0162 -0.0156 0.0191 -0.0167 -0.0179 
 [0.0251] [0.0251] [0.0252] [0.0249] [0.0250] [0.0251] 
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Adult emp.ratio, State(x10) 0.0677 0.0564 0.0583 0.1081 0.0742 0.0738 
 [0.0285]* [0.0266]* [0.0266]* [0.0272]** [0.0267]** [0.0267]** 
Constant -0.3301 -0.3767 -0.3744 -0.9461 -0.4614 -0.4514 
 [0.2034] [0.2031] [0.2033] [0.2155]** [0.2037]* [0.2038]* 
Observations 6399 6399 6399 6399 6399 6399 
Number of WIHS IDs 1542 1542 1542 1542 1542 1542 
R2 0.01 0.01 0.01 0.02 0.01 0.01 
R2 within 0.01 0.01 0.01 0.02 0.01 0.01 
R2 between 0.03 0.00 0.00 0.01 0.00 0.00 
R2 overall 0.02 0.01 0.01 0.02 0.01 0.01 
t-statistic on IV coefficients  -1.14 4.92 4.13 8.23 6.24 5.73 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

MSA = Metropolitan Statistical Area 

Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over.   
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Table 3 

Probability of Antidepressant Use for the Women's Interagency HIV Study (WIHS) 

R a n d o m  E f f e c t s ( R E )  F i r s t  S t a g e  R e g r e s s i o n 
  (1) (2) (2a) (3) (4) (4a) 
IV1: Antidep Rx/tot.Medicaid Rx -0.0117      
 [0.0124]      
IV2: Antidep Rx/Medicaid bene(x100) 0.0052     
  [0.0011]**     
IV2a: AntidepRx/adult Medicaid bene(x100) 0.0017    
   [0.0004]**    
IV3: SSRI Rx/tot.Medicaid antidepRx   0.005   
    [0.0007]**   
IV4: SSRI Rx/Medicaid bene(x100)    0.0104  
     [0.0018]**  
IV4a: SSRI Rx/adult Medicaid bene(x100)    0.0039 
      [0.0007]** 
Age at visit (x10) 0.0558 0.0629 0.0618 0.0465 0.0628 0.0626 
 [0.0543] [0.0542] [0.0542] [0.0541] [0.0541] [0.0542] 
Age at visit (x10) squared -0.0015 -0.0028 -0.0025 -0.0022 -0.0032 -0.003 
 [0.0066] [0.0066] [0.0066] [0.0066] [0.0066] [0.0066] 
High school graduate (=1) 0.0002 0.0028 0.0022 0.004 0.004 0.0035 
 [0.0143] [0.0143] [0.0143] [0.0142] [0.0142] [0.0142] 
African American (=1) -0.1066 -0.1089 -0.1087 -0.1124 -0.1103 -0.1102 
 [0.0184]** [0.0183]** [0.0183]** [0.0183]** [0.0183]** [0.0183]** 
Hispanic (=1) -0.0901 -0.0911 -0.0904 -0.0991 -0.0926 -0.0918 
 [0.0209]** [0.0208]** [0.0208]** [0.0208]** [0.0208]** [0.0208]** 
Married/partner (=1) -0.0126 -0.0125 -0.0126 -0.0141 -0.0121 -0.0123 
 [0.0100] [0.0100] [0.0100] [0.0099] [0.0100] [0.0100] 
Minors (ages<=18) -0.0005 -0.0032 -0.0025 -0.0083 -0.0051 -0.0044 
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 [0.0040] [0.0040] [0.0040] [0.0041]* [0.0040] [0.0040] 
CES-D at t-1 0.0011 0.0011 0.0011 0.001 0.001 0.0011 
 [0.0005]* [0.0005]* [0.0005]* [0.0005]* [0.0005]* [0.0005]* 
Qual.of life index(x10) at t-1 -0.014 -0.0142 -0.0141 -0.0147 -0.0144 -0.0143 
 [0.0031]** [0.0031]** [0.0031]** [0.0031]** [0.0031]** [0.0031]** 
CD4(x100)cells at t-1 0.0054 0.0045 0.0048 0.0035 0.0041 0.0043 
 [0.0021]* [0.0021]* [0.0021]* [0.0021] [0.0021] [0.0021]* 
Detectable viral load at t-1 -0.0022 -0.0027 -0.0031 0.0035 -0.0017 -0.0023 
 [0.0094] [0.0094] [0.0094] [0.0094] [0.0094] [0.0094] 
Ever CES-D>22 (=1) 0.0748 0.0765 0.0759 0.0798 0.0777 0.0771 
 [0.0149]** [0.0149]** [0.0149]** [0.0149]** [0.0148]** [0.0149]** 
Ever CD4<200 (=1) -0.0197 -0.0204 -0.0202 -0.0173 -0.0199 -0.0198 
 [0.0151] [0.0151] [0.0151] [0.0151] [0.0151] [0.0151] 
Ever viral load>=1m (=1) -0.0448 -0.0465 -0.045 -0.0535 -0.0474 -0.0461 
 [0.0933] [0.0930] [0.0931] [0.0929] [0.0929] [0.0929] 
Unemployment rate (MSA) 0.0162 0.0204 0.0205 0.0069 0.0166 0.0175 
 [0.0057]** [0.0057]** [0.0058]** [0.0058] [0.0057]** [0.0057]** 
Wk.earnings MSA($100s) -0.018 -0.0328 -0.0328 -0.0001 -0.0324 -0.0336 
 [0.0238] [0.0239] [0.0240] [0.0238] [0.0238] [0.0239] 
Adult emp.ratio, State(x10) 0.056 0.0474 0.0492 0.0906 0.0627 0.0625 
 [0.0265]* [0.0246] [0.0246]* [0.0253]** [0.0247]* [0.0247]* 
Bronx,NY (=1) 0.0615 0.0682 0.0792 0.0658 0.0704 0.0839 
 [0.0267]* [0.0260]** [0.0265]** [0.0258]* [0.0259]** [0.0263]** 
Brooklyn,NY(=1) 0.0213 0.0248 0.0369 0.0183 0.0249 0.0395 
 [0.0269] [0.0262] [0.0266] [0.0261] [0.0261] [0.0265] 
Washington,DC(=1) 0.0327 0.1417 0.1332 0.0183 0.13 0.1323 
 [0.0312] [0.0339]** [0.0347]** [0.0278] [0.0310]** [0.0318]** 
Los Angeles,CA(=1) 0.0021 0.0784 0.0712 0.0294 0.0815 0.0817 
 [0.0245] [0.0289]** [0.0294]* [0.0246] [0.0277]** [0.0283]** 
San Francisco,CA(=1) 0.1055 0.1856 0.1791 0.1134 0.1836 0.1854 
 [0.0281]** [0.0324]** [0.0331]** [0.0279]** [0.0309]** [0.0315]** 
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Constant -0.2817 -0.3764 -0.3755 -0.7563 -0.4386 -0.4382 
 [0.2248] [0.2253] [0.2257] [0.2340]** [0.2258] [0.2262] 
Observations 6292 6292 6292 6292 6292 6292 
Number of WIHS IDs 1521 1521 1521 1521 1521 1521 
R2 within 0.01 0.01 0.01 0.02 0.01 0.01 
R2 between 0.12 0.12 0.12 0.13 0.13 0.13 
R2 overall 0.08 0.09 0.09 0.09 0.09 0.09 
t-statistic on IV coefficients  -0.94 4.81 4.12 7.04 5.86 5.41 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

MSA = Metropolitan Statistical Area 

Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over.  
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Table 4  

Linear Probability Model of Employment for the Women's Interagency HIV Study (WIHS) 

 N a i v e  O L S I n s t r u m e n t a l   V a r i a b l e s ( I V ) 
 OLS RE  OLS FE IV3RE IV4RE IV3FE IV4FE 
  (1) (2) (3) (4) (5) (6) 
Used antidep since t-1(=1) -0.0144 0.0047 0.4396 0.3819 0.1630 0.4489 
  [0.0146] [0.0158] [0.1927]* [0.2213] [0.1416] [0.1923]* 
Age(10yrs) 0.1603  0.1169 0.1388   
 [0.0707]*  [0.0678] [0.0761]   
Age(10yrs)squared -0.0206  -0.0175 -0.0208   
 [0.0086]*  [0.0081]* [0.0091]*   
High school(=1) 0.1411  0.1407 0.1446   
 [0.0198]**  [0.0174]** [0.0212]**   
African American(=1) -0.1029  -0.0560 -0.0601   
 [0.0257]**  [0.0306] [0.0363]   
Hispanic(=1) -0.0757  -0.0416 -0.0404   
 [0.0292]**  [0.0305] [0.0367]   
Married/partner(=1) 0.0215  0.0319 0.0261   
 [0.0118]  [0.0129]* [0.0127]*   
Minors(ages<=18) 0.0013  -0.0018 0.0014   
 [0.0047]  [0.0050] [0.0049]   
CES-D at t-1 -0.0013 -0.0003 -0.0025 -0.0019 -0.0005 -0.0007 
 [0.0006]* [0.0006] [0.0007]** [0.0007]** [0.0006] [0.0007] 
Qual.life index(x10)at t-1 0.0281 0.0139 0.0422 0.0329 0.0147 0.0161 
 [0.0036]** [0.0041]** [0.0051]** [0.0048]** [0.0042]** [0.0046]** 
CD4(x100)at t-1 0.0126 0.0077 0.0114 0.0103 0.0068 0.0052 
 [0.0023]** [0.0029]** [0.0027]** [0.0028]** [0.0031]* [0.0033] 
Viral load>80 at t-1(=1) 0.0010 0.0102 -0.0017 0.0025 0.0117 0.0145 
 [0.0108] [0.0116] [0.0120] [0.0115] [0.0118] [0.0127] 
Unemployment rate(MSA) 0.0010 -0.0034 -0.0058 -0.0055 -0.0068 -0.0129 
 [0.0064] [0.0067] [0.0079] [0.0077] [0.0074] [0.0083] 
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Wk.earnings,MSA($100s) 0.0166 0.0208 0.0287 0.0220 0.0216 0.0229 
 [0.0268] [0.0276] [0.0308] [0.0284] [0.0278] [0.0298] 
Adult emp.ratio,State(x10) 0.0335 0.0451 0.0061 0.0119 0.0366 0.0212 
 [0.0280] [0.0292] [0.0328] [0.0320] [0.0305] [0.0332] 
Bronx,NY(=1) -0.1105  -0.1485 -0.1313   
 [0.0349]**  [0.0335]** [0.0390]**   
Brooklyn,NY(=1) -0.0379  -0.0613 -0.0417   
 [0.0354]  [0.0323] [0.0377]   
Washington,DC(=1) 0.1498  0.1150 0.1344   
 [0.0372]**  [0.0350]** [0.0405]**   
Los Angeles,CA(=1) -0.0264  -0.0408 -0.0284   
 [0.0335]  [0.0299] [0.0357]   
San Francisco,CA(=1) -0.0353  -0.0851 -0.0776   
 [0.0379]  [0.0399]* [0.0467]   
Constant -0.4754 -0.1339 -0.3389 -0.3371 -0.0889 -0.0076 
 [0.2649] [0.2229] [0.2897] [0.2909] [0.2287] [0.2466] 
Observations 6285 6305 6285 6285 6305 6305 
Number of WIHS IDs 1521 1524 1521 1521 1524 1524 
R2 within 0.01 0.01 0.00 0.00 . . 
R2 between 0.20 0.13 0.11 0.11 0.03 0.0003 
R2 overall 0.16 0.11 0.08 0.08 0.03 0.001 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

Table reports the coefficients and standard errors [in brackets] for linear probability models where the outcome variable is current employment. In the naive OLS model, 
antidepressant use was assumed to be exogenous. In the IV, 2SLS, use of antidepressants since last visit has been instrumented using instrumental variables:  z3 (quarterly 
volume of selective serotonin reuptake inhibitor (SSRI) prescriptions as percentage of total Medicaid antidepressant prescriptions, at the State level) and z4 (SSRI prescriptions 
per Medicaid beneficiary (x100).  
MSA = Metropolitan Statistical Area. 
Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over.  
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Table 5 

 Non-Linear Probability Model of Employment for the Women's Interagency HIV Study (WIHS) 

 Naïve Logit 2SRI Logit RE 
 Coeff. ME Coeff. ME 

  (1) (2) (3) (4) 
Used antidepressant since last visit (=1) -0.1471 -0.0221 3.3498 0.6788 
  [0.1509] [0.0219] [1.6592]* [0.2483]** 
Residual (from 1st stage)   -3.5248 -0.5428 
   [1.6651]* [0.2558]* 
Age at visit (x10) 1.7676 0.2743 1.5836 0.2439 
 [0.6299]** [0.0987]** [0.6435]* [0.0999]* 
Age at visit (x10) squared -0.222 -0.0344 -0.2184 -0.0336 
 [0.0771]** [0.0121]** [0.0784]** [0.0122]** 
Participant is a high school graduate (=1) 1.2579 0.1754 1.2541 0.1736 
 [0.1686]** [0.0223]** [0.1690]** [0.0223]** 
Race African American (=1) -0.8276 -0.1288 -0.4597 -0.0709 
 [0.2102]** [0.0336]** [0.2739] [0.0427] 
Race Hispanic (=1) -0.6239 -0.0892 -0.3146 -0.0465 
 [0.2382]** [0.0317]** [0.2806] [0.0399] 
Married or living with partner (=1) 0.1921 0.0303 0.2375 0.0374 
 [0.1119] [0.0180] [0.1141]* [0.0184]* 
Minors living w/participant (age<=18) 0.0001 0.0000 0.0035 0.0005 
 [0.0450] [0.0070] [0.0452] [0.0070] 
Overall depression score at t-1 -0.0065 -0.0010 -0.0105 -0.0016 
 [0.0058] [0.0009] [0.0061] [0.0009] 
Quality of life index (x10) at t-1 0.2802 0.0435 0.3285 0.0506 
 [0.0368]** [0.0060]** [0.0435]** [0.0070]** 
Number of CD4+ cells at t-1(x100) 0.0768 0.0119 0.0585 0.0090 
 [0.0239]** [0.0038]** [0.0254]* [0.0039]* 
Detectable viral load att-1(=1) 0.0149 0.0023 0.0226 0.0035 
 [0.1058] [0.0164] [0.1060] [0.0163] 
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Ever had CES-D>22 (=1) -0.7359 -0.1197 -0.996 -0.1634 
 [0.1686]** [0.0288]** [0.2092]** [0.0363]** 
Ever had CD4<200 (=1) -0.6079 -0.0939 -0.5346 -0.0820 
 [0.1739]** [0.0269]** [0.1771]** [0.0272]** 
Ever had viral load>=1 million cp/ml (=1) -1.3455 -0.1345 -1.1926 -0.1243 
 [1.2146] [0.0681] [1.2114] [0.0765] 
Unemployment rate (MSA) 0.0026 0.0004 -0.057 -0.0088 
 [0.0655] [0.0102] [0.0714] [0.0110] 
Real weekly earnings MSA level (in Jan'94 $100s) 0.2 0.0310 0.2684 0.0413 
 [0.2727] [0.0423] [0.2747] [0.0423] 
Adult employment ratio, State level (x10) 0.3441 0.0534 0.1722 0.0265 
 [0.2785] [0.0433] [0.2901] [0.0447] 
Bronx,NY (=1) -1.0657 -0.1345 -1.263 -0.1524 
 [0.2985]** [0.0306]** [0.3128]** [0.0295]** 
Brooklyn,NY (=1) -0.4281 -0.0608 -0.4911 -0.0683 
 [0.2982] [0.0386] [0.3011] [0.0376] 
Washington,DC (=1) 1.1216 0.2153 0.9492 0.1765 
 [0.3121]** [0.0698]* [0.3217]** [0.0693]* 
Los Angeles,CA (=1) -0.188 -0.0283 -0.2141 -0.0318 
 [0.2788] [0.0407] [0.2790] [0.0401] 
San Francisco,CA (=1) -0.232 -0.0340 -0.6147 -0.0812 
 [0.3214] [0.0445] [0.3689] [0.0413]* 
Constant -9.1951  -8.1625  
 [2.5776]**  [2.6276]**  
Observations 6285 6285 6285 6285 
Number of WIHS IDs 1521 1521 1521 1521 
Standard errors in brackets     
* Significant at 5%; ** Significant at 1%     
Notes:     
Table reports coefficients, marginal effects (ME), and standard errors [in brackets] for  naïve logit and two stage residual inclusion (2SRI) model. 
Residual from first stage obtained using IV3=SSRI prescriptions as percentage of antidepressant Medicaid prescriptions (at the State level, per quarter of visit). 
ME for discrete variables (=1) is a change from 0 to 1.     
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 Table 6 

Employment Dynamic Models: Women's Interagency HIV Study (WIHS) 

 N a ï v e  R e g r e s s i o n  I n s t r u m e n t a l   V a r i a b l e s  
 AR1 RE AR1 FE AB AR1 RE AR1 FE AB 
  (1) (2) (3) (4) (5) (6) 
Employed at t-1(=1)   -0.3473   -0.3474 
   [0.0584]**   [0.0583]** 
Employed at t-2(=1)   -0.2092   -0.2072 
   [0.0450]**   [0.0450]** 
Employed at t-3(=1)   -0.1537   -0.1525 
   [0.0344]**   [0.0344]** 
Used antidep since t-1(=1) -0.0178 -0.0063 0.0254 0.3000 0.2057 0.5529 
  [0.0145] [0.0181] [0.0284] [0.1960] [0.3217] [0.3431] 
Age(10yrs) 0.1299   0.1120   
 [0.0781]   [0.0789]   
Age(10yrs)squared -0.017   -0.0163   
 [0.0095]   [0.0095]   
High school(=1) 0.1386   0.1386   
 [0.0200]**   [0.0200]**   
African American(=1) -0.1062   -0.0725   
 [0.0256]**   [0.0329]*   
Hispanic(=1) -0.0749   -0.0464   
 [0.0291]*   [0.0340]   
Married/partner(=1) 0.0184   0.0226   
 [0.0123]   [0.0125]   
Minors(ages<=18) -0.0014   0.0002   
 [0.0043]   [0.0044]   
CES-D at t-1 -0.0009 -0.0009 0.0008 -0.0012 -0.0011 0.0002 
 [0.0005] [0.0007] [0.0012] [0.0006]* [0.0007] [0.0012] 
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Qual.life index(x10)at t-1 0.0154 0.0001 0.0243 0.0197 0.001 0.0262 
 [0.0035]** [0.0045] [0.0078]** [0.0045]** [0.0047] [0.0079]** 
CD4(x100)at t-1 0.0078 0.0039 0.002 0.0063 0.0037 -0.0015 
 [0.0026]** [0.0037] [0.0053] [0.0027]* [0.0037] [0.0058] 
Viral load>80 at t-1(=1) -0.0028 0.0032 0.0062 -0.0032 0.0043 0.0118 
 [0.0104] [0.0129] [0.0218] [0.0104] [0.0130] [0.0221] 
Ever CES-D>22(=1) -0.1127   -0.1366   
 [0.0203]**   [0.0249]**   
Ever CD4<200(=1) -0.0744   -0.0668   
 [0.0206]**   [0.0211]**   
Ever viral load>=1m(=1) -0.1216   -0.1068   
 [0.1316]   [0.1319]   
Unemployment rate(MSA) -0.0091 -0.0209 0.0006 -0.0135 -0.0233 -0.0122 
 [0.0073] [0.0075]** [0.0121] [0.0078] [0.0084]** [0.0145] 
Wk.earnings,MSA($100s) 0.023 0.0339 0.0597 0.0298 0.0368 0.0601 
 [0.0254] [0.0294] [0.0511] [0.0257] [0.0298] [0.0511] 
Adult emp.ratio,State(x10) 0.0307 0.073 0.0185 0.0130 0.0633 -0.0131 
 [0.0326] [0.0228]** [0.0519] [0.0344] [0.0270]* [0.0557] 
Bronx,NY(=1) -0.1157   -0.1346   
 [0.0357]**   [0.0376]**   
Brooklyn,NY(=1) -0.0455   -0.0514   
 [0.0361]   [0.0363]   
Washington,DC(=1) 0.1275   0.1145   
 [0.0385]**   [0.0394]**   
Los Angeles,CA(=1) -0.0211   -0.0232   
 [0.0337]   [0.0337]   
San Francisco,CA(=1) -0.0409   -0.0746   
 [0.0384]   [0.0437]   
Constant -0.1508 -0.1549 0.0073 -0.0549 -0.1275 0.0089 
 [0.2911] [0.0319]** [0.0071] [0.2972] [0.0349]** [0.0072] 
Observations 6285 4781 1371 6285 4781 1371 
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Number of WIHS IDs 1521 1254 569 1521 1254 569 
R2 within 0.01 0.01  0.01 0.01  
R2 between 0.19 0.1  0.19 0.1  
R2 overall 0.16 0.05  0.16 0.06  
Autocorr. coefficient 0.64 0.64  0.64 0.64  
AR(1)test   -6.75   -6.77 
AR(2)test   -2.21   -2.05 
Joint Wald χ2   57.82   59.61 
Sargan χ2     144.4     142.74 
Standard errors in brackets      
* Significant at 5%; ** Significant at 1%     
Notes:       

Table reports first-order auto-regressive AR(1), and dynamic Arellano-Bond (AB) models for current employment. 

In the naïve regressions, antidepressant use was assumed to be exogenous.    

In the IV regressions, antidepressant use was instrumented with z3= SSRI prescriptions as percentage of antidepressant 

Medicaid prescriptions (at the State level, per quarter of visit).    

MSA = Metropolitan Statistical Area 

Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over.  
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Table 7  

Linear Probability Model of Employment for the Women's Interagency HIV Study (WIHS) 

 Sample Restricted to CES-D>22 at Every Prior Calendar Visit 

 N a i v e  O L S I n s t r u m e n t a l   V a r i a b l e s ( I V ) 
 OLS RE  OLS FE 1stageRE 2stageRE 1stageFE 2stageFE 
  (1) (2) (3) (4) (5) (6) 
Used antidep since t-1(=1) 0.0037 0.0087   0.5961   0.5242 
  [0.0213] [0.0253]   [0.2786]*   [0.2629]* 
IV3:SSRI Rx/tot.Medicaid antidepRx  0.0068  0.0058  
   [0.0018]**  [0.0016]**  
Age(10yrs) -0.0574  0.1525 -0.1361   
 [0.1166]  [0.1135] [0.1366]   
Age(10yrs)squared 0.0058  -0.0176 0.0131   
 [0.0142]  [0.0138] [0.0164]   
High school(=1) 0.0884  0.0193 0.0800   
 [0.0285]**  [0.0255] [0.0302]**   
African American(=1) -0.0585  -0.2251 0.0753   
 [0.0386]  [0.0341]** [0.0729]   
Hispanic(=1) 0.0064  -0.1708 0.1039   
 [0.0437]  [0.0391]** [0.0642]   
Married/partner(=1) 0.0396  -0.0225 0.0529   
 [0.0214]  [0.0239] [0.0264]*   
Minors(ages<=18) 0.0071  -0.0114 0.0075   
 [0.0085]  [0.0099] [0.0103]   
CES-D at t-1 0.0004 0.0011 0.0006 -0.0001 0.0001 0.0020 
 [0.0012] [0.0015] [0.0015] [0.0016] [0.0015] [0.0018] 
Qual.life index(x10)at t-1 0.0262 0.0190 -0.0286 0.0434 -0.0334 0.0268 
 [0.0062]** [0.0082]* [0.0069]** [0.0104]** [0.0067]** [0.0107]* 
CD4(x100)at t-1 0.0150 0.0115 0.0054 0.0113 0.0062 0.0074 
 [0.0042]** [0.0065] [0.0045] [0.0053]* [0.0045] [0.0081] 
Viral load>80 at t-1(=1) -0.0136 0.0075 0.0395 -0.0345 0.0239 -0.0011 
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 [0.0210] [0.0257] [0.0243] [0.0270] [0.0243] [0.0315] 
Unemployment rate(MSA) 0.0057 -0.0075 0.0154 -0.0083 0.0024 -0.0298 
 [0.0119] [0.0139] [0.0148] [0.0173] [0.0120] [0.0204] 
Wk.earnings,MSA($100s) 0.0580 0.1016 -0.0674 0.0849 -0.0443 0.0978 
 [0.0495] [0.0569] [0.0606] [0.0665] [0.0505] [0.0692] 
Adult emp.ratio,State(x10) 0.0863 0.0360 0.1964 0.0211 0.0955 -0.0638 
 [0.0552] [0.0653] [0.0675]** [0.0794] [0.0527] [0.0941] 
Bronx,NY(=1) 0.0066  0.1409 -0.0557   
 [0.0547]  [0.0526]** [0.0688]   
Brooklyn,NY(=1) -0.0087  0.0647 -0.0370   
 [0.0556]  [0.0536] [0.0631]   
Washington,DC(=1) 0.1994  0.0557 0.1558   
 [0.0562]**  [0.0550] [0.0665]*   
Los Angeles,CA(=1) 0.0355  0.0163 0.0560   
 [0.0487]  [0.0472] [0.0534]   
San Francisco,CA(=1) 0.0113  0.1508 -0.0576   
 [0.0566]  [0.0546]** [0.0732]   
Constant -0.7154 -0.5723 -1.2609 -0.4011 -0.3455 0.0079 
 [0.4763] [0.4749] [0.5774]* [0.6157] [0.4330] [0.6479] 
Observations 1601 1610 1602 1601 1631 1610 
Number of WIHS IDs 727 731 727 727 740 731 
R2 within 0.02 0.02 0.02 0.00 0.01 . 
R2 between 0.11 0.05 0.11 0.02 0.04 0.0014 
R2 overall 0.08 0.04 0.10 0.01 0.04 0.0009 
Standard errors in brackets      
* Significant at 5%; ** Significant at 1%      
Notes:       

Coefficients and standard errors [in brackets] for linear probability models where the outcome variable is current employment (under naive OLS and IV second stage), and 
antidepressant use (in the IV first stage).  The WIHS sample was restricted to women ages 18-65, receiving HAART after April 1, 1996.  At every prior visit HAART had been 
used, and CES-D score was higher than 22.  In the OLS model, antidepressant use was assumed to be exogenous.  In IV models, use of antidepressants since last visit has been 
instrumented with variable z3: quarterly volume of SSRIs as percentage of total Medicaid antidepressant prescriptions. 
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Table 8  

 Descriptive Statistics MACS Sample 

At Baseline Obs. Percentage     
Currently employed 1096 62.8        
Took antidepressant since last visit 1218 25.5        
High school graduate 1191 93.6     
4-year college graduate 1191 46.4     
Postgraduate degree 1191 16.04     
Caucasian 1221 62.8     
African American 1221 22.6     
Hispanic 1221 7.8     
Income less that $10k  per year 1146 25.0     
Medicaid insurance 1215 18.4     
Medicare insurance 1215 12.9     
HIV RNA>80 (cp/ml) 990 53.3     
Baltimore,MD 1221 22.4     
Chicago,IL 1221 24.4     
Pittsburg,PA 1221 20.0     
Los Angeles,CA 1221 33.3        
 Obs. Mean Median Std.Dev. Min Max 
Visit date (decimal) 1221 2000.05 1998.8 3.04 1996.26 2004.73 
Number of eligible follow-up visits 1221 6.7 5 5.1 1 17 
Age at Visit 1221 42.3 42 7.6 19 65 
CES-D depression score 1075 13 10 11 0 56 
Health limits phys.function (100=not limited) 1100 82 95 24 0 100 
Number of CD4 positive cells (helpers) 1085 439 403 302 0 3819 
Unemployment rate at MSA level 1221 5.6 5.5 0.9 3.6 7.4 
Real weekly earnings,MSA level (in Jan'94 $) 1221 665 656 49 580 814 
Adult employment ratio at State level 1221 63 62 3 60 68 
IV1:AntidepRx/tot.Medicaid Rx 1221 6 5 2 3 13 
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IV2:AntidepRx/Medicaid bene(x100) 1221 16 16 7 3 35 
IV2a:AntidepRx/adult Medicaid bene(x100) 1221 42 40 21 8 142 
IV3:SSRI Rx/tot.Medicaid antidepRx 1221 44 42 11 20 90 
IV4:SSRI Rx/Medicaid bene(x100) 1221 7 7 4 1 19 
IV4a:SSRI Rx/adult Medicaid bene(x100) 1221 19 18 12 4 77 
IV5:Antidep reimb/total Medicaid reimb 1221 8 8 2 5 18 
IV6:AntidepReimb/Medicaid bene ($) 1221 816 771 358 205 1962 
IV6a:AntidepReimb/adult Medicaid bene($) 1221 2239 1974 1233 525 7846 
IV7:SSRIreimb/totalAntidep Medicaid reimb 1221 61 61 5 45 99 
IV8:SSRI reimb/Medicaid bene ($) 1221 499 471 225 103 1175 
IV8a:SSRI reimb/adult Medicaid bene ($) 1221 1370 1189 764 263 4699 
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Table 9 

Probability of Antidepressant Use for the Multicenter AIDS Cohort Study (MACS) 

F i x e d   E f f e c t s ( F E )  F i r s t  S t a g e  R e g r e s s i o n 
  (1) (2) (2a) (3) (4) (4a) 
IV1:AntidepRx/tot.Medicaid Rx 0.0066      
 [0.0061]      
IV2:AntidepRx/Medicaid bene(x100) 0.0000     
  [0.0009]     
IV2a:AntidepRx/adult Medicaid bene(x100)  0.0003    
   [0.0002]    
IV3:SSRI Rx/tot.Medicaid antidepRx   0.0016   
    [0.0005]**   
IV4:SSRI Rx/Medicaid bene(x100)     0.0022  
     [0.0017]  
IV4a:SSRI Rx/adult Medicaid bene(x100)     0.0009 
      [0.0005]* 
CES-D(x10)at t-1 0.0153 0.0153 0.0151 0.0153 0.0151 0.015 
 [0.0065]* [0.0065]* [0.0065]* [0.0064]* [0.0065]* [0.0065]* 
Health lim.phys.funct.(x10)at t-1 0.0044 0.0043 0.0043 0.0044 0.0042 0.0042 
 [0.0027] [0.0027] [0.0027] [0.0027] [0.0027] [0.0027] 
CD4(x100)cells at t-1 0.0007 0.0008 0.0009 -0.0005 0.0007 0.0006 
 [0.0027] [0.0027] [0.0027] [0.0028] [0.0027] [0.0027] 
Detectable viral load at t-1 -0.0259 -0.0264 -0.026 -0.0227 -0.0258 -0.0251 
 [0.0119]* [0.0118]* [0.0118]* [0.0119] [0.0119]* [0.0119]* 
Unemp. rate at MSA level 0.0251 0.0239 0.0233 0.0251 0.0235 0.0228 
 [0.0090]** [0.0089]** [0.0090]** [0.0089]** [0.0089]** [0.0090]* 
Wk.earnings,MSA($100s) 0.0295 0.0362 0.0344 0.0327 0.0366 0.0321 
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 [0.0175] [0.0164]* [0.0165]* [0.0164]* [0.0164]* [0.0165] 
Adult emp.ratio,State(x10) -0.0926 -0.0901 -0.0894 -0.0537 -0.08 -0.078 
 [0.0479] [0.0478] [0.0478] [0.0492] [0.0485] [0.0482] 
Constant 0.4358 0.4256 0.4253 0.1393 0.3467 0.3649 
 [0.3597] [0.3602] [0.3596] [0.3711] [0.3647] [0.3608] 
Observations 5859 5859 5859 5859 5859 5859 
Number of MACS IDs 1039 1039 1039 1039 1039 1039 
R2 within 0.01 0.01 0.01 0.01 0.01 0.01 
R2 between 0.01 0.01 0.01 0.01 0.01 0.01 
R2 overall 0.02 0.02 0.02 0.02 0.02 0.01 
t-statistic on IV coefficients  1.09 0.01 1.09 3.09 1.30 1.96 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
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Table 9 (cont.) 
Probability of Antidepressant Use for the Multicenter AIDS Cohort Study (MACS) 

F i x e d   E f f e c t s ( F E )  F i r s t  S t a g e  R e g r e s s i o n 
  (5) (6) (6a) (7) (8) (8a) 
IV5:antidep reimb/total Medicaid reimb -0.0062      
 [0.0035]      
IV6:AntidepReimb/Medicaid bene  0.0000     
  [0.0000]     
IV6a:AntidepReimb/adult Medicaid bene  0.000    
   [0.0000]    
IV7:SSRIreimb/total antidep Medicaid reimb   -0.0003   
    [0.0006]   
IV8:SSRI reimb/Medicaid bene     0.000  
     [0.0000]  
IV8a:SSRI reimb/adult Medicaid bene      0.000 
      [0.0000] 
CES-D(x10)at t-1 0.0154 0.0151 0.0149 0.0153 0.0151 0.015 
 [0.0065]* [0.0065]* [0.0065]* [0.0065]* [0.0065]* [0.0065]* 
Health lim.phys.funct.(x10)at t-1 0.004 0.0043 0.0043 0.0042 0.0044 0.0044 
 [0.0027] [0.0027] [0.0027] [0.0027] [0.0027] [0.0027] 
CD4(x100)cells at t-1 0.0004 0.0008 0.0007 0.0008 0.0008 0.0007 
 [0.0028] [0.0027] [0.0027] [0.0027] [0.0027] [0.0027] 
Detectable viral load at t-1 -0.0255 -0.0259 -0.0252 -0.0263 -0.026 -0.0252 
 [0.0119]* [0.0119]* [0.0119]* [0.0118]* [0.0119]* [0.0119]* 
Unemployment rate at MSA level 0.0216 0.0228 0.0225 0.024 0.0228 0.0223 
 [0.0090]* [0.0090]* [0.0090]* [0.0089]** [0.0090]* [0.0090]* 
Wk.earnings,MSA($100s) 0.0495 0.0325 0.028 0.0371 0.0326 0.0279 
 [0.0180]** [0.0167] [0.0170] [0.0165]* [0.0168] [0.0171] 
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Adult emp.ratio,State(x10) -0.0738 -0.0923 -0.0916 -0.0916 -0.091 -0.09 
 [0.0487] [0.0479] [0.0478] [0.0479] [0.0478] [0.0478] 
Constant 0.2997 0.4564 0.4816 0.4481 0.4494 0.4732 
 [0.3664] [0.3606] [0.3610] [0.3624] [0.3604] [0.3607] 
Observations 5859 5859 5859 5859 5859 5859 
Number of MACS IDs 1039 1039 1039 1039 1039 1039 
R2 within 0.01 0.01 0.01 0.01 0.01 0.01 
R2 between 0.01 0.01 0.01 0.01 0.01 0.01 
R2 overall 0.02 0.02 0.01 0.02 0.02 0.01 
t-statistic on IV coefficients  -1.79 1.12 1.74 -0.50 1.00 1.66 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
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Table 10 

Probability of Antidepressant Use for the Multicenter AIDS Cohort Study (MACS) 

R a n d o m  E f f e c t s ( R E )  F i r s t  S t a g e  R e g r e s s i o n 
  (1) (2) (2a) (3) (4) (4a) 
IV1:AntidepRx/tot.Medicaid Rx 0.0021      
 [0.0061]      
IV2:AntidepRx/Medicaid bene(x100) 0.0000     
  [0.0009]     
IV2a:AntidepRx/adult Medicaid bene(x100)  0.0002    
   [0.0002]    
IV3:SSRI Rx/tot.Medicaid antidepRx   0.0007   
    [0.0005]   
IV4:SSRI Rx/Medicaid bene(x100)     0.0011  
     [0.0017]  
IV4a:SSRI Rx/adult Medicaid bene(x100)     0.0006 
      [0.0005] 
Age(10yrs.) 0.0986 0.0968 0.0987 0.1006 0.1005 0.1005 
 [0.0951] [0.0953] [0.0952] [0.0951] [0.0953] [0.0952] 
Age(10yrs.)squared -0.0041 -0.0039 -0.0041 -0.0048 -0.0044 -0.0045 
 [0.0104] [0.0104] [0.0104] [0.0104] [0.0104] [0.0104] 
Postgrad. degree(=1) 0.0441 0.0436 0.0441 0.0466 0.0444 0.0451 
 [0.0306] [0.0307] [0.0307] [0.0307] [0.0307] [0.0307] 
African American(=1) -0.0855 -0.0853 -0.0857 -0.0884 -0.0865 -0.0868 
 [0.0299]** [0.0300]** [0.0300]** [0.0300]** [0.0300]** [0.0300]** 
Hispanic(=1) -0.0191 -0.0187 -0.0192 -0.0229 -0.0195 -0.0204 
 [0.0450] [0.0451] [0.0450] [0.0451] [0.0451] [0.0450] 
CES-D(x10)at t-1 0.0274 0.0274 0.0272 0.0274 0.0273 0.0272 
 [0.0061]** [0.0061]** [0.0061]** [0.0061]** [0.0061]** [0.0061]** 
Health lim.phys.funct.(x10)at t-1 0.001 0.0009 0.0009 0.001 0.0009 0.0009 
 [0.0024] [0.0024] [0.0024] [0.0024] [0.0024] [0.0024] 
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CD4(x100)cells at t-1 0.0009 0.0009 0.001 0.0005 0.0009 0.0009 
 [0.0025] [0.0025] [0.0025] [0.0025] [0.0025] [0.0025] 
Detectable viral load at t-1 -0.0085 -0.0087 -0.0085 -0.0075 -0.0085 -0.0081 
 [0.0112] [0.0112] [0.0112] [0.0112] [0.0112] [0.0112] 
Ever CES-D>22(=1) 0.2312 0.2314 0.2315 0.2311 0.2314 0.2315 
 [0.0244]** [0.0245]** [0.0245]** [0.0244]** [0.0245]** [0.0245]** 
Ever CD4<200(=1) -0.0002 -0.0002 -0.0001 -0.0001 -0.0002 -0.0001 
 [0.0270] [0.0271] [0.0270] [0.0270] [0.0271] [0.0270] 
Ever viral load>=1m(=1) -0.0273 -0.0269 -0.027 -0.0282 -0.0274 -0.0275 
 [0.1016] [0.1018] [0.1018] [0.1016] [0.1018] [0.1017] 
Unemployment rate at MSA level 0.0195 0.0192 0.0188 0.0196 0.0191 0.0186 
 [0.0090]* [0.0089]* [0.0089]* [0.0089]* [0.0089]* [0.0089]* 
Wk.earnings,MSA($100s) 0.0229 0.0249 0.0236 0.0236 0.0253 0.0224 
 [0.0174] [0.0164] [0.0164] [0.0164] [0.0163] [0.0164] 
Adult emp.ratio,State(x10) -0.0716 -0.0706 -0.0695 -0.0562 -0.0652 -0.0623 
 [0.0488] [0.0487] [0.0487] [0.0498] [0.0494] [0.0491] 
Chicago,IL(=1) -0.0805 -0.0873 -0.0913 -0.0828 -0.0871 -0.092 
 [0.0409]* [0.0358]* [0.0361]* [0.0359]* [0.0358]* [0.0360]* 
Pittsburg,PA(=1) -0.0121 -0.0127 -0.0129 -0.0086 -0.0102 -0.0109 
 [0.0445] [0.0446] [0.0445] [0.0446] [0.0447] [0.0445] 
Los Angeles,CA(=1) -0.0353 -0.0433 -0.0379 -0.0342 -0.0349 -0.032 
 [0.0425] [0.0372] [0.0364] [0.0363] [0.0381] [0.0368] 
Constant 0.0175 0.0208 0.0124 -0.1023 -0.0323 -0.0305 
 [0.4261] [0.4284] [0.4262] [0.4346] [0.4340] [0.4279] 
Observations 5768 5768 5768 5768 5768 5768 
Number of MACS IDs 1013 1013 1013 1013 1013 1013 
R2 within 0.02 0.02 0.02 0.02 0.02 0.02 
R2 between 0.14 0.14 0.14 0.14 0.14 0.14 
R2 overall 0.1 0.1 0.1 0.11 0.11 0.11 
t-statistic on IV coefficients 0.34 -0.01 0.81 1.42 0.63 1.27 
Standard errors in brackets; * Significant at 5%; ** Significant at 1% 
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Table 10 (cont.) 
Probability of Antidepressant Use for the Multicenter AIDS Cohort Study (MACS) 

R a n d o m  E f f e c t s ( R E )  F i r s t  S t a g e  R e g r e s s i o n 
  (5) (6) (6a) (7) (8) (8a) 
IV5:antidep reimb/total Medicaid reimb -0.0035      
 [0.0035]      
IV6:AntidepReimb/Medicaid bene  0.0000     
  [0.0000]     
IV6a:AntidepReimb/adult Medicaid bene  0.000    
   [0.0000]    
IV7:SSRIreimb/total antidep Medicaid reimb   -0.0003   
    [0.0006]   
IV8:SSRI reimb/Medicaid bene     0.0000  
     [0.0000]  
IV8a:SSRI reimb/adult Medicaid bene     0.0000 
      [0.0000] 
Age(10yrs.) 0.0999 0.0988 0.0974 0.0976 0.0985 0.0975 
 [0.0952] [0.0952] [0.0951] [0.0952] [0.0952] [0.0951] 
Age(10yrs.)squared -0.0045 -0.0042 -0.0041 -0.004 -0.0041 -0.0041 
 [0.0104] [0.0104] [0.0104] [0.0104] [0.0104] [0.0104] 
Postgrad. degree(=1) 0.0449 0.0443 0.0447 0.0438 0.0442 0.0446 
 [0.0307] [0.0307] [0.0307] [0.0307] [0.0307] [0.0307] 
African American(=1) -0.088 -0.0857 -0.0856 -0.0858 -0.0856 -0.0855 
 [0.0301]** [0.0300]** [0.0299]** [0.0300]** [0.0300]** [0.0299]** 
Hispanic(=1) -0.0201 -0.0194 -0.0201 -0.0188 -0.0192 -0.0199 
 [0.0451] [0.0450] [0.0450] [0.0451] [0.0450] [0.0450] 
CES-D(x10)at t-1 0.0273 0.0272 0.0271 0.0273 0.0273 0.0272 
 [0.0061]** [0.0061]** [0.0061]** [0.0061]** [0.0061]** [0.0061]** 
Health lim.phys.funct.(x10)at t-1 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 
 [0.0024] [0.0024] [0.0024] [0.0024] [0.0024] [0.0024] 
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CD4(x100)cells at t-1 0.0008 0.0009 0.0009 0.0009 0.0009 0.0009 
 [0.0025] [0.0025] [0.0025] [0.0025] [0.0025] [0.0025] 
Detectable viral load at t-1 -0.0085 -0.0085 -0.008 -0.0087 -0.0085 -0.0081 
 [0.0112] [0.0112] [0.0112] [0.0112] [0.0112] [0.0112] 
Ever CES-D>22(=1) 0.2314 0.2315 0.2315 0.2314 0.2315 0.2315 
 [0.0245]** [0.0245]** [0.0245]** [0.0245]** [0.0245]** [0.0245]** 
Ever CD4<200(=1) 0.0001 -0.0002 -0.0001 -0.0001 -0.0003 -0.0002 
 [0.0271] [0.0270] [0.0270] [0.0271] [0.0270] [0.0270] 
Ever viral load>=1m(=1) -0.0265 -0.0279 -0.028 -0.0269 -0.0278 -0.028 
 [0.1018] [0.1018] [0.1017] [0.1018] [0.1018] [0.1017] 
Unemployment rate at MSA level 0.018 0.0183 0.018 0.0192 0.0184 0.018 
 [0.0090]* [0.0090]* [0.0090]* [0.0089]* [0.0090]* [0.0090]* 
Wk.earnings,MSA($100s) 0.0329 0.0224 0.0191 0.0258 0.0226 0.0192 
 [0.0181] [0.0167] [0.0170] [0.0164] [0.0167] [0.0171] 
Adult emp.ratio,State(x10) -0.0618 -0.0728 -0.0728 -0.072 -0.0717 -0.0715 
 [0.0495] [0.0488] [0.0487] [0.0488] [0.0487] [0.0487] 
Chicago,IL(=1) -0.0893 -0.094 -0.0996 -0.0884 -0.0921 -0.0977 
 [0.0358]* [0.0368]* [0.0371]** [0.0359]* [0.0366]* [0.0369]** 
Pittsburg,PA(=1) -0.0012 -0.021 -0.0237 -0.0137 -0.0188 -0.022 
 [0.0460] [0.0458] [0.0454] [0.0446] [0.0456] [0.0453] 
Los Angeles,CA(=1) -0.0476 -0.043 -0.0439 -0.045 -0.0421 -0.0426 
 [0.0361] [0.0358] [0.0358] [0.0361] [0.0358] [0.0358] 
Constant -0.0554 0.0473 0.076 0.0396 0.0392 0.0661 
 [0.4326] [0.4275] [0.4284] [0.4285] [0.4271] [0.4279] 
Observations 5768 5768 5768 5768 5768 5768 
Number of MACS IDs 1013 1013 1013 1013 1013 1013 
R2 within 0.02 0.02 0.02 0.02 0.02 0.02 
R2 between 0.14 0.14 0.14 0.14 0.14 0.14 
R2 overall 0.11 0.10 0.10 0.11 0.10 0.10 
t-statistic on IV coefficients  -1.00 0.78 1.23 -0.43 0.63 1.13 
Standard errors in brackets; * Significant at 5%; ** Significant at 1% 
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Table 11  

Linear Probability Model of Employment for the Multicenter AIDS Cohort Study (MACS) 

 N a i v e  O L S I n s t r u m e n t a l   V a r i a b l e s ( I V ) 
 OLS RE  OLS FE 1stageRE 2stageRE 1stageFE 2stageFE 
  (1) (2) (3) (4) (5) (6) 
Took antidep since t-1(=1) -0.0537 -0.0293   0.3039   0.4372 
  [0.0122]** [0.01289]*   [0.37562]   [0.4337] 
IV4a:SSRI Rx/adult Medicaid bene(x100)  -0.0019  -0.00049  
   [0.00131]  [0.00130]  
IV4a squared   0.00003  0.00002  
   [0.00002]*  [0.00002]  
Age(10yrs.) 0.3271  0.0949 0.2905   
 [0.0945]**  [0.09515] [0.11008]**   
Age(10yrs.)squared -0.0425  -0.0035 -0.0418   
 [0.0103]**  [0.01041] [0.01142]**   
Postgrad. degree(=1) 0.0859  0.0430 0.0778   
 [0.0333]**  [0.03069] [0.04011]   
African American(=1) -0.1561  -0.0840 -0.1346   
 [0.0319]**  [0.02997]** [0.04572]**   
Hispanic(=1) 0.0443  -0.0186 0.0415   
 [0.0489]  [0.04501] [0.05671]   
CES-D(x10)at t-1 -0.0193 -0.0094 0.0272 -0.0256 0.01501 -0.0166 
 [0.0056]** [0.00578] [0.00608]** [0.01011]* [0.00645]* [0.0094] 
Health lim.phys.funct.(x10)at t-1 0.0159 0.0100 0.0008 0.0140 0.0042 0.0076 
 [0.0022]** [0.00245]** [0.00242] [0.00262]** [0.00273] [0.0036]* 
CD4(x100)cells at t-1 0.0044 0.0005 0.0011 0.0041 0.0008 0.0001 
 [0.0023] [0.00244] [0.00250] [0.00248] [0.00275] [0.0028] 
Detectable viral load at t-1 -0.0184 -0.0087 -0.0095 -0.0140 -0.0261 0.0033 
 [0.0103] [0.01066] [0.01119] [0.01182] [0.01189]* [0.0164] 
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Ever CES-D>22(=1) -0.0975  0.2319 -0.1880   
 [0.0262]**  [0.02445]** [0.09595]   
Ever CD4<200(=1) -0.2036  -0.0001 -0.2069   
 [0.0288]**  [0.02701] [0.03340]**   
Ever viral load>=1m(=1) 0.0581  -0.0272 0.0780   
 [0.1089]  [0.10164] [0.12728]   
Unemployment rate, MSA 0.0060 0.0047 0.0169 -0.0005 0.0219 -0.0047 
 [0.0081] [0.00803] [0.00896] [0.01082] [0.00899]* [0.0126] 
Wk.earnings,MSA($100s) -0.0006 -0.0109 0.0256 -0.0122 0.0339 -0.0288 
 [0.0147] [0.01463] [0.01651] [0.01901] [0.01658]* [0.0235] 
Adult emp.ratio,State(x10) 0.0132 0.0584 -0.0659 0.0346 -0.0807 0.1107 
 [0.0443] [0.04289] [0.04915] [0.05387] [0.04826] [0.0688] 
Chicago,IL(=1) -0.0223  -0.0887 0.0035   
 [0.0371]  [0.03596]* [0.05173]   
Pittsburg,PA(=1) -0.0017  -0.0064 -0.0089   
 [0.0446]  [0.04456] [0.05026]   
Los Angeles,CA(=1) -0.0451  -0.0470 -0.0349   
 [0.0368]  [0.03753] [0.04383]   
Constant -0.0180 0.3038 0.0208 0.0559 0.3925 0.0416 
 [0.3966] [0.32210] [0.42846] [0.42826] [0.36165] [0.4390] 
Observations 5512 5601 5768 5512 5859 5601 
Number of MACS IDs 984 1009 1013 984 1039 1009 
R2 within 0.01 0.01 0.02 0.00 . . 
R2 between 0.21 0.17 0.14 0.07 0.01 0.03 
R2 overall 0.16 0.15 0.11 0.04 0.02 0.02 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

Table reports the coefficients and standard errors [in brackets] for linear probability models where the outcome variable is current employment. In the naive OLS model, 
antidepressant use was assumed to be exogenous. In the IV, 2SLS, use of antidepressants was instrumented using z4 (selective serotonin reuptake inhibitors (SSRI) 
prescriptions per adult Medicaid beneficiary (x100); quarterly data at the State level). 
MSA = Metropolitan Statistical Area.  Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over. 
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Table 12 

 Non-Linear Probability Model of Employment for the Multicenter AIDS Cohort Study (MACS) 

 Naïve Logit 2SRI Logit RE 
 Coeff. ME Coeff. ME 

  (1) (2) (3) (4) 
Used antidepressant since last visit (=1) -0.8408 -0.1229 8.4157 0.6294 
  [0.1545]** [0.0264]** [10.4346] [0.6571] 
Residual (from 1st stage)   -9.2575 -1.1843 
   [10.4359] [1.3380] 
Age(10yrs.) 3.4096 0.4357 2.4942 0.3191 
 [0.9411]** [0.1215]** [1.3895] [0.1778] 
Age(10yrs.)squared -0.428 -0.0547 -0.3885 -0.0497 
 [0.1031]** [0.0134]** [0.1116]** [0.0144]** 
Postgraduate degree(=1) 0.7818 0.0855 0.3822 0.0453 
 [0.2647]** [0.0256]** [0.5340] [0.0585] 
African American(=1) -1.1727 -0.1951 -0.3685 -0.0515 
 [0.2740]** [0.0559]** [0.9361] [0.1423] 
Hispanic(=1) 0.7532 0.0760 0.9341 0.0893 
 [0.4349] [0.0339]* [0.4764]* [0.0330]** 
CES-D(x10)at t-1 -0.3015 -0.0385 -0.554 -0.0709 
 [0.0743]** [0.0098]** [0.2955] [0.0381] 
Health lim.phys.funct.(x10)at t-1 0.2234 0.0285 0.2148 0.0275 
 [0.0276]** [0.0038]** [0.0293]** [0.0040]** 
CD4(x100)cells at t-1 0.084 0.0107 0.0742 0.0095 
 [0.0314]** [0.0040]** [0.0329]* [0.0042]* 
Detectable viral load at t-1(=1) -0.1788 -0.0231 -0.1019 -0.0131 
 [0.1364] [0.0179] [0.1641] [0.0213] 
Ever CES-D>22(=1) -0.6543 -0.0882 -2.801 -0.4392 
 [0.2302]** [0.0335]** [2.4239] [0.4210] 
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Ever CD4<200(=1) -1.6298 -0.2580 -1.6489 -0.2618 
 [0.2444]** [0.0482]** [0.2481]** [0.0494]** 
Ever viral load>=1m(=1) 0.1983 0.0237 0.4048 0.0450 
 [0.9160] [0.1018] [0.9039] [0.0863] 
Unemployment rate at MSA level 0.0932 0.0119 -0.0842 -0.0108 
 [0.1203] [0.0154] [0.2331] [0.0298] 
Wk.earnings,MSA($100s) 0.1009 0.0129 -0.1339 -0.0171 
 [0.2159] [0.0276] [0.3386] [0.0434] 
Adult emp.ratio,State(x10) 0.4417 0.0564 1.1131 0.1424 
 [0.6422] [0.0820] [0.9883] [0.1266] 
Chicago,IL(=1) -0.1429 -0.0187 0.6816 0.0783 
 [0.3494] [0.0468] [0.9833] [0.1015] 
Pittsburg,PA(=1) 0.3739 0.0441 0.521 0.0597 
 [0.4806] [0.0522] [0.5027] [0.0513] 
Los Angeles,CA(=1) -0.2782 -0.0369 0.138 0.0173 
 [0.3672] [0.0507] [0.5911] [0.0729] 
Constant -9.6106  -9.8805  
 [5.3330]  [5.3400]  
Observations 5512 5512 5512 5512 
Number of MACS IDs 984 984 984 984 
Standard errors in brackets     
* Significant at 5%; ** Significant at 1%     
     
Notes:     
Table reports coefficients, marginal effects (ME), and standard errors [in brackets] for  naïve logit and  
two stage residual inclusion (2SRI) model.     
First stage residual obtained using IV4a = SSRI prescriptions per adult    
Medicaid beneficiary (x100) (at the State level, per quarter of visit).   
ME for discrete variables (=1) is a change from 0 to 1.    
MSA = Metropolitan Statistical Area     
Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over. 
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Table 13 

Employment Dynamic Models for the Multicenter AIDS Cohort Study (MACS) 

 N a ï v e  R e g r e s s i o n  I n s t r u m e n t a l   V a r i a b l e s  
 AR1 RE AR1 FE AB AR1 RE AR1 FE AB 
  (1) (2) (3) (4) (5) (6) 
Employed at t-1(=1)   0.1729   0.1726 
   [0.0455]**   [0.0455]** 
Employed at t-2(=1)   0.0585   0.0577 
   [0.0283]*   [0.0283]* 
Employed at t-3(=1)   -0.0312   -0.0309 
   [0.0225]   [0.0225] 
Took antidep since t-1(=1) -0.0424 -0.0074 0.0193 0.3229 0.4719 0.1469 
  [0.0122]** [0.0137] [0.0190] [0.3179] [0.3222] [0.5530] 
Age(10yrs.) 0.3900   0.3548   
 [0.1020]**   [0.1073]**   
Age(10yrs.)squared -0.0482   -0.0469   
 [0.0112]**   [0.0113]**   
Postgraduate degree(=1) 0.0836   0.0688   
 [0.0318]**   [0.0351]   
African American(=1) -0.1474   -0.1177   
 [0.0307]**   [0.0411]**   
Hispanic(=1) 0.0524   0.0582   
 [0.0471]   [0.0482]   
CES-D(x10)at t-1 -0.011 0.0034 0.0174 -0.0199 -0.0039 0.015 
 [0.0052]* [0.0058] [0.0081]* [0.0102] [0.0077] [0.0116] 
Health lim.phys.funct.(x10)at t-1 0.0136 0.0117 0.0109 0.0131 0.0095 0.0104 
 [0.0021]** [0.0035]** [0.0051]* [0.0021]** [0.0038]* [0.0056] 
CD4(x100)cells at t-1 0.0031 0.0006 -0.001 0.0027 0.0002 -0.0012 
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 [0.0023] [0.0028] [0.0037] [0.0024] [0.0028] [0.0038] 
Detectable viral load at t-1 -0.0244 -0.0198 -0.0451 -0.0210 -0.0074 -0.0416 
 [0.0100]* [0.0117] [0.0165]** [0.0104]* [0.0143] [0.0214] 
Ever CES-D>22(=1) -0.1104   -0.1967   
 [0.0251]**   [0.0777]*   
Ever CD4<200(=1) -0.2082   -0.2091   
 [0.0276]**   [0.0281]**   
Ever viral load>=1m(=1) 0.0415   0.0536   
 [0.1038]   [0.1058]   
Unemp.rate, MSA 0.0066 -0.002 0.0056 -0.0008 -0.017 0.0023 
 [0.0083] [0.0061] [0.0119] [0.0105] [0.0118] [0.0182] 
Wk.earnings,MSA($100s) 0.0116 0.0195 0.0074 0.0024 0.0011 0.003 
 [0.0138] [0.0146] [0.0209] [0.0160] [0.0189] [0.0286] 
Adult emp.ratio,State(x10) 0.0647 0.0492 0.0738 0.0836 0.0647 0.0863 
 [0.0455] [0.0178]** [0.0715] [0.0487] [0.0205]** [0.0809] 
Chicago,IL(=1) 0.0064   0.0363   
 [0.0362]   [0.0455]   
Pittsburg,PA(=1) 0.0465   0.0468   
 [0.0440]   [0.0444]   
Los Angeles,CA(=1) -0.0142   -0.0018   
 [0.0369]   [0.0391]   
Constant -0.6002 0.166 -0.0069 -0.5556 0.1642 -0.0068 
 [0.4108] [0.0422]** [0.0027]* [0.4121] [0.0421]** [0.0027]* 
Observations 5512 4592 2780 5517 4597 2780 
Number of MACS IDs 984 808 486 984 808 486 
R2 within 0.01 0.02  0.01 0.02  
R2 between 0.20 0.16  0.19 0.17  
R2 overall 0.15 0.11  0.14 0.12  
Autocorr. coefficient 0.4 0.4  0.4 0.41  
AR(1)test   -13.8   -13.79 
AR(2)test   1.14   1.13 
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Joint Wald χ2   38.48   37.57 
Sargan χ2     224.16     225.09 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

Table reports first-order auto-regressive AR(1), and dynamic Arellano-Bond (AB) models for current employment.  

In the naïve regressions, antidepressant use was assumed to be exogenous.    

In the IV regressions, antidepressant use was instrumented with:      

 z4a (SSRI prescriptions per adult Medicaid beneficiary x100), and z4a squared  

MSA = Metropolitan Statistical Area 

Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over.  
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Table 14  

Linear Probability Model of Employment for the Multicenter AIDS Cohort Study (MACS) 

 Sample Restricted to CES-D>22 at Every Prior Calendar Visit 

 N a i v e  O L S I n s t r u m e n t a l   V a r i a b l e s ( I V ) 
 OLS RE  OLS FE 1stageRE 2stageRE 1stageFE 2stageFE 
  (1) (2) (3) (4) (5) (6) 
Took antidep since t-1(=1) -0.0763 -0.0259   0.2609   0.6091 
  [0.0276]** [0.0332]   [0.6336]   [0.6186] 
IV4a:SSRI Rx/adult Medicaid bene(x100)  -0.0073  -0.0089  
   [0.0048]  [0.0038]*  
IV4a squared   0.0001  0.0001  
   [0.0001]  [0.0000]*  
Age(10yrs.) 0.6784  0.1004 0.6599   
 [0.2341]**  [0.2589] [0.2521]**   
Age(10yrs.)squared -0.0848  -0.0105 -0.0828   
 [0.0262]**  [0.0290] [0.0282]**   
Postgraduate degree(=1) 0.1816  0.0985 0.1526   
 [0.0677]**  [0.0704] [0.0892]   
African American(=1) -0.1977  -0.0713 -0.1783   
 [0.0611]**  [0.0639] [0.0737]*   
Hispanic(=1) 0.1099  -0.0152 0.1110   
 [0.0848]  [0.0888] [0.0904]   
CES-D(x10)at t-1 0.0198 0.0266 -0.0042 0.0236 0.0001 0.0338 
 [0.0174] [0.0196] [0.0220] [0.0210] [0.0000]* [0.0271] 
Health lim.phys.funct.(x10)at t-1 0.0386 0.0344 0.0007 0.0366 -0.0013 0.0186 
 [0.0056]** [0.0074]** [0.0068] [0.0076]** [0.0216] [0.0183] 
CD4(x100)cells at t-1 0.0247 0.0181 0.0177 0.0193 0.0045 0.0047 
 [0.0063]** [0.0094] [0.0073]* [0.0123] [0.0066] [0.0181] 
Detectable viral load at t-1 -0.0536 -0.0534 0.0250 -0.0613 0.0190 -0.0451 
 [0.0280] [0.0328] [0.0350] [0.0339] [0.0072]** [0.0446] 
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Unemp.rate at MSA level -0.0050 0.0015 0.0339 -0.0208 0.0256 -0.0359 
 [0.0248] [0.0266] [0.0321] [0.0384] [0.0343] [0.0509] 
Wk.earnings,MSA($100s) 0.0646 0.0563 0.0506 0.0404 -0.0014 -0.0209 
 [0.0447] [0.0466] [0.0588] [0.0661] [0.0258] [0.0976] 
Adult emp.ratio,State(x10) 0.0518 0.2492 0.1759 -0.0394 0.0649 0.0382 
 [0.1342] [0.1442] [0.1712] [0.2089] [0.0433] [0.2816] 
Chicago,IL(=1) 0.0680  -0.0921 0.0894   
 [0.0808]  [0.0924] [0.0989]   
Pittsburg,PA(=1) 0.0971  0.1112 0.0394   
 [0.1063]  [0.1245] [0.1500]   
Los Angeles,CA(=1) 0.0037  0.0070 -0.0255   
 [0.0830]  [0.1039] [0.1009]   
Constant -1.9189 -1.8403 -1.3934 -1.1582 -0.1582 0.0526 
 [1.1491] [1.0841] [1.4224] [1.7473] [0.8238] [2.3429] 
Observations 817 838 857 817 879 838 
Number of MACS IDs 357 368 372 357 383 368 
R2 within 0.08 0.08 0.01 0.03 0.02 . 
R2 between 0.20 0.09 0.04 0.07 0.02 0.006 
R2 overall 0.21 0.13 0.05 0.06 0.02 0.004 
Standard errors in brackets       
* Significant at 5%; ** Significant at 1%      
Notes:       

Coefficients and standard errors [in brackets] for linear probability models where the outcome variable is current employment (under naive OLS and IV second stage), and 
antidepressant use (in the IV first stage).  The MACS sample was restricted to include men ages 18-65, receiving HAART after April 1, 1996.  At every prior visit HAART had 
been used, and CES-D score was higher than 22.  In the OLS model, antidepressant use was assumed to be exogenous.  In IV models, use of antidepressants since last visit was 
instrumented with variable z4a ( SSRI prescriptions per adult Medicaid beneficiary), and z4a squared. 

MSA = Metropolitan Statistical Area. 
Adult employment ratio= total employed/non-institutionalized civilian population age 16 and over. 
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Figure 1 

Conceptual Framework 

The Effect of Antidepressant Use on Employment  
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Figure 2 

SSRI Rx as Percentage of Antidepressant Medicaid Rx 
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Source: Medicaid drug utilization information for outpatient drugs purchased on or after January 1, 1991, by 
State Medicaid agencies according to reimbursement data reported to the Centers for Medicaid and Medicare 
Services; available on-line at: http://www.cms.hhs.gov/medicaid/drugs/drug5.asp [Accessed on 14 May 
2005]. 
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Figure 3 

Employment and Antidepressant Use over Follow-up Time for WIHS Sample 

 

42.9

33.8

28.7

19.7

13.3

20.1

13.7

0

5

10

15

20

25

30

35

40

45

50

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Follow-up visit since HAART initiation (HAART use at each visit)

 
P
e
r
c
e
n
t
a
g
e
 
o
f
 
r
e
s
p
o
n
d
e
n
t
s
 

% employed

% using antidep

 
 
Source: Women’s Interagency HIV Study (WIHS) data with selection criteria as follows: HIV-positive 
women, ages 18-65, using HAART since April 1, 1996; HAART user since previous calendar visit.  Number 
of eligible participants at baseline: 1,838.  
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Figure 4 

Employment and Antidepressant Use over Follow-up Time  

for Restricted WIHS Sample 
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Source: Women’s Interagency HIV Study (WIHS) data with selection criteria as follows: HIV-positive 
women, ages 18-65, using HAART since April 1, 1996; CES-D score greater than 22 at previous calendar 
visit; HAART user since previous calendar visit.  Number of eligible participants at baseline: 811.  
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Figure 5 

Employment and Antidepressant Use over Follow-up Time for MACS Sample 
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Source: Multicenter AIDS Cohort Study (MACS) data with selection criteria as follows: HIV-positive men, 
ages 18-65, using HAART since April 1, 1996; HAART user since previous calendar visit.  Number of 
eligible participants at baseline: 1,221.  
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Figure 6 

Employment and Antidepressant Use for Restricted MACS Sample 
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Source: Multicenter AIDS Cohort Study (MACS) data with selection criteria as follows: HIV-positive men, 
ages 18-65, using HAART since April 1, 1996; HAART user since previous calendar visit; CES-D score 
greater than 22 at previous calendar visit.  Number of eligible men at baseline: 414. 
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APPENDICES 
 

Appendix A: Instrumental Variables (IV) 
IV Description Rationale for Relevance 

Z1 
Volume of antidepressant prescription 
claims as percentage of total volume of 
Medicaid prescription claims. 

Those living in States where more antidepressants are 
prescribed as percentage of total Medicaid claims are 
more likely to receive antidepressants. 

z2 
Volume of antidepressant prescription 
claims per Medicaid beneficiary (x100).   

As number of antidepressant prescriptions per 
Medicaid beneficiary increases, the likelihood that 
sample beneficiaries receive treatment also increases. 

z2a 

Volume of antidepressant prescription 
claims per adult Medicaid beneficiary 
(x100). 

As number of antidepressant prescriptions per 
Medicaid adult beneficiary increases, the likelihood 
that sample beneficiaries receive treatment also 
increases. 

z3 

Volume of Medicaid prescriptions claims 
for selective serotonin reuptake inhibitors 
(SSRIs) as percentage of total volume of 
Medicaid antidepressant prescriptions. 

Participants have a higher chance of receiving 
antidepressants in States where SSRI diffusion has 
been more rapid, and where State programs are more 
generous. 

z4 
Volume of SSRI prescription claims per 
Medicaid beneficiary (x100). 

As SSRI prescriptions per Medicaid beneficiary 
increase, the likelihood that the participants receive 
treatment also increases. 

z4a 
Volume of SSRI prescription claims per 
total adult Medicaid beneficiary (x100). 

As SSRI prescriptions per adult Medicaid beneficiary 
increase, the likelihood that the participants receive 
treatment also increases. 

z5 
 

Reimbursement amount for 
antidepressant prescription claims as 
percentage of total amount of Medicaid 
reimbursement claims. 

Those living in States where more money for 
antidepressants is reimbursed as percentage of total 
Medicaid reimbursements are more likely to receive 
antidepressants. 

z6 
Reimbursement amount for 
antidepressant prescription claims per 
Medicaid beneficiary (x100). 

As amount spent on antidepressants per Medicaid 
beneficiary increase, the likelihood that sample 
beneficiaries receive treatment also increases. 

z6a 
 

Reimbursement amount for 
antidepressant prescription claims per 
adult Medicaid beneficiary (x100). 
 

As the amount spent on antidepressant prescriptions 
per Medicaid adult beneficiary increases, the 
likelihood that sample beneficiaries receive treatment 
also increases. 

z7 
SSRI reimbursement amount as 
percentage of total antidepressant 
Medicaid reimbursements. 

Participants have a higher chance of receiving 
antidepressants in States where higher payments for 
SSRIs have been made. 

z8 
SSRI reimbursement amount per 
Medicaid beneficiary (x100). 

As the SSRI payments per Medicaid beneficiary 
increase, the likelihood that the participants receive 
treatment also increases. 

z8a 
SSRI reimbursement amount per adult 
Medicaid beneficiary (x100). 

As SSRI payments per adult Medicaid beneficiary 
increase, the likelihood that the participants receive 
treatment also increases. 

 
Notes: All of 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 WIHS and MACS according to the relevant State and visit date.  CMS defines 
number of prescriptions in each State data file as “The number of prescriptions reimbursed to pharmacists for the drug for the quarter 
covered”; and the total reimbursed amount as “The total amount the State reimbursed to pharmacists for the drug for the quarter covered.”   
 
Sources: Data on claims refers to Medicaid drug utilization information for outpatient drugs purchased on or after January 1, 1991, by 
State Medicaid agencies according to reimbursement data reported to the Centers for Medicaid and Medicare Services; available on-line 
at: http://www.cms.hhs.gov/medicaid/drugs/drug5.asp [Accessed on 14 May 2005].   Data on Medicaid beneficiaries are from the 
Medicaid Statistical Information System (MSIS) State Summary Datamart (SSD); available on-line at: http://bizapps.cms.hhs.gov/msis/ 
[Accessed on 7 June 2005]. 
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Appendix B: Medicaid beneficiaries (in thousands) by State, 1996-2004   

 
Year/State  CA   DC   IL   MD   NY  PA 

1996  5,107      143    1,454         399    3,281    1,168  
1997  4,855      128    1,400         402    3,152    1,025  
1998  7,082      166    1,364         561    3,073    1,523  
1999  6,801      133    1,455         586    3,234    1,554  
2000  7,918      139    1,519         626    3,420    1,492  
2001  8,583      141    1,658         656    3,591    1,558  
2002  9,301      144    1,731         693    3,921    1,627  
2003  9,319      158    1,830  729*    4,450    1,722  
2004*  9,337      172    1,929         765    4,979    1,816  

*Preliminary estimates 
 
Sources:  
MSIS State Summary, for years 1996-1998. Medicaid Statistical Information System (MSIS), Centers for 
Medicare and Medicaid Services.  Available on line at: http://www.cms.hhs.gov/medicaid/msis/mstats.asp 
[Accessed on 17 June 2005];  CMS DataMart for years 1999-2003.  Medicaid Statistical Information System 
(MSIS) State Summary Datamart), Centers for Medicare and Medicaid Services. Available on line at: 
http://msis.cms.hhs.gov/ [Accessed 21 August 2005]. 
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Appendix C: List of Antidepressants by Class 

  SSRIs Proprietary Names 
1 Citalopram Hydrobromide Celexa 
2 Escitalopram oxalate Lexapro 
3 Fluvoxamine  Luvox 
4 Paroxetine  Paxil, Pexeva 
5 Fluoxetine  Prozac, Sarafem 
6 Sertraline Zoloft 
7 Olanzapine/fluoxetine Symbyax 

  TCAs   
8 Amitriptyline Elavil, Endep 
9 Amitriptyline/Chlordiazepoxide Limbitrol 

10 Amoxapine Amoxapine, Asendin, Asendis, Defanyl, Demolox 
11 Clomipramine Anafranil 
12 Desipramine Norpramin 
13 Desipramine Pertofrane 
14 Doxepin Adapin, Sinequan, Zonalon 
15 Imipramine Tofranil 
16 Maprotiline Ludiomil 
17 Nortryptyline Aventyl HCl, Pamelor 
18 Protriptyline Vivactil 
19 Trimipramine Surmontil 
  MAOIs   
20 Phenelzine Nardil, Triavil 
21 Tranylcypromine Parnate 
22 Isocarboxazid Marplan 
  Others   
23 Bupropion Wellbutrin, Zyban 
24 Buspirone Buspar 
25 Duloxetine Cymbalta 
26 Liothyronine  Cytomel, Triostat  
27 Lithium  Eskalith, Lithane, Lithobid, Lithotabs  
28 Methylphenidate  Ritalin, Ritalin-SR  
29 Mirtazapine Remeron 
30 Nefazodone Serzone  
31 Reboxetine Edronax, Vestra  
32 Thioridazine  Mellaril, Mellaril-S  
33 Trazodone Desyrel  
34 Venlafaxine Effexor  
35 Perphenazine/Amitriptyline Etrafon 
36 Chlordiazepoxide / Amitriptyline  Limbitrol 
37 Phenelzine sulfate Nardil, Nardelzine 

Classes: Tricyclic antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs), monoamine oxidase inhibitors (MAOIs). 
Sources: Food and Drug Administration, Center for Drug Evaluation and Research, on-line at: 
http://www.fda.gov/cder/drug/antidepressants/MDD_alldruglist.pdf [Accessed 6 June 2005]; eMedicine Drug Search Database from the 
eMedicine Clinical Knowledge Database by Johns Hopkins Medicine, on-line at: http://www.imedicine.com [accessed June 6, 2005]; and 
the complete drug reference database, MARTINDALE by Thomson MICROMEDEX, available on-line at: 
http://healthcare.thomsonhc.com/hcs/librarian [Accessed on 7 December 2004]. 
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Appendix D:  Local Area Earnings, Employment and Unemployment 

 
Earnings 
 
We constructed average earnings for the relevant Metropolitan Statistical Areas (MSAs) 
using data from the Current Population Survey (CPS), a monthly household survey 
conducted by the Bureau of the Census for the Bureau of Labor Statistics.   
 
The CPS provides comprehensive information on the employment and unemployment 
experience of the U.S. population.  The Bureau of Labor Statistics (BLS) conducts the 
Earner Study (Outgoing Rotation) that includes basic questions for each of the twelve 
months and also a special set of earners questions, including weekly earnings.  The survey 
asks these questions to the portion of the population that corresponds to wage and salaried 
workers (self-employed persons in incorporated businesses are excluded).  These data are 
collected in the two outgoing rotation groups as a part of the basic CPS labor force 
interview.  We used the following variables from the survey: month of interview, 
educational attainment, weekly earnings before deductions, total hours worked last week, 
and the earnings weight.  We estimated weighted average weekly earnings for each month 
for every year between 1996 and 2004 for the following consolidated MSAs: Chicago-
Gary-Kenosha, IL-IN-WI; Los Angeles-Riverside-Orange County, CA; New York-
Northern New Jersey-Long Island, NY-NJ-CT-PA; San Francisco-Oakland-San Jose, CA; 
Pittsburgh-Beaver Valley, PA; and Washington-Baltimore, DC-MD-VA-WV.   
 
The questionnaire responses are given in current dollars.  To express these earnings in 
constant terms, we used the monthly CPI for the respective MSA.  Hence, the average 
weekly earnings are expressed in constant dollars of January 1994. 
   
Since the CPS Earners Study allows estimation of earnings based on the educational 
characteristics of the sample, we constructed a low estimate of earnings based on 
educational achievement.  Low earnings estimates (used for WIHS participants) correspond 
to the average earnings for educational attainment equal to or below high school graduate 
level.  High earnings estimates (used for MACS participants) correspond to the average 
earnings for educational attainment for four-year college graduates.    
 
Sources:  
 
Bureau of Labor Statistics.  2005. Current Population Survey.  Available on-line at: 
http://www.bls.gov/cps/home.htm [Accessed on 17 August 2005].  
 
Unicon Research Corporation, Data Utilities for Population Research.  Available on-line at: 
http://www.unicon.com/ [Accessed on 7 September 2005]. 
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Unemployment Rate 
 
We used the data for unemployment 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. 
 
The basic concepts involved in identifying the employed and unemployed are as follows:  
Persons who have jobs are employed; persons who are jobless, looking for jobs, and 
available for work are unemployed; and persons who are neither employed nor unemployed 
are not in the labor force.  The unemployment rate is defined as the number of unemployed 
persons as a percent of the labor force (Ehrenberg and Smith 2003).   
 
We retrieved monthly data for the unemployment rate for every year between 1996 and 
2004 for the following MSAs: Baltimore-Towson, MD; Chicago-Naperville-Joliet, IL-IN-
WI; Los Angeles-Long Beach-Santa Ana, CA; New York-Northern New Jersey-Long 
Island, NY-NJ-PA; Pittsburgh, PA; San Francisco-Oakland-Fremont, CA; Washington-
Arlington-Alexandria, DC-VA-MD-WV.  Then, we calculated quarterly averages to assign 
to each individual observation in WIHS and MACS depending on visit date and site. 
 
LAUS is a cooperative effort between federal and State agencies to prepare monthly 
estimates of total employment and unemployment for approximately 7,200 areas including 
Census regions and divisions, States, and Metropolitan Statistical Areas. 
  
These employment and unemployment estimates are key indicators of the economic 
conditions at the local level.  The concepts and definitions underlying LAUS data are 
derived from the Current Population Survey (CPS), the household survey that is the official 
measure of the labor force for the nation.  The models at the State level are controlled to 
aggregate to the monthly labor force estimates from the CPS at national level in “real 
time”.   The models use current and historical data from the CPS, the Current Employment 
Statistics (CES) program, and State unemployment insurance (UI) systems.  
 
Source: Bureau of Labor Statistics.  2005.  Local Area Unemployment.  Available on-line 
at: http://www.bls.gov/lau/home.htm [Accessed on September 7th, 2005] 
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Adult Employment Ratio at the State Level 
 
To 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).  The BLS does not produce time series with the 
NCP16+ for the MSA level; thus, we used The Geographical Profile of Employment and 
Unemployment series that reports the NCP16+ at the State level on a yearly basis. 
 
 
More specifically, discouraged workers are persons who are not in the labor force, but who 
want and are available for a job, and who have looked for work sometime in the past 12 
months (or since the end of their last job if they held one within the past 12 months).  
However, they are not currently looking for a job because they believe there are no jobs 
available or there are none for which they would qualify. 
 
 
Sources: Bureau of Labor Statistics (various years).  Geographical Profile of Employment 
and Unemployment, 1996-2004.  Washington, D.C.: Bureau of Labor Statistics. 
 
Bureau of Labor Statistics.  2005. Local Area Unemployment.  Available on-line at: 
http://www.bls.gov/lau/home.htm [Accessed on September 7th, 2005]. 
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Appendix E: Instrumental Variables Tests 
 

 
Validity Tests 
 
To test for IV validity (i.e., that the instruments should not have any direct influence on the 
outcome), we performed exclusion restrictions tests by including the instrumental variables 
z4 and z4a (in quadratic form) directly in the outcome regression, and computing relevant 
likelihood ratio tests.  We carried out a test for Sargan overidentification tests (Cameron 
and Trivedi 2005) with a joint null hypothesis that the instruments were valid (i.e., 
uncorrelated with the error term in the outcome regression), and that the excluded 
instruments are correctly excluded from the estimated equation.  Under the null, the test 
statistic is distributed as χ2 in the number of overidentifying restrictions.  A rejection casts 
doubt on the validity of the instruments.   
 
The Sargan statistic (overidentification test of all instruments) for the WIHS was 3.072 
with a p-value of 0.0796, thus we accepted the null of instrument validity.  The Sargan 
statistic (overidentification test of all instruments) for the MACS was 0.654 with a p-value 
of 0.4186; thus, the instruments for the MACS seemed to be valid as well.   
 
 
Relevance Tests 
 
In addition to reporting the t-statistics of the first stage IV regression coefficients, we 
conducted tests to check that the IVs were relevant (i.e., that they were strong predictors of 
treatment).  We first conducted likelihood ratio tests for z4 and z4a (in quadratic form) for 
WIHS and MACS respectively.  These tests rejected the hypotheses that the IVs were equal 
to zero in the treatment equation.   
 
In addition, we performed an Anderson canonical correlations likelihood-ratio test to see if 
the first-stage equation was identified (i.e., that the excluded instruments were relevant).  
The null hypothesis was that the matrix of reduced form coefficients had rank K-1, where K 
is number of regressors (i.e, Ho: equation is underidentified).  Under the null of 
underidentification, the statistic is distributed as χ2 with degrees of freedom equal to L-
K+1, where L is the number of instruments (included and excluded).  This statistic provides 
a measure of instrument relevance; rejection of the null indicates that the model is 
identified.   
 
For the WIHS, the χ2 was 61.46 with a p-value of 0.000; clearly rejecting the null of 
underidentification.  For the MACS, the χ2 was 5.22 with a p-value of 0.0737; thus, failing 
to reject at the 10 percent level.  
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Weak IV Tests 
 
To test whether the instrumental variables were weak, we checked the Cragg-Donald 
statistic as suggested by Stock and Yogo (Stock and Yogo 2002).  The null hypothesis is 
presence of weak instruments (i.e., that the IVs are only weakly identified; or that they only 
weakly help to predict treatment).   
 
For the WIHS model, the critical value for 2SLS, for one endogenous regressor, and seven 
exogenous regressors is 19.86 [see pg. 58 in (Stock and Yogo 2002)]., and the Cragg-
Donald statistic was 30.87; thus rejecting the null hypothesis of weak identification.  On the 
contrary, for the MACS model, the Cragg-Donald statistic was 2.60; thus failing to reject 
the null hypothesis of weak identification. 
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Instrumental Variables Tests for WIHS LPM (STATA Output) 
 
. *z4 is prescriptions for SSRIs per Medicaid beneficiary (times 100) 
 
. xtivreg2 employ (antidep=z4 z4sq) $XFE, fe i (wihsid) first 
Warning - singleton groups detected.  270 observation(s) not used. 
 
 
FIXED EFFECTS ESTIMATION 
------------------------ 
 
Number of groups =      1254                    Obs per group: min =         2 
                                                               avg =       4.8 
                                                               max =        12 
First-stage regressions 
----------------------- 
 
First-stage regression of antidep: 
 
 
FIXED EFFECTS ESTIMATION 
------------------------ 
Number of groups =      1254                    Obs per group: min =         2 
                                                               avg =       4.8 
                                                               max =        12 
 
Ordinary Least Squares (OLS) regression 
--------------------------------------- 
                                                      Number of obs =     6035 
                                                      F(  9,  4772) =    10.22 
                                                      Prob > F      =   0.0000 
Total (centered) SS     =  369.7519841                Centered R2   =   0.0189 
Total (uncentered) SS   =  369.7519841                Uncentered R2 =   0.0189 
Residual SS             =  362.7621397                Root MSE      =    .2757 
 
------------------------------------------------------------------------------ 
     antidep |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
    cesdprev |   .0010357   .0005657     1.83   0.067    -.0000733    .0021446 
qlindx10prev |  -.0041486   .0037649    -1.10   0.271    -.0115296    .0032324 
 cd4n100prev |   .0018712   .0026911     0.70   0.487    -.0034046     .007147 
 vload80prev |  -.0068904   .0105649    -0.65   0.514    -.0276025    .0138217 
   unemp_msa |   .0253722   .0061181     4.15   0.000     .0133778    .0373665 
  earn100msa |  -.0206058   .0251572    -0.82   0.413    -.0699256     .028714 
     emp10st |   .0653363   .0267451     2.44   0.015     .0129036     .117769 
          z4 |   .0401897   .0061566     6.53   0.000       .02812    .0522595 
        z4sq |  -.0012835   .0002643    -4.86   0.000    -.0018016   -.0007653 
------------------------------------------------------------------------------ 
 
Partial R-squared of excluded instruments:   0.0128 
 
Test of excluded instruments: 
  F(  2,  4772) =    30.87 
  Prob > F      =   0.0000 
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Summary results for first-stage regressions 
------------------------------------------- 
                Shea 
Variable    | Partial R2    |    Partial R2    F(  2,  4772)    P-value 
antidep     |   0.0128      |      0.0128          30.87         0.0000 
 
Underidentification tests: 
                                                 Chi-sq(2)      P-value 
Anderson canon. corr. likelihood ratio stat.       61.46         0.0000 
Cragg-Donald N*minEval stat.                       61.86         0.0000 
Ho: matrix of reduced form coefficients has rank=K-1 (underidentified) 
Ha: matrix has rank>=K (identified) 
 
 
Weak identification statistics: 
Cragg-Donald (N-L)*minEval/L2 F-stat      30.87 
 
 
Anderson-Rubin test of joint significance of 
endogenous regressors B1 in main equation, Ho:B1=0 
  F(2,4772)=     3.22      P-val=0.0399 
  Chi-sq(2)=     6.46      P-val=0.0396 
 
Number of observations N           =       6035 
Number of regressors   K           =          8 
Number of instruments  L           =          9 
Number of excluded instruments L2  =          2 
 
Instrumental variables (2SLS) regression 
---------------------------------------- 
                                                      Number of obs =     6035 
                                                      F(  8,  4773) =     4.34 
                                                      Prob > F      =   0.0000 
Total (centered) SS     =  442.8254329                Centered R2   =  -0.0435 
Total (uncentered) SS   =  442.8254329                Uncentered R2 =  -0.0435 
Residual SS             =   462.091701                Root MSE      =    .3109 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |    .251237   .1434987     1.75   0.080    -.0300153    .5324892 
    cesdprev |  -.0005454   .0006545    -0.83   0.405    -.0018283    .0007375 
qlindx10prev |   .0151237   .0043047     3.51   0.000     .0066867    .0235607 
 cd4n100prev |   .0063241   .0030953     2.04   0.041     .0002575    .0123907 
 vload80prev |   .0125832   .0119866     1.05   0.294    -.0109102    .0360766 
   unemp_msa |  -.0086837   .0075101    -1.16   0.248    -.0234033    .0060358 
  earn100msa |   .0219808   .0282303     0.78   0.436    -.0333495    .0773112 
     emp10st |   .0318672   .0309132     1.03   0.303    -.0287215    .0924559 
------------------------------------------------------------------------------ 
Anderson canon. corr. LR statistic (identification/IV relevance test):  61.463 
                                                   Chi-sq(2) P-val =    0.0000 
------------------------------------------------------------------------------ 
Sargan statistic (overidentification test of all instruments):           3.072 
                                                   Chi-sq(1) P-val =    0.0796 
------------------------------------------------------------------------------ 
Instrumented:         antidep 
Included instruments: cesdprev qlindx10prev cd4n100prev vload80prev unemp_msa 
                      earn100msa emp10st 
Excluded instruments: z4 z4sq 
------------------------------------------------------------------------------ 
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Instrumental Variables Tests for MACS LPM (STATA Output) 
 
 
. *z4a is prescriptions for SSRIs per adult Medicaid beneficiary (times 100) 
 
. xtivreg2 employ (antidep=z4a z4asq) $XFE, fe i (macsid) first 
Warning - singleton groups detected.  201 observation(s) not used. 
 
 
FIXED EFFECTS ESTIMATION 
------------------------ 
Number of groups =       808                    Obs per group: min =         2 
                                                               avg =       6.7 
                                                               max =        16 
 
First-stage regressions 
----------------------- 
 
First-stage regression of antidep: 
 
 
FIXED EFFECTS ESTIMATION 
------------------------ 
Number of groups =       808                    Obs per group: min =         2 
                                                               avg =       6.7 
                                                               max =        16 
Ordinary Least Squares (OLS) regression 
--------------------------------------- 
                                                      Number of obs =     5400 
                                                      F(  9,  4583) =     7.06 
                                                      Prob > F      =   0.0000 
Total (centered) SS     =  355.7913697                Centered R2   =   0.0137 
Total (uncentered) SS   =  355.7913697                Uncentered R2 =   0.0137 
Residual SS             =  350.9257979                Root MSE      =    .2767 
 
------------------------------------------------------------------------------ 
     antidep |      Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
  cesd10prev |   .0151449   .0066156     2.29   0.022      .002175    .0281147 
    hf10prev |    .004972   .0028048     1.77   0.076    -.0005268    .0104708 
 cd4n100prev |   .0008854   .0028005     0.32   0.752    -.0046049    .0063757 
 vload80prev |  -.0255677    .012263    -2.08   0.037    -.0496091   -.0015263 
   unemp_msa |   .0179226   .0092531     1.94   0.053     -.000218    .0360631 
  earn100msa |    .036696   .0169692     2.16   0.031     .0034281    .0699638 
     emp10st |  -.1039445   .0496438    -2.09   0.036    -.2012703   -.0066187 
         z4a |  -.0007696   .0013237    -0.58   0.561    -.0033648    .0018255 
       z4asq |   .0000215   .0000164     1.31   0.191    -.0000107    .0000536 
------------------------------------------------------------------------------ 
 
Partial R-squared of excluded instruments:   0.0011 
 
Test of excluded instruments: 
  F(  2,  4583) =     2.60 
  Prob > F      =   0.0741 
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Summary results for first-stage regressions 
------------------------------------------- 
                Shea 
Variable    | Partial R2    |    Partial R2    F(  2,  4583)    P-value 
antidep     |   0.0011      |      0.0011           2.60         0.0741 
 
Underidentification tests: 
                                                 Chi-sq(2)      P-value 
Anderson canon. corr. likelihood ratio stat.        5.22         0.0737 
Cragg-Donald N*minEval stat.                        5.22         0.0736 
Ho: matrix of reduced form coefficients has rank=K-1 (underidentified) 
Ha: matrix has rank>=K (identified) 
 
Weak identification statistics: 
Cragg-Donald (N-L)*minEval/L2 F-stat       2.60 
 
Anderson-Rubin test of joint significance of 
endogenous regressors B1 in main equation, Ho:B1=0 
  F(2,4583)=     1.07      P-val=0.3422 
  Chi-sq(2)=     2.15      P-val=0.3414 
 
Number of observations N           =       5400 
Number of regressors   K           =          8 
Number of instruments  L           =          9 
Number of excluded instruments L2  =          2 
 
Instrumental variables (2SLS) regression 
---------------------------------------- 
                                                      Number of obs =     5400 
                                                      F(  8,  4584) =     2.65 
                                                      Prob > F      =   0.0067 
Total (centered) SS     =  269.1984862                Centered R2   =  -0.2774 
Total (uncentered) SS   =  269.1984862                Uncentered R2 =  -0.2774 
Residual SS             =  343.8644397                Root MSE      =    .2736 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |   .4372393   .4333182     1.01   0.313    -.4120487    1.286527 
  cesd10prev |  -.0166083   .0093666    -1.77   0.076    -.0349665      .00175 
    hf10prev |   .0075572   .0035571     2.12   0.034     .0005854    .0145289 
 cd4n100prev |   .0001138   .0027892     0.04   0.967    -.0053529    .0055806 
 vload80prev |   .0033221   .0164253     0.20   0.840     -.028871    .0355152 
   unemp_msa |  -.0047208   .0126041    -0.37   0.708    -.0294244    .0199827 
  earn100msa |  -.0288038   .0235065    -1.23   0.220    -.0748757    .0172681 
     emp10st |   .1107182   .0687297     1.61   0.107    -.0239894    .2454259 
------------------------------------------------------------------------------ 
Anderson canon. corr. LR statistic (identification/IV relevance test):   5.216 
                                                   Chi-sq(2) P-val =    0.0737 
------------------------------------------------------------------------------ 
Sargan statistic (overidentification test of all instruments):           0.654 
                                                   Chi-sq(1) P-val =    0.4186 
------------------------------------------------------------------------------ 
Instrumented:         antidep 
Included instruments: cesd10prev hf10prev cd4n100prev vload80prev unemp_msa 
                      earn100msa emp10st 
Excluded instruments: z4a z4asq 
------------------------------------------------------------------------------ 

 



 

 126

Appendix F: Hausman Model Specification Tests 
 
 
WIHS NAÏVE REGRESSION MODEL 
 
. xtreg employ antidep $X, re i(wihsid)  
 
Random-effects GLS regression                   Number of obs      =      6305 
Group variable (i): wihsid                      Number of groups   =      1524 
 
R-sq:  within  = 0.0064                         Obs per group: min =         1 
       between = 0.1483                                        avg =       4.1 
       overall = 0.1166                                        max =        12 
 
Random effects u_i ~ Gaussian                   Wald chi2(8)       =    201.98 
corr(u_i, X)       = 0 (assumed)                Prob > chi2        =    0.0000 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |  -.0109701    .014579    -0.75   0.452    -.0395443    .0176042 
    cesdprev |  -.0015543   .0005629    -2.76   0.006    -.0026575   -.0004511 
qlindx10prev |   .0265332   .0036357     7.30   0.000     .0194074    .0336589 
 cd4n100prev |   .0132104   .0023554     5.61   0.000     .0085939    .0178268 
 vload80prev |  -.0025556   .0108124    -0.24   0.813    -.0237474    .0186363 
   unemp_msa |  -.0132093    .005935    -2.23   0.026    -.0248417    -.001577 
  earn100msa |   .0096151   .0250971     0.38   0.702    -.0395743    .0588044 
     emp10st |   .0655932   .0257091     2.55   0.011     .0152043    .1159821 
       _cons |  -.2553073   .2037642    -1.25   0.210    -.6546778    .1440633 
-------------+---------------------------------------------------------------- 
     sigma_u |  .31774253 
     sigma_e |  .30353352 
         rho |  .52285873   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
 
. hausman fixed . 
 
                 ---- Coefficients ---- 
             |      (b)          (B)            (b-B)     sqrt(diag(V_b-V_B)) 
             |     fixed          .          Difference          S.E. 
-------------+---------------------------------------------------------------- 
     antidep |    .0046521    -.0109701        .0156222        .0061794 
    cesdprev |   -.0002926    -.0015543        .0012617        .0002668 
qlindx10prev |    .0138703     .0265332       -.0126628        .0019863 
 cd4n100prev |    .0077488     .0132104       -.0054615        .0017141 
 vload80prev |    .0101969    -.0025556        .0127524        .0042708 
   unemp_msa |   -.0034408    -.0132093        .0097685        .0031274 
  earn100msa |    .0208064     .0096151        .0111913        .0113748 
     emp10st |    .0451417     .0655932       -.0204515        .0139221 
------------------------------------------------------------------------------ 
                           b = consistent under Ho and Ha; obtained from xtreg 
            B = inconsistent under Ha, efficient under Ho; obtained from xtreg 
 
    Test:  Ho:  difference in coefficients not systematic 
 
                  chi2(8) = (b-B)'[(V_b-V_B)^(-1)](b-B) 
                          =      138.30 
                Prob>chi2 =      0.0000 
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WIHS INSTRUMENTAL VARIABLES MODEL 
 
. xtivreg employ (antidep=z4)$X, fe i (wihsid)  
 
Fixed-effects (within) IV regression         Number of obs      =         6305 
Group variable: wihsid                       Number of groups   =         1524 
 
R-sq:  within  =      .                      Obs per group: min =            1 
       between = 0.0003                                     avg =          4.1 
       overall = 0.0010                                     max =           12 
                                             Wald chi2(8)       =   6782.53 
 
corr(u_i, Xb)  = -0.1625                     Prob > chi2        =    0.0000 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |   .4489402   .1923399     2.33   0.020     .0719608    .8259195 
    cesdprev |  -.0007481   .0007004    -1.07   0.285     -.002121    .0006247 
qlindx10prev |   .0161286   .0045763     3.52   0.000     .0071592    .0250979 
 cd4n100prev |   .0051818   .0033333     1.55   0.120    -.0013513    .0117149 
 vload80prev |   .0144964   .0126837     1.14   0.253    -.0103631    .0393559 
   unemp_msa |  -.0128873   .0083078    -1.55   0.121    -.0291703    .0033957 
  earn100msa |   .0229225   .0297542     0.77   0.441    -.0353947    .0812396 
     emp10st |   .0212242   .0331985     0.64   0.523    -.0438436     .086292 
       _cons |  -.0075974   .2466476    -0.03   0.975    -.4910179     .475823 
-------------+---------------------------------------------------------------- 
     sigma_u |  .42018224 
     sigma_e |  .32761116 
         rho |  .62192389   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
F  test that all u_i=0:     F(1523,4773) =     4.93       Prob > F    = 0.0000 
------------------------------------------------------------------------------ 
 
Instrumented:  antidep 
 
Instruments:   cesdprev qlindx10prev cd4n100prev vload80prev unemp_msa earn100msa 
emp10st z4 
 
 
. est store fixedIV 
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. xtivreg employ (antidep=z4) $X, re i(wihsid) 
 
G2SLS random-effects IV regression              Number of obs      =      6305 
Group variable: wihsid                          Number of groups   =      1524 
 
R-sq:  within  = 0.0029                         Obs per group: min =         1 
       between = 0.0649                                        avg =       4.1 
       overall = 0.0498                                        max =        12 
                                                Wald chi2(8)       =     91.40 
corr(u_i, X)       = 0 (assumed)                Prob > chi2        =    0.0000 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |   .1682957   .1986192     0.85   0.397    -.2209907    .5575821 
    cesdprev |  -.0010261   .0006016    -1.71   0.088    -.0022053    .0001531 
qlindx10prev |   .0210155   .0041364     5.08   0.000     .0129083    .0291227 
 cd4n100prev |   .0092202   .0027376     3.37   0.001     .0038546    .0145859 
 vload80prev |   .0064678   .0106797     0.61   0.545    -.0144639    .0273996 
   unemp_msa |  -.0104779   .0068592    -1.53   0.127    -.0239217     .002966 
  earn100msa |   .0190044   .0247883     0.77   0.443    -.0295798    .0675887 
     emp10st |   .0426816   .0273807     1.56   0.119    -.0109837    .0963468 
       _cons |  -.1516516   .2030017    -0.75   0.455    -.5495276    .2462245 
-------------+---------------------------------------------------------------- 
     sigma_u |  .64731307 
     sigma_e |  .32761116 
         rho |  .79608541   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
 
Instrumented:   antidep 
 
Instruments:   cesdprev qlindx10prev cd4n100prev vload80prev unemp_msa earn100msa 
emp10st z4 
 
. hausman fixedIV . 
 
                 ---- Coefficients ---- 
             |      (b)          (B)            (b-B)     sqrt(diag(V_b-V_B)) 
             |    fixedIV         .          Difference          S.E. 
-------------+---------------------------------------------------------------- 
     antidep |    .4489402     .1682957        .2806445               . 
    cesdprev |   -.0007481    -.0010261         .000278        .0003587 
qlindx10prev |    .0161286     .0210155       -.0048869        .0019577 
 cd4n100prev |    .0051818     .0092202       -.0040384        .0019016 
 vload80prev |    .0144964     .0064678        .0080286        .0068425 
   unemp_msa |   -.0128873    -.0104779       -.0024094        .0046873 
  earn100msa |    .0229225     .0190044         .003918        .0164576 
     emp10st |    .0212242     .0426816       -.0214574        .0187732 
------------------------------------------------------------------------------ 
                         b = consistent under Ho and Ha; obtained from xtivreg 
          B = inconsistent under Ha, efficient under Ho; obtained from xtivreg 
 
    Test:  Ho:  difference in coefficients not systematic 
 
                  chi2(8) = (b-B)'[(V_b-V_B)^(-1)](b-B) 
                          =       22.10 
                Prob>chi2 =      0.0047 
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MACS NAÏVE REGRESSION MODEL 
 
xtreg employ antidep $X, re i(macsid)  
 
Random-effects GLS regression                   Number of obs      =      5601 
Group variable (i): macsid                      Number of groups   =      1009 
 
R-sq:  within  = 0.0060                         Obs per group: min =         1 
       between = 0.2138                                        avg =       5.6 
       overall = 0.1828                                        max =        16 
 
Random effects u_i ~ Gaussian                   Wald chi2(8)       =    161.62 
corr(u_i, X)       = 0 (assumed)                Prob > chi2        =    0.0000 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |  -.0604233   .0120835    -5.00   0.000    -.0841065     -.03674 
  cesd10prev |  -.0244983   .0053752    -4.56   0.000    -.0350334   -.0139631 
    hf10prev |   .0184155   .0022335     8.25   0.000      .014038     .022793 
 cd4n100prev |   .0076822      .0022     3.49   0.000     .0033702    .0119942 
 vload80prev |  -.0149474   .0102334    -1.46   0.144    -.0350044    .0051097 
   unemp_msa |    .000682   .0074804     0.09   0.927    -.0139793    .0153433 
  earn100msa |  -.0092877    .013317    -0.70   0.486    -.0353885    .0168131 
     emp10st |   .0365951   .0382627     0.96   0.339    -.0383985    .1115886 
       _cons |   .3498866   .2769063     1.26   0.206    -.1928398     .892613 
-------------+---------------------------------------------------------------- 
     sigma_u |  .35755658 
     sigma_e |  .24151474 
         rho |  .68669782   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
 
. hausman fixed . 
 
                 ---- Coefficients ---- 
             |      (b)          (B)            (b-B)     sqrt(diag(V_b-V_B)) 
             |     fixed          .          Difference          S.E. 
-------------+---------------------------------------------------------------- 
     antidep |   -.0293416    -.0604233        .0310817        .0044739 
  cesd10prev |   -.0093878    -.0244983        .0151104         .002112 
    hf10prev |    .0099564     .0184155       -.0084591        .0010023 
 cd4n100prev |    .0005214     .0076822       -.0071608        .0010527 
 vload80prev |   -.0086671    -.0149474        .0062802        .0029946 
   unemp_msa |    .0046816      .000682        .0039996         .002909 
  earn100msa |    -.010852    -.0092877       -.0015643        .0060662 
     emp10st |    .0583605     .0365951        .0217654        .0193868 
------------------------------------------------------------------------------ 
                           b = consistent under Ho and Ha; obtained from xtreg 
            B = inconsistent under Ha, efficient under Ho; obtained from xtreg 
 
    Test:  Ho:  difference in coefficients not systematic 
 
                  chi2(8) = (b-B)'[(V_b-V_B)^(-1)](b-B) 
                          =      184.66 
                Prob>chi2 =      0.0000 
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MACS INSTRUMENTAL VARIABLES MODEL 
 
. xtivreg employ (antidep=z4a z4asq)$X, fe i (macsid)  
 
Fixed-effects (within) IV regression         Number of obs      =         5601 
Group variable: macsid                       Number of groups   =         1009 
 
R-sq:  within  =      .                      Obs per group: min =            1 
       between = 0.0315                                     avg =          5.6 
       overall = 0.0168                                     max =           16 
 
                                             Wald chi2(8)       =  35741.16 
corr(u_i, Xb)  = -0.3956                     Prob > chi2        =    0.0000 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |   .4372393   .4336961     1.01   0.313    -.4127894    1.287268 
  cesd10prev |  -.0166083   .0093748    -1.77   0.076    -.0349825     .001766 
    hf10prev |   .0075572   .0035602     2.12   0.034     .0005793     .014535 
 cd4n100prev |   .0001138   .0027916     0.04   0.967    -.0053576    .0055853 
 vload80prev |   .0033221   .0164397     0.20   0.840     -.028899    .0355432 
   unemp_msa |  -.0047208   .0126151    -0.37   0.708    -.0294459    .0200043 
  earn100msa |  -.0288038    .023527    -1.22   0.221    -.0749159    .0173082 
     emp10st |   .1107182   .0687896     1.61   0.108    -.0241069    .2455434 
       _cons |   .0416202   .4390173     0.09   0.924    -.8188379    .9020783 
-------------+---------------------------------------------------------------- 
     sigma_u |  .49744875 
     sigma_e |  .27388694 
         rho |  .76737614   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
F  test that all u_i=0:     F(1008,4584) =     9.18       Prob > F    = 0.0000 
------------------------------------------------------------------------------ 
Instrumented:   antidep 
Instruments:    cesd10prev hf10prev cd4n100prev vload80prev unemp_msa earn100msa 
emp10st z4a z4asq 
 
 
. est store fixedIV 
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. xtivreg employ (antidep=z4a z4asq) $X, re i(macsid) 
 
G2SLS random-effects IV regression              Number of obs      =      5601 
Group variable: macsid                          Number of groups   =      1009 
 
R-sq:  within  = 0.0001                         Obs per group: min =         1 
       between = 0.0043                                        avg =       5.6 
       overall = 0.0014                                        max =        16 
 
                                                Wald chi2(8)       =    113.18 
corr(u_i, X)       = 0 (assumed)                Prob > chi2        =    0.0000 
 
------------------------------------------------------------------------------ 
      employ |      Coef.   Std. Err.      z    P>|z|     [95% Conf. Interval] 
-------------+---------------------------------------------------------------- 
     antidep |   .5149627   .5290205     0.97   0.330    -.5218985    1.551824 
  cesd10prev |  -.0488494   .0215422    -2.27   0.023    -.0910713   -.0066274 
    hf10prev |   .0173633   .0033407     5.20   0.000     .0108156     .023911 
 cd4n100prev |   .0078878    .002688     2.93   0.003     .0026193    .0131562 
 vload80prev |  -.0064781   .0147829    -0.44   0.661     -.035452    .0224959 
   unemp_msa |  -.0093303   .0123958    -0.75   0.452    -.0336256     .014965 
  earn100msa |  -.0359904   .0293705    -1.23   0.220    -.0935555    .0215747 
     emp10st |   .0954854   .0727089     1.31   0.189    -.0470214    .2379922 
       _cons |   .0858942   .4124244     0.21   0.835    -.7224429    .8942312 
-------------+---------------------------------------------------------------- 
     sigma_u |  .36975902 
     sigma_e |  .27388694 
         rho |  .64571857   (fraction of variance due to u_i) 
------------------------------------------------------------------------------ 
Instrumented:   antidep 
Instruments:    cesd10prev hf10prev cd4n100prev vload80prev unemp_msa earn100msa 
emp10st z4a z4asq 
 
. hausman fixedIV . 
 
                 ---- Coefficients ---- 
             |      (b)          (B)            (b-B)     sqrt(diag(V_b-V_B)) 
             |    fixedIV         .          Difference          S.E. 
-------------+---------------------------------------------------------------- 
     antidep |    .4372393     .5149627       -.0777233               . 
  cesd10prev |   -.0166083    -.0488494        .0322411               . 
    hf10prev |    .0075572     .0173633       -.0098062        .0012306 
 cd4n100prev |    .0001138     .0078878       -.0077739        .0007534 
 vload80prev |    .0033221    -.0064781        .0098002        .0071922 
   unemp_msa |   -.0047208    -.0093303        .0046094        .0023419 
  earn100msa |   -.0288038    -.0359904        .0071866               . 
     emp10st |    .1107182     .0954854        .0152328               . 
------------------------------------------------------------------------------ 
                         b = consistent under Ho and Ha; obtained from xtivreg 
          B = inconsistent under Ha, efficient under Ho; obtained from xtivreg 
 
    Test:  Ho:  difference in coefficients not systematic 
 
                  chi2(8) = (b-B)'[(V_b-V_B)^(-1)](b-B) 
                          =       44.31 
                Prob>chi2 =      0.0000 
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