
Safety of Second Generation Antipsychotics for Adult Depression 
Major depressive disorder (MDD) affects approximately 15.7 million US adults and causes substantial 

emotional, physical, and economic burden.1-3  Inadequate response to pharmacological treatment is common 
and multiple sequential treatment steps are often required to achieve remission; 60-70% of patients fail to 
achieve remission from the first antidepressant trial.4  Clinical strategies to treat incomplete response include 
switching to another antidepressant and various augmentations.5-7  Augmentation with second-generation 
antipsychotics (SGAs) is arguably the best supported and the only FDA approved, treatment alternative for 
MDD patients with ≥2 failed trials of antidepressant monotherapy.6,8  While the efficacy of SGA augmentation 
for depression has been established in numerous randomized controlled trials (RCTs),9-23 evidence concerning 
its safety, particularly for risks for rare, but serious adverse events, including premature mortality, remains 
underdeveloped due to the restricted inclusion criteria, short duration, and limited sample sizes of these 
RCTs.8,24  This is a major public health concern, as (1) SGAs have been associated with increased risks for 
rare but serious adverse effects in other indications,25-30 particularly a >50% increased mortality risk in older 
adults with dementia;30 (2) the benefits of SGA augmentation for MDD are modest with a number needed to 
treat for remission of about 98,24 and little evidence for improvement in overall well-being;24 (3) use of SGA 
augmentation in patients with depression increased more than 2.5 fold from 1999-2010, and it was prescribed 
in ~2 million visits to office-based physicians per year in 2009-10.31  The uncertain safety profile and modest 
benefits of SGA augmentation for depression raise concerns about potential overuse, particularly compared to 
non-pharmacological treatment options that are subject to significant access barriers.32,33 

Using the most recent 10 available years of near national Medicaid data, merged with National Death Index 
and Area Resource File data, we will estimate the real world safety of SGAs in ~80,000 non-elderly adults with 
depression and incomplete response to antidepressant monotherapy.  Individuals diagnosed with psychotic 
depression or other established indications for antipsychotic therapy will be excluded.  The inferential analyses 
proposed in Aims 2 and 3, including the feasibility of an instrumental variable (IV) analysis, will be informed by 
a rigorous examination of the epidemiology of augmentation strategies in depression (Aim 1).  All inferential 
analyses will employ an active comparator inception cohort design.  We will initially compare the incidence of 
serious adverse events (all-cause mortality, sudden cardiac death, acute myocardial infarction (AMI), stroke, 
type 2 diabetes, venous thromboembolism (VTE), pneumonia) between patients initiating new episodes of 
SGA augmentation and those initiating antidepressant augmentation (Aim 2a).  Next, we will examine the 
safety of individual SGA augmentation strategies (Aim 2b).  Lastly, to facilitate personalized treatment, we will 
explore potential treatment effect heterogeneity by age and severity of cardiovascular disease (Aim 3).  Bias, 
particularly confounding by indication, will be minimized by design (inception cohort, relevant active 
comparators, careful restriction of the study population) and through statistical strategies to minimize 
confounding and assess the robustness of results (propensity scores, sensitivity analyses). If a suitable 
instrument based on treatment preference at the geographic or prescriber level can be identified, we will 
implement IV estimation to further address potential bias from residual confounding.  The specific aims are to:  
Aim 1: Characterize the epidemiology of alternative augmentation strategies for adult non-psychotic 
depression. 

a) Determine the annual prevalence and predictors of SGA augmentation.    
b) Compare the characteristics of SGA and antidepressant augmentation treatment episodes.  

Aim 2: Estimate class and drug-level risks for all-cause mortality and serious adverse events (sudden 
cardiac death, AMI, stroke, type 2 diabetes, pneumonia, and VTE) of SGA augmentation in adult non-
psychotic depression. 

a) Compare risks of serious adverse events associated with SGA augmentation and antidepressant 
augmentation. 
b) Within SGA augmentation treatment episodes, compare risks of serious adverse events among commonly 
prescribed SGAs. 

Aim 3: Explore potential treatment effect heterogeneity and dose/duration-effects in the safety profiles 
of alternative augmentation strategies.  For class and drug-level comparisons, examine potential 
heterogeneity in the comparative safety of SGA augmentation in subgroups defined by age and baseline 
cardiovascular disease severity and examine safety risks by duration of follow-up and drug dose. 

The results of our study will be a first step to help inform clinical, regulatory, and health care policy efforts 
to improve the management of treatment resistant depression.  Our study will directly inform prospective safety 
studies, such as large simple trials or registry studies, by strengthening or refuting important safety hypotheses 
and thus facilitate a more conclusive examination of benefits and harms of SGA augmentation in depression. 



2.A. SIGNIFICANCE 
2.A.1. Depression: Prevalence and Impact.  According to the World Health Organization, depression robs 
North Americans of more years of health than any other disease.34  During the course of 1 year, 7% of US 
adults experience an episode of major depression, imposing a heavy burden on the affected individuals, their 
families, and their communities.3  Depression severely compromises quality of life, marital stability, and 
occupational productivity, while increasing risk of suicide and cardiovascular (CV) disease.35-41 
2.A.2. Treatment of Depression.  Antidepressants (ADs) are used by roughly one in ten Americans each 
year.42  Yet only about one-half of depressed patients respond to an initial AD medication.4,43  For those who do 
not, switching to another AD is recommended, followed by a variety of augmentation medications.5  Although 
treatment with two concurrent ADs is the most common augmentation strategy for "treatment-resistant" 
depression,31 addition of a second-generation antipsychotic (SGA) remains the best-studied, and only FDA 
approved, adjuvant treatment for depression.6-8,24  
2.A.2.1. SGA Augmentation for Depression.  Over the last 15 years, there has been growing evidence for 
efficacy of SGAs as adjunctive treatments for depression.9-23  Since 2007, the FDA has approved olanzapine 
with fluoxetine, aripiprazole, and quetiapine as adjuncts to ADs for adults with MDD and inadequate response 
to ADs alone.  Effect sizes are modest for remission (OR 2.00, 1.58-2.72, NNT=9) and response (OR 1.69, 
1.46-1.95, NNT=9) with no significant efficacy differences between individual SGAs.8  No randomized 
controlled trials (RCTs) have directly compared individual SGAs as adjunctive treatments for MDD.  
2.A.2.2. Utilization of SGA Augmentation.  The role of SGA augmentation in clinical practice is not well 
characterized, though it is a highly marketed treatment strategy.44  The only nationally representative utilization 
estimates are our estimates (see 2.C.2.1) that SGAs were prescribed in 12.5% of office-based physician visits 
for non-psychotic depression in 2009-10, a >2.5 fold increase since 1999-2000.31  Notably, use rates 
exceeding 7% were observed well before the first FDA approval of SGA augmentation for depression in 2007.  
Such off-label use following publication of successful trial results but prior to FDA approval is not unusual.21 
2.A.3. Evidence Gaps for SGA Augmentation.  Serious adverse effects of SGAs in other clinical populations 
underscore the need of increasing our understanding of the safety of SGA augmentation in depression.25-30  
The most serious of these adverse effects is a >50% increase in mortality for SGAs above placebo in older 
adults with dementia,30 which has prompted a FDA boxed warning.45  Due to limited sample sizes of the RCTs, 
the safety profile of SGA augmentation remains poorly characterized.  For a moderately rare adverse event 
such as all-cause mortality, which in this population occurs at a rate of ~1.6%/year (2.C.6), even pooled data 
from all existing RCTs8 provide insufficient power to detect a 4-fold increase in risk. Observational studies of 
the safety of individual SGAs in older adults found similar patterns of risk across age categories ≥age 65 and 
for patients with and without dementia.46,47  These findings heighten concerns regarding the generalizability of 
the increased mortality risk in older adults with dementia to less frail non-elderly MDD patients.  Specific 
depression-associated SGA safety concerns are raised by depression linked immune response 
activation,48,49,50 and increased risks of CV disease.35,41  Risks may also be increased in SGA-naïve 
patients,27,51 a group that is likely overrepresented in patients with non-psychotic depression.  Differential 
mortality risks among individual SGAs observed in older adults46,47 establish the need to examine their 
individual safety in depression. 
2.A.4. Conceptual Model of SGA-Related Mortality in Depression.  Multiple biological pathways have been 

proposed to explain SGA-associated mortality in various clinical 
populations.27,52-54  The large number of potential mechanisms prevents 
direct inferences regarding the generalizability of this risk to depression.  
To inform our safety study, we have developed a working model for 
SGA-associated mortality risk in depression.  The model includes 
pathways resulting from SGA effects on (1) depression, 8,24,35,36,38,40  (2) 
QT prolongation,53,55,56 (3) sedation/extra pyramidal 
symptoms/immobility,52,54,57 and (4) weight gain/dyslipidemia.25,27,28  
Because depression is a risk factor for CV disease35,41 and death35,38,40 
(including suicide),36 improved control of depression through SGA 
augmentation might partially offset SGA-related adverse effects.  An 
exploration of cause of death data (2.C.7.2) will strengthen our under-
standing of mechanisms of SGA-associated mortality in depression. The 

rise in SGA augmentation for depression brings urgency to developing a greater understanding of SGA safety 
in this clinical context.  We have learned from other SGA indications, particularly dementia in older adults, that 
without determined efforts to examine risks for rare, but serious, adverse events, substantial harm can go 
undetected for many years.58  It is vital to identify such risks early to minimize the public health impact.59 



2.B. INNOVATION  The proposed study breaks new ground by extending safety research on SGAs, which has 
been largely confined to older adults, especially those with Alzheimer’s disease, and young patients with 
schizophrenia, to the large and growing group of patients who receive SGAs as an adjuvant treatment for 
depression.  It addresses the challenging issue of how best to use large observational datasets to examine the 
risk of rare, but severe, adverse effects that are unlikely to be detected by RCTs.  Using modern pharmaco-
epidemiologic methods, it innovatively applies insights from mental health services research to emerging 
patterns of psychotropic drug utilization. The study leverages existing data resources at the Rutgers CERTs to 
enable novel class- and drug-level analyses that will inform development and design of future safety studies. 
2.C. APPROACH 
2.C.1. Overall Strategy.  Augmentation with a SGA is an increasingly widely used treatment for depressed 
patients who do not remit with AD monotherapy.  Yet little is known about the safety of SGAs as adjuvant 
treatment for adult depression.  The proposed safety study (Figure 2) addresses this critical gap by comparing 
rare but serious adverse outcomes between initiators of SGA augmentation and combination treatment with 
two ADs in 10 years of national Medicaid data.  We focus exclusively on safety as effectiveness is better 
examined in RCTs.  Key decisions in the conceptualization of the proposed study are summarized below. 

2.C.1.1. Study Population. The study focuses on 
depressed adults who have moved beyond AD 
monotherapy. Rationale: (1) These groups represent 
critical populations for which accurate safety data are 
much-needed, as the benefit effect sizes are modest and 
effective non-pharmacological treatment options 
exist.5,8,32 (2) By restriction to those who do not respond 
to monotherapy, we focus on a relatively homogeneous 
population and thus reduce confounding by indication.60 
2.C.1.2. Study Period.  The study will utilize data from 
CYs 2001-2010. Rationale: Significant rates of SGA 

augmentation for depression have been observed as early as 2001 when initial trial data became available.21 
To account for potential changes in treatment selection/preferences after FDA approval in 2007, we will 
replicate analyses limited to post FDA approval (2007-10) and include the most recently available data.61 
2.C.1.3. Control Group.  Our study will utilize active comparison groups.  We will compare SGA and AD 
augmentation (Aim 2a) and, among initiators of SGA augmentation, compare each individual SGA to 
quetiapine (reference drug, Aim 2b).  Rationale: (1) Direct comparisons between alternative active treatments 
minimize confounding by indication.62  We will limit comparisons to AD augmentation rather than monotherapy 
as the latter tends to occur at an earlier stage of depression treatment.5,6,43  (2) Quetiapine was chosen as the 
referent SGA because it shows the lowest mortality risk in elderly patients with and without dementia.46,47,63 
2.C.1.4. Study Design.  We propose a retrospective cohort study of new initiators of alternative augmentation 
strategies for depression.  Rationale: (1) A sufficiently large RCT or prospective cohort study is premature 
without strong evidence of safety risks from high-quality observational research. The present study will help 
support or refute the need for such research. (2) A new user design minimizes selection bias.64,65 
2.C.1.5. Outcomes and Effect Modifiers.  The primary outcome of this safety study is all-cause mortality. 
Secondary outcomes are sudden cardiac death, AMI, stroke, type 2 diabetes, pneumonia, and VTE.  Effect 
modifiers include age and severity of CV disease.  Rationale: (1) SGAs have been associated with each of 
these outcomes in other populations,25-30,52,66-69 but not rigorously examined in non-elderly depressed patients.  
(2) All outcomes are validated or well established in claims or the National Death Index (Table 2).  
(3) Examination of heterogeneity in adverse effects will inform personalized risk-benefit assessments.  Age 
was selected because the most robust premature mortality findings have been limited to older adults.30  CV 
disease severity has been previously identified as a moderator of SGA-associated sudden cardiac death.29  
2.C.1.6. Analytic Methods.  We will use multivariate Cox regression,70 adjusted for an extensive set of patient 
characteristics (Table 3) using propensity score (PS) techniques to minimize potential confounding.71,72 
Residual confounding will be assessed in quantitative sensitivity analysis and instrumental variable estimation. 
Rationale: (1) We chose Cox models to allow examination of the time-varying nature of treatment effects,70 
and to avoid underestimation of adverse event risks.73  (2) PSs offer significant advantages over multivariate 
regression in studies of infrequent outcomes.74  Because the PS models the relation of covariates with drug 
exposure and not directly with rare study outcome, PS modeling avoids the risk of over-fitting and facilitates 
adjustment for a large set of potential confounders.75  (3) To address potential bias from unmeasured 
confounders, we will conduct quantitative sensitivity analysis76 and explore instrumental variable analysis.77 



2.C.1.7. Study team.  Led by Dr. Gerhard, the team has an established collaborative track record, extensive 
experience with safety studies in large databases, and spans a broad range of expertise necessary for the 
successful completion of the present study.  Drs. Gerhard, Crystal, Olfson, and Correll are recognized experts 
in pharmacoepidemiology, mental health services research, psychiatry, and clinical psychopharmacology. 
2.C.2. Preliminary Studies 
2.C.2.1. National Trends in SGA Augmentation.  In a recent analysis of the National Ambulatory Medical 
Care Survey, we found a nearly threefold increase in SGA treatment of depression in office-based practice 
from 1999 to 2010 (AOR: 2.78, 95% CI: 1.84-4.20).31  In 2009-10, SGAs were used in 12.5% of ~37 million 
visits for depression in which ADs were prescribed. Notably, by 2001-02 SGA use exceeded 7%. 
2.C.2.2. Preliminary Analyses in Medicaid Analytic eXtract (MAX) Data.  To assess the feasibility of the 
proposed study, we used 5 years (2001-05) of national MAX data to estimate sample sizes.  We identified 
81,944 augmentation episodes, of which 67,067 were for AD augmentation and 14,877 for SGA augmentation.  
To distinguish AD augmentation from AD switching, we examined treatment continuation rates at 60, 90, and 
120 days after index date (Table 1).  We observed significantly lower on-treatment rates for the AD cohort 
(specification I) than the SGA cohort.  We thus required a refill of the baseline AD on the index date 

(specification II) to reduce the likelihood of including AD 
switchers.  Using this approach, on-treatment rates 
increased by ~40% for the AD augmentation cohort and on-
treatment rates were virtually identical to the SGA 
augmentation cohort. 

To inform the feasibility of an instrumental variable (IV) 
analysis, we examined county level rates of SGA 

augmentation.78  Among individual counties with ≥10 cohort patients, the proportion with SGA vs. AD 
augmentation varied from 20% to 93% (IQR=46%-62%). While part of the between county variation is likely 
explained by differences in case-mix, the magnitude of observed variation suggests that factors exogenous to 
individual patients such as prescriber preferences make substantial contributions.  We will explore the utility of 
using this exogenous variation as a preference-based instrument in IV estimation (2.C.7.2.2).78-80 
2.C.3. Setting and Sources of Data.  All data necessary for the completion of the proposed project either 
exist at Rutgers or will be established by the start date through scheduled data acquisitions for the CERTs.   
2.C.3.1. Medicaid Analytic eXtract (MAX) Data, 2001-10.  MAX files include a Personal Summary File 
with enrollment information and 4 claims files (Inpatient, Other Therapy, Long Term Care, and Prescription 
Drug).  Pharmacy claims provide National Drug Codes, fill dates, quantity, and days supplied. To rule out data 
validity concerns for patients receiving benefits through comprehensive managed care, we will evaluate the 
completeness and quality of each file type by state and calendar year using established reference metrics.81,82  
2.C.3.2. National Death Index (NDI) and Area Resource File (ARF).  Date and cause of death will be 
identified by linkage to the National Death Index (NDI), maintained by the National Center for Health Statistics 
(NCHS) and regarded as the most authoritative source of death information for the US population, including 
over 99% of all deaths in the US.83-86  The ARF provides county-level information on community characteristics 
and resources including health care delivery systems and factors that may impact health status and care.87  
2.C.4. Study Population.  The proposed study will compare all-cause mortality and select severe adverse 
outcomes between 2 adult (25-64 years) cohorts with depression who, after AD monotherapy, either: 1) add a 
second AD or 2) add a SGA.  The study population will be selected from Medicaid enrollees in 45 US states 
(~95% of all US Medicaid enrollees) from 2001-2010.  Initiation of augmentation defines the index date and the 
beginning of follow-up.  Eligibility criteria and covariates are assessed during the 180 days immediately 
preceding the index date.  Longer pre-index periods will be explored (2.C.7.1).  Patients will have uninterrupted 
Medicaid coverage during the pre-index period, ≥1 primary in- or outpatient diagnosis of depression in the first 
90 days of the pre-index period (ICD-9-CM 296.2, 296.3, 300.4, 311; similar depression claims algorithms have 
demonstrated PPVs >80% compared to patient self-reports or medical record diagnoses),88-90  
and no break of >14 days in medication supply with a single AD medication during the 90 days directly 
preceding the index date.  For patients initiating a second AD, we will also require that the initial AD is refilled 
on the same day to maximize the likelihood that the clinical intent was to combine treatment of 2 ADs (2.C.2.2). 
 Patients with alternate indications for SGAs (psychotic depression, schizophrenia, bipolar disorder, autism-
spectrum disorders, or dementia) will be excluded, maximizing the likelihood that SGA treatment was initiated 
for depression.  Patients will also be excluded for any antipsychotic medication use during the baseline period 
and for use of a second AD during the 60 days immediately preceding the index date, as this likely indicates a 
greater degree of treatment resistance.91-93  Patients who initiate a second AD and a SGA on the index date or 

Table 1. Percent Treatment Continuity over Follow-up. 
 Antidepressant Augmentation SGA Augmentation 

Specification I 
n=67,067 

Specification II 
n=15,381 n= 14,877 

Day 60 51.3% 69.0% 70.6% 
Day 90 43.7% 60.3% 62.1% 
Day 120 38.0% 53.4% 55.4% 



who are diagnosed with a life threatening disorder29 will also be excluded.  For secondary outcome analyses, 
patients will be excluded if they have diagnosis or treatment for the respective outcome in the pre-index period. 
2.C.5. Measures. 
2.C.5.1. Exposure and Follow-up Time.  SGAs for Aim 2b include risperidone, quetiapine, aripiprazole, and 
olanzapine.  All other SGAs combined make up <5% of SGA augmentation in MDD31 and thus do not facilitate 
meaningful analyses.  ADs include SSRIs, SNRIs, TCAs, bupropion, and mirtazapine.5  In sensitivity analysis, 
agents that may be used for indications other than augmentation for depression will be excluded to assure that 
their potentially inappropriate inclusion does not bias the results (TCAs; mirtazapine and quetiapine at low 
doses).  ADs and SGAs will be identified from MAX pharmacy files that include generic and brand names, 
dose, dispensing date and quantity, and days of supply dispensed.  Computerized pharmacy records are 
highly accurate and not subject to recall bias.94-97  Each day of follow-up will be classified according to probable 
use of each AD and SGA agent.  For each new augmentation episode, we will create a diary of coverage by 
linking consecutive fills.  Patients will be classified as discontinuing when either drug is not refilled for >14 
days.98  A 14 day buffer is used to account for late refills and stockpiling.  Follow-up will be capped at 
365 days because by this point a majority of patients have discontinued index treatment (2.C.2.2). Follow-up of 
>365 days will be examined in exploratory analyses and interpreted with appropriate caution. SGA dose will be 
classified in chlorpromazine equivalents99 to allow comparisons across agents and examine dose-response.   
2.C.5.2. Outcomes.  Definitions and measurement characteristics of study outcomes are shown in Table 2. 

Table 2 Primary and Secondary Outcomes 
Primary Outcome  Definition and Measurement Characteristics 
All-Cause Mortality Occurrence and date of death determined by the National Death Index (NDI). Specificity 100%, sensitivity 98-

100%83,85 
Secondary Outcomes  Definition and Measurement Characteristics 
Sudden Cardiac Death Validated algorithm based on cause of death (NDI)86 and Medicaid claims. Positive predictive value (PPV) 87%100  
Acute Myocardial Infarction First or second listed hospital discharge diagnosis of ICD-9 code 410. (PPV of 89%-97%)101-105 
Stroke First listed hospital discharge diagnosis of ICD-9 codes 430, 431, 433.x1, 434.x1, or 436 (PPV 92%-100%)106-108 
Type 2 Diabetes  Physician claim with ICD-9 codes of 295.00-295.93, 357.2, 362.0-362.02, or 366.41. (Specificity 93%-97%)109,110  
Pneumonia First listed hospital discharge diagnosis of ICD-9 codes 480-486, and 507.69 
Venous Thromboembolism ICD-9 codes 415.x (pulmonary embolism), or 451.x (deep vein thrombosis) and >1 anticoagulant claim. (PPV 93%)111 

2.C.5.3. Confounding.  Confounding by indication is a key challenge in all pharmacoepidemiologic studies as 
physicians make treatment choices in light of available clinical information.112,113 We will minimize confounding 
through restriction (2.C.1.1) and active comparators (2.C.1.3). We will also control for a broad range of 
clinically relevant factors from claims histories and the ARF using propensity score techniques (2.C.1.6).  This 
will involve >180 variables encompassing socio-demographics; diagnosis, medication, and utilization history; 
and geography as well as a set of variables that specifically characterize the adequacy of pharmacological 
treatment114 and the severity of depression during the pre-index period (Table 3).  

Table 3 Potential Confounding Variables (assessed during the 180-day pre-index period) 
Confounder Category  Source  
Socio-demographics Age, sex, race/ethnicity, Medicaid enrollment category (8 variables) MAX Personal Summary File 
Diagnostic and 
Medication History  
(75 diagnostic categories; 
45 medication classes) 

Psychiatric (18 dx categories; 15 rx classes), OB/GYN (13 dx categories; 3 rx classes), 
Metabolic (14 dx categories; 4 rx classes), CV (3 dx categories; 4 rx classes), 
Respiratory/Allergy (8 dx categories; 5 rx classes), GI (3 dx categories; 7 rx classes), 
Neurologic/musculoskeletal (8 dx categories; 7 rx classes), Other (8 dx categories) 

MAX Inpatient and Other 
Claims Files; 
MAX Prescription Drug File 

Utilization History 
(36 variables) 

Number and/or duration of outpatient visits, inpatient stays, ED visits, and prescription 
fills during 0-7 days, 8-30 days, and 31-180 days prior to the index date 

MAX Claims and Prescription 
Drug Files 

Geography 
(15 variables) 

State and county level markers of supply of health facilities and health professionals, 
health status, economic activity, socioeconomic and environmental characteristics.  

Area Resource File 

Depression: Adequacy of 
Treatment and Markers 
of Severity(4 variables) 

Adequacy of depression treatment (scored 0-5) as calculated by an algorithm based on 
antidepressant agent, dose, duration, and adherence.114  Number of outpatient visits for 
depression; ED visits for depression; inpatient stays for depression.  

MAX Claims and Prescription 
Drug Files 

2.C.5.4. Effect Modification. The examination of potential treatment effect heterogeneity will consider age 
group (25-34, 35-44, 45-54, 55-64), and severity of cardiovascular disease (none, mild, moderate, severe) 
based on a claims-based cardiovascular risk score.53 
2.C.6. Sample Size and Power.  Table 4 shows detectable hazard ratios for mortality at 80% power and a 5% 
alpha for class- (Aim 2a) and drug level (Aim 2b) comparisons.  Expected cohort sizes are based on 2001-05 
MAX data (2.C.2.2) and were projected conservatively to the proposed study periods (2001-10 and 2007-10).  
Calculations assume a mean time to discontinuation of 230 days and a background mortality rate of 1.6%/year 
(also estimated from MAX, 2001-05). Our study is powered to detect a hazard ratio for all-cause mortality of 
1.21 (1.31 for 2007-10), markedly smaller effect sizes than the >50% risk increase demonstrated for SGAs in 
older adults with dementia. This substantial sample size facilitates examination of risks for individual SGAs, the 
period after FDA SGA augmentation approval, and clinically important subgroups. 



2.C.7. Analytic Strategy 
2.C.7.1. Epidemiology of SGA Augmentation (Aim 1).  We will first identify all periods of SGA augmentation 
among patients with depression without alternative indications for SGA treatment.  Building on prior work,31 we 
will examine prevalence and predictors of SGA augmentation for each calendar year to evaluate trends and 
patterns of prevalent SGA use in non-psychotic depression. We will then identify all incident episodes of SGA 

and AD augmentation (2.C.5.1).  For each 
episode, we will examine treatment and diagnosis 
patterns in the preceding 180 days.  We will also 
examine longer look-back windows (12, 18, and 24 
months) to assess enrollment patterns outside of 
the 180 day window and to determine whether 
longer look-back periods allow more extensive 
characterization of treatment and diagnostic 
history, particularly regarding the severity and 
duration of depression.  Number and duration of 
trials of AD monotherapy and alternative 

augmentation agents (lithium, buspirone, and T3) will be determined as proxies for treatment resistance.91-93  
We will then compare the cohorts (across classes and across individual SGAs) by baseline characteristics to 
assess the magnitude of potential confounding and examine alternate cohort definitions with longer look-back 
windows that may further reduce confounding.  Group differences will be assessed using standardized 
differences to allow meaningful examination of the magnitude of relative differences independent of sample 
size.115  We will also characterize treatment duration post-index treatment, and dosing (including SGA initiation 
doses and titration patterns over follow-up).116  

Preliminary data (2.C.2.2) suggest that treatment preference at the prescriber117 or geographic118 level may 
serve as an instrumental variable (IV).  More detailed analyses under Aim 1 will explore this geographic and 
provider-level variation in SGA augmentation.  Similar to prior work by our group,79 these analyses will fit 
mixed-effects logistic regression models to estimate county- and provider-specific prescribing rates adjusted 
for case-mix and regional characteristics from the ARF to identify a suitably strong instrument (2.C.7.2.2).  

Lastly, we will determine the size and compare the characteristics of our study cohorts to similar Medicaid 
cohorts with relaxed eligibility requirements to assess whether such restriction affects generalizability. 
2.C.7.2. Comparative Safety (Aim 2).  We will plot Kaplan-Meier curves for each augmentation strategy and 
outcome (2.C.5.2) to depict crude event rates by duration of use.119  We will then use Cox proportional hazards 
regression to model the effect of alternative augmentation strategies on these adverse health outcomes.  To 
examine the safety of SGA augmentation (Aim 2a), we will compare the risk of adverse outcomes between 
new treatment episodes of SGA initiators and initiators of AD augmentation.  To examine the safety of 
individual SGAs used for augmentation (Aim 2b), we will compare new treatment episodes of quetiapine and 
the other individual SGAs.  Follow-up starts on the day of augmentation initiation and end on the day patients 
develop a study outcome, discontinue augmentation therapy (plus 30 days to avoid under-ascertainment of 
outcome events), start a different AD or SGA, reach day 365, or leave the study population, whichever comes 
first.  In sensitivity analyses, we will (1) restrict the study period to treatment initiations on or after 01/01/2007, 
(2) extend the maximum follow-up beyond day 365, and (3) model cumulative relative risk for outcomes during 
180, 365, and 730 days of follow-up.  Initially, we will fit unadjusted models and models that control for sex, 
age, and race/ethnicity.  Because diagnosis of diabetes requires testing, we will perform sensitivity analyses 
that account for laboratory testing and office visits with metabolic screening to minimize detection bias.120 

To control for confounding related to initiation (Aim 2a) or choice (Aim 2b) of SGA augmentation, we will 
use propensity score (PS) techniques.72  For each comparison, PSs will be calculated using non-parsimonious 
logistic regression based on a large set of potential confounds (Table 3).  We will optimize PS performance by 
examining standardized differences in covariate rates between treatments before and after stratification.115  To 
assure equipoise, we will exclude patients in non-overlapping tails of the PS distributions.121  If significant 
changes in prescribing patterns over the study period become apparent, we will explore calendar time-specific 
PSs.122  Separate Cox models that control for sex, age, race/ethnicity, and the comparison-specific PS decile 
will be fit for each comparison.  Lastly, if we observe an increased all-cause mortality risk, we will examine the 
distribution of causes of death to inform future mechanistic work on SGA associated mortality in depression. 
2.C.7.2.1. Quantitative Sensitivity Analyses for Unmeasured Confounders.  Because the observed relative risk 
is a closed-form function of the balance of confounders among exposure groups, the strength of the 
confounder, and the prevalence of the confounder, it is possible to estimate the extent of unmeasured and thus 
unadjusted confounding (e.g., by BMI or family history) necessary to fully explain the observed findings.76  

Table 4:  Sample Size and Detectable Hazard Ratios 
Treatment Number of Episodes Detectable Hazard Ratio  

(All-cause Mortality) 
 2001-2010 2007-2010 2001-2010 2007-2010 

Aim 2a (Class-Level Comparison)  
AD Augmentation 40,298 19,907 reference reference 
SGA Augmentation 38,891 19,211 1.21 1.31 

Aim 2b (Comparison by Individual SGA) 
Quetiapine 11,303 5,584 reference reference 
Olanzapine 10,523 5,198 1.42 1.63 
Risperidone 9,678 4,781 1.43 1.64 
Aripiprazole 4,646 2,295 1.53 1.79 

 



2.C.7.2.2. Instrumental Variable (IV) Analysis.  To further address residual confounding, we will implement IV 
estimation,123,124 which can provide unbiased estimates of causal effects in non-randomized studies even if 
confounders remain unmeasured77 by mimicking random assignment of patients into groups of different 
likelihood for treatment.125,126 This method relies on the existence of an instrument that is closely related to the 
actual treatment choice but is unrelated to patient characteristics and outcomes.127 Instrument choice will be 
determined by analyses described in section 2.C.7.1. The IV analysis will use two-stage linear regression128 
and will report risk differences adjusted for measured patient factors with robust standard errors.129  We will 
also report relative risk measures.130  Similar to RCTs, we will examine imbalances of measured patient 
attributes (Table 3) between the IV categories at the beginning of treatment using the Mahalanobis distance.131 
2.C.7.3. Treatment Effect Heterogeneity, Follow-up, and Dose-Response (Aim 3).  Models described 
under 2.C.7.2 will be stratified by age and severity of CV disease (2.C.5.4). Stratum-specific estimates will be 
reported.  Interaction terms will test whether effect modification is significant.  In addition, we will estimate 
average hazard ratios by follow-up period (0-60, 61-180, and 181-365 days).  To avoid potential selection bias 
from stratification of follow-up,132 we will also estimate hazard ratios for 0-60 and 0-180 days.  We will perform 
dose-response analysis for SGA augmentation episodes combined and for individual SGAs.46,47  If we find 
evidence for dose-response, we will also estimate dose-stratified and dose-adjusted hazard ratios.46 
2.C.8. Project Management and Timeline (Table 5).  Dr. Gerhard will assume overall scientific and 

administrative responsibility for the project and chair monthly calls 
with Drs. Olfson, Correll and Crystal to review progress and refine 
the analytic approach.  He will also supervise data management 
and analysis.  Data will be maintained and analyzed on the 
Center’s high-security data network.  Dr. Huang, a senior 
programmer experienced with the MAX data, will manage the 
data and statistical programming. 

2.C.9. Limitations and Strengths.  The study offers the opportunity to significantly broaden understanding of 
SGA augmentation safety for depression including new information on individual drugs and treatment safety 
effect heterogeneity.  Although it is subject to some potential limitations, it has several offsetting strengths.  
2.C.9.1. Confounding due to Selective Prescribing Practices and its Control.  Prescribers and patients 
make decisions on choice of augmentation strategies in light of patient characteristics and preferences, and 
clinical experience.  When such factors are also risk factors for the safety outcomes, they may bias results.  
We discuss several methods to minimize this “channeling” (2.C.5.3) and will carefully examine treatment 
patterns and predictors to further inform confounder control (2.C.7.1). To address residual confounding, we will 
perform quantitative sensitivity analysis for unmeasured factors such as BMI or family history and explore IV 
analysis that exploits observed variation in treatment preference at the geographic118 or prescriber117 level. 
2.C.9.2. Measurement of Exposure and Outcomes.  Pharmacy dispensing records are highly accurate.94-97  
Nonetheless, prescription claims data indicate medications dispensed, not ingested. Claims-based outcome 
definitions may be mis-ascertained since they reflect medical encounters, not structured diagnoses.  Yet the 
measures in 2.C.5.3 demonstrate high specificity or positive predictive values (Table 2).133  All cause mortality 
data from NDI have demonstrated 100% specificity with sensitivity between 98% and 100%.36,83,85 
2.C.9.3. Applicability to Usual Care Populations.  Our study includes many patients who would not meet 
enrollment criteria for traditional randomized controlled clinical trials.134  Although we exclusively examine 
Medicaid patients, MDD is correlated with lower income,3 and public insurance accounts for ~40% of all SGA 
augmentation in depression.31  The impact of the requirement of continuous Medicaid eligibility on 
generalizability will be empirically evaluated (2.C.7.1) and taken into account in the reporting of findings.   

We will not be able to determine the extent to which observed group differences in premature mortality are 
mediated by differences in antidepressant effectiveness between SGA and AD augmentation or between 
individual SGA augmentation strategies.35,40  Instead, our study will estimate the net differences in safety 
profiles of the competing pharmacological strategies, inform clinical benefit-risk assessment, and contribute to 
a better understanding of the specific biological pathways of SGA-associated premature mortality. 
2.C.9.4. Study Size. The study will use the 10 most recent available years of MAX data available at no cost 
through the Rutgers Mental Health CERTs.  The unprecedented size of this study facilitates detection of rare, 
but serious, adverse effects not detectable in MDD RCTs and provides sufficient power for the examination of 
treatment effect heterogeneity and differences between individual augmentation strategies.  
2.C.10. Future Directions.  The proposed study will help build or diminish support for resource intensive 
prospective safety studies of SGA augmentation (large simple trials or registry studies) and inform their design.  

Table 5: Project Timeline 
Task Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 
Dataset Construction X X       
Variable Construction  X X X     
Examine Aim 1    X X    
Examine Aim 2     X X X  
Examine Aim 3       X X 
Report Writing      X X X 
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