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Abstract

Background: Depression is a common neuropsychiatric consequence of stroke, but there is little 

empiric evidence regarding clinical diagnosis and management of poststroke depression.

Methods: Retrospective cohort study among 831,471 privately insured patients with first stroke 

in the US from 2003–2020. We identified diagnoses of poststroke depression using codes from the 

International Classification of Diseases (ICD). We identified treatment based on prescriptions 
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for antidepressants. We used Cox proportional hazards regression analysis to examine rates 

of poststroke depression diagnosis by gender, age, and race/ethnicity. Among individuals who 

received a diagnosis of poststroke depression, we estimated treatment rates by gender, race/

ethnicity, and age using negative binomial regression analysis.

Results: Annual diagnosis and treatment rates for poststroke depression increased from 2003–

2020 (both p-for-trend<0.001). Diagnosis rates were higher in women than men (HR=1.53, 

95%CI: 1.51–1.55), lower among members of racial/ethnic minorities (versus White patients: 

Asian HR=0.63, 95%CI: 0.60–0.66; Black HR=0.76, 95%CI: 0.74–0.78; Hispanic HR=0.88, 

95%CI: 0.86–0.90), and varied by age. Among individuals diagnosed with post-stroke depression, 

69.8% were prescribed an antidepressant. Rates of treatment were higher in women versus men 

(RR=1.19, 95%CI: 1.17–1.21), lower among members of racial/ethnic minorities (versus White 

patients: Asian RR=0.85, 95%CI: 0.80–0.90; Black RR=0.92, 95% CI: 0.89–0.94; Hispanic 0.96, 

95%CI: 0.93–0.99), and higher among older patients.

Conclusions: In this insured population, we identify potential inequities in clinical management 

of poststroke depression by gender, race/ethnicity, and age that may reflect barriers other than 

access to healthcare.

Introduction

Depression is a common and important neuropsychiatric consequence of stroke.1,2 

Pooled frequency estimates from meta-analyses suggest that the prevalence of poststroke 

depression is approximately 30%.3,4 Yet prior research suggests poststroke depression 

remains underdiagnosed and undertreated in clinical practice.5 This may in part reflect the 

challenges of differentiating poststroke depression from other common cognitive sequelae of 

stroke including aphasia, apathy, and cognitive impairment.6 The etiology of poststroke 

depression is generally understood to be multi-factorial, reflecting the joint effects of 

biological mechanisms and psychosocial factors.7,8 Potential biological mechanisms include 

alterations in the ascending monoamine system,9 glutamate-mediated excitotoxicity,10 

increased production of pro-inflammatory cytokines,11 activation of the hypothalamic-

pituitary-adrenal axis,12 and genetic susceptibility.13 Relevant psychosocial risk factors 

include gender, past history of psychiatric illness, degree of functional impairment and 

social isolation following stroke.14,15

Evidence from several smaller trials suggesting antidepressants, namely selective serotonin 

reuptake inhibitors (SSRI) and tricyclic antidepressants (TCA), are effective treatments 

for poststroke depression.16 Therefore, guidelines issued jointly by the American 

Heart Association and American Stroke Association in 2016 recommend that patients 

with poststroke depression be treated with antidepressants in the absence of any 

contraindications.17 Yet recent research documents worrisome inequities in clinical 

management of poststroke depression, wherein patients belonging to racial/ethnic minorities, 

older patients, and men are less likely to receive treatment.5,18

As poststroke depression is associated with impaired functional recovery,19 poor quality of 

life,20 and reduced survival,21 an understanding of trends in diagnosis and treatment over 

time and within key population subgroups is important for clinical management of patients 
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following stroke. In this retrospective cohort study, we present an analysis of detailed, 

longitudinal claims data that characterizes the incidence of depression and rates of treatment 

following stroke among privately insured individuals followed from 2003 through 2020. 

The aim of this study is to provide a detailed description of the clinical management of 

poststroke depression over time, by stroke type, and within subgroups defined by sex, age, 

and race/ethnicity among privately insured individuals. We hypothesized that rates of both 

treatment and diagnosis of poststroke depression would increase over time, and further that 

there would be clear differences in rates of treatment by stroke type and across population 

subgroups.

Methods

The Optum’s Clinformatics® Data Mart (CDM) is a longitudinal, de-identified commercial 

and Medicare Advantage claims database extending from June 1, 2003–June 30, 2020. 

Member enrollment data; diagnostic codes from inpatient, outpatient, and emergency 

department encounters; and pharmacy claims are deterministically linked across file 

types with a unique patient identifier. Individuals eligible for this study were aged 18 

years and older with a new diagnosis of stroke between 2003–2020 followed for up 

to 365 days for depression. We identified new stroke diagnoses using codes from the 

International Classification of Diseases, Ninth and Tenth Revisions (ICD-9 and ICD-10) 

among individuals previously followed for at least 12 consecutive months. Consistent with 

stroke classification previously published by Kokotailo and Hill (2005), stroke diagnoses 

were classified based on ICD codes as ischemic stroke (IS), intracerebral hemorrhage (ICH), 

or subarachnoid hemorrhage (SAH) (Supplemental Table 1).22

Follow-up extended from the date of stroke for up to 365 days. We aimed to minimize 

selection bias in our analysis by making no restrictions in eligibility based on duration or 

continuity of follow-up. Therefore, our analysis includes individuals with duration of follow-

up less than 365 days due to end of insurance eligibility (including death and migration) or 

administrative censoring at the end of the study period. This study received approval from 

the Institutional Review Boards at the University of Pennsylvania (Protocol #849356) and at 

Stanford University (Protocol #61688).

Poststroke depression

We defined poststroke depression diagnosis using codes from the ICD-9 and ICD-10 for 

major depressive disorder (MDD) and other depressive disorders (Supplemental Table 2). 

We assigned the date of poststroke depression as the date of the second depression-related 

diagnosis within 365 days of first stroke. Because depression is episodic and occurs 

throughout the life course, we did not exclude individuals with a prior diagnosis of 

depression. For sensitivity analysis, we created three alternative outcome definitions all 

defined within the first 365 days after first stroke: (1) first depression-related diagnosis; (2) 

second diagnosis of MDD only; and (3) first diagnosis of MDD only.
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Prescribed antidepressant medications

Antidepressants were identified within the first 365 days of first stroke based on generic 

drug names and were sub-classified as selective serotonin reuptake inhibitors (SSRI), 

serotonin and norepinephrine reuptake inhibitors (SNRI), tricyclic antidepressants (TCA), 

monoamine oxidase inhibitors (MAOI) or atypical antidepressants (Supplemental Table 3). 

Prescriptions were standardized based on duration such that a 30-day supply counted as one 

prescription.

Covariates

Covariates of interest were gender (men, women); age (18–34; 35–49; 50–64; 65 and older); 

imputed race and ethnicity (mutually exclusive categories of Asian, Black, Hispanic, White); 

U.S. Census region (Midwest, Northeast, South, West); and depression diagnosis in the year 

prior to first stroke.

Statistical Analysis

First, we calculated overall and annual rates of poststroke depression diagnoses. Second, 

among individuals who satisfied our criteria for diagnosis of poststroke depression, we 

examined overall and annual rates of treatment with prescribed antidepressants. All 

statistical analyses were conducted using R Statistical Software version 4.0.

Rates of poststroke depression diagnoses—We calculated overall and annual crude 

rates of poststroke depression diagnoses as the number of diagnoses per 1,000 person-

months of follow-up within the 365-day period following first stroke. We specify person-

time as the denominator in calculating rates to accomodate potential discontinuities in and 

variable duration of follow-up. We assessed time trends using the Mann-Kendall test.23 We 

calculated overall and annual crude rates by stroke type, gender, age category, race/ethnicity, 

region, and among individuals with and without any depression diagnosis in the year prior to 

first stroke. Next, we used Cox proportional hazards regression analysis to estimate hazard 

ratios (HRs) for poststroke depression diagnosis as a function of gender, age category, race/

ethnicity, and region. Models additionally included fixed effects for calendar year to account 

for secular trends. We estimated HRs overall and separately by stroke type. The timescale 

for Cox models was the duration of follow-up, and we assessed whether the assumption of 

proportional hazards was satisfied using Schoenfield residuals.24

As a secondary analysis, we repeated our main analysis among individuals with and without 

a depression diagnosis in the year prior to first stroke. As a sensitivity analysis, we assessed 

the robustness of our main outcome definition by estimating hazard ratios with alternative 

outcome definitions. We additionally estimated HRs for depression diagnoses within six 

months and five years following first stroke to evaluate the robustness of our results to 

alternative follow-up windows.

Rates of treatment with antidepressant medications—In analysis restricted to 

individuals diagnosed with poststroke depression, we calculated the crude overall and annual 

rate of treatment as the number of prescribed antidepressants per 1,000 person-months of 

follow-up in the 365 days after diagnosis of poststroke depression. As above, crude rates 

Elser et al. Page 4

J Neurol Neurosurg Psychiatry. Author manuscript; available in PMC 2023 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were calculated overall and annually by stroke type, gender, age category, race-ethnicity, 

region, and among individuals with and without any depression diagnosis in the year prior to 

first stroke.

Next, we used negative binomial regression to model rate ratios (RR) of prescribed 

antidepressants as a function of gender, age category, race/ethnicity, and region, with fixed 

effects for calendar year included to account for secular trends. We estimated RRs for all 

strokes combined and then separately by stroke type. In all negative binomial models, the 

count of unique prescriptions was specified as the dependent variable with person-months 

of follow-up time specified as the offset. As a secondary analysis, we estimated RRs for 

treatment separately among individuals with and without any depression diagnosis in the 

one year prior to first stroke. As a sensitivity analysis, we estimated RRs for prescribed 

antidepressants within six months and five years following first stroke.

Results

From 86,819,207 unique beneficiaries, we identified 845,866 aged 18 years or older 

with new stroke during the study period. Beneficiaries included in our analysis were 

predominantly White, aged 65 years or older, and approximately half were women. Of 

first strokes, 87.4% were classified as ischemic strokes. Although beneficiary characteristics 

were generally similar across stroke types, notable differences include a lesser proportion of 

beneficiaries over age 65 and a greater proportion of Asian beneficiaries with ICH and SAH 

compared with IS (Table 1).

Rates of poststroke depression diagnosis

There were 11.5 diagnoses of poststroke depression per 1,000 person-months of follow-up 

(95% CI:11.4–11.6) within the first 365 days after first stroke. Diagnosis rates increased 

gradually from 2003 (8.8, 95% CI:8.5–9.2) to 2019 (13.1, 95%CI: 12.8–13.4) (p-for-trend 

<0.001). Rates of diagnosis were higher for ICH (14.9, 95%CI: 14.5–15.2) and SAH (14.1, 

95%CI: 13.7–14.5) than for IS (11.2, 95%CI: 11.1–11.3) as evidenced by non-overlapping 

95% confidence intervals. (Figure 1, Supplemental Table 4). Diagnosis rates were higher 

in women than in men, among beneficiaries ages 18–49, among White beneficiaries in the 

Northeast (Supplemental Tables 5–8) and among individuals with a diagnosis of depression 

in the one year prior to stroke (36.9, 95%CI: 36.6–37.2) as compared to those without (6.1, 

95%CI: 6.0–6.1) (Supplemental Table 9).

In Cox proportional hazards regression analysis, women were more likely to be diagnosed 

with poststroke depression than men (HR=1.53, 95% CI: 1.51–1.55). Compared to 

individuals ages 18–34, rate of diagnosis was higher among those 35–49 (HR=1.10, 

95%CI: 1.04–1.15), lower among those 65 and older (HR=0.75, 95%CI: 0.72–0.79) and 

similar among those ages 50–64 (HR=1.01, 95% CI: 0.96–1.05). Compared with White 

beneficiaries, diagnosis rates were lower among beneficiaries who were Asian (HR=0.63, 

95%CI: 0.60–0.66), Black (HR=0.76, 95% CI: 0.74–0.78), or Hispanic (HR=0.88, 95%CI: 

0.86–0.90) (Table 2). This general pattern remained consistent across stroke types, among 

those with and without prior depression diagnosis, and in sensitivity analyses. (Supplemental 

Tables 10–12).
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Rates of treatment with antidepressant

Of the 82,388 individuals diagnosed with poststroke depression, there were 57,542 (69.8%) 

who were prescribed an antidepressant. As with diagnoses, rates of treatment with 

prescribed antidepressants increased gradually over the study period (p-for-trend<0.001). 

Treatment rates were higher for IS (815, 95%CI: 814–816) than for ICH (744, 95%CI: 740–

747) or SAH (766, 95%CI: 762–750). SSRI comprised approximately half of prescriptions 

over the study period. (Figure 2, Supplemental Tables 13–14). Treatment rates were 

generally higher among women, beneficiaries ages 50–64 and 65 and older, for White 

beneficiaries, and in the West (Supplemental Tables 15–18). Treatment rates were increased 

among individuals diagnosed with poststroke depression who had also received a depression 

diagnosis in the year prior to stroke (Supplemental Table 19).

In regression analysis, treatment rates were increased in women compared with men 

(RR=1.19, 95% CI: 1.17–1.21). By age, we observed the strongest association among 

beneficiaries ages 50–64 (RR=1.49, 95% CI: 1.41–1.58) compared with those ages 18–34. 

By race and ethnicity, treatment rates were reduced among Asian, Black, and Hispanic 

beneficiaries as compared with White beneficiaries. (Table 3). This pattern of findings 

persisted in secondary and sensitivity analyses (Supplemental Tables 20–21).

Discussion

In this retrospective cohort study, we examined trends in diagnosis and treatment of 

poststroke depression among privately insured U.S. adults followed from 2003–2020. 

We focused first on rates of depression diagnosis following stroke. Whereas pooled 

frequency estimates from meta-analyses suggest the prevalence of poststroke depression 

is approximately 30%,3,4,25 the estimated rate of poststroke depression diagnoses in this 

analysis is demonstrably lower at 11.5 diagnoses per 1,000 person-months of follow-up. 

This equates roughly to a one-year prevalence of 13.9%. This may reflect the fact that 

our outcome measure relies on diagnoses of depression rather than direct measures of 

depressive symptoms. A novel contribution of our analysis is separate consideration of 

trends in poststroke depression diagnoses across major stroke types. We found that the 

rates of poststroke depression diagnosis were consistently higher for ICH and SAH than 

for ischemic stroke, in contrast with some prior evidence that the risk of poststroke 

depression does not vary significantly between individuals with hemorrhagic versus 

ischemic stroke.26,27

Rates of poststroke depression diagnosis were higher among women and patients between 

35–49 years of age, but were consistently decreased among Asian, Black, and Hispanic 

patients. Our findings by gender are consistent with research suggests that poststroke 

depression is more prevalent among women.28 These findings are consistent with prior 

analysis of U.S. Medicare data from 2016–2017 in which female patients and White 

patients were more likely to be diagnosed with depression after stroke.29 Our results 

are also generally consistent with trends in diagnosis major depressive disorder (MDD) 

by gender, age, and race/ethnicity observed in the general population.30 This is despite 

key clinical differences between MDD and poststroke depression that include increased 
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likelihood of cognitive impairment and decreased likelihood of anhedonia and sleep-wake 

cycle disturbance in poststroke depression.31

We then focused on treatment of poststroke depression. There is evidence to suggest that 

many patients with poststroke depression go untreated with inequities in treatment across 

demographic subgroups. In analysis of cross-sectional study data from 2005–2011 from 

the National Ambulatory Medical Care Survey, Bhatacharjee and colleagues found that 

approximately half of stroke patients received no treatment, and that White patients were 

four times as likely to be treated than patients belonging to racial and ethnic minorities.5 

In a nationally representative sample of patients with stroke from the Medical Expenditure 

Panel Survey 2004–2017, Dong and colleagues found that two-thirds of patients with stroke 

who screened positive for depression received no outpatient treatment and that older, male, 

non-Hispanic Black and Hispanic patients were less likely to receive any treatment.32

We estimate that approximately 70% of patients with a diagnosis of poststroke depression 

were treated with any antidepressant. The discrepancy between our findings and theirs may 

reflect the fact that our analysis includes only individuals with health insurance. We find that 

prescribing rates increased gradually over the study period. Rates of treatment were highest 

for IS, perhaps reflecting the risk of intracerebral and intracranial hemorrhage related 

to SSRI exposure.33 We further noted that while SSRIs comprised half of prescriptions, 

the proportion of SNRI and atypical antidepressants prescribed increased over time. 

We nevertheless identified potentially ineuqities in treatment rates across demographic 

subgroups. Specifically, patients who were male, ages 18–34, and members of racial/ethnic 

minorities were less likely to be treated.

Taken together, our findings and those of prior studies suggest persistent inequities in 

treatment of poststroke depression. In this insured population, the presence of inequities 

suggests persistent barriers to treatment. These may include systematic differences in 

attitudes, preferences, and treatment-seeking propensity, inadequate poststroke follow-up, 

inconsistencies in depression screening, provider bias, or limited access to mental healthcare 

resources. As many of these barriers are potentially modifiable, future research should aim 

to identify the predominant mechanisms underlying these differences.

Notably, this study includes several years of follow-up before and after publication in 

2011 of the influential FLAME trial.34 The FLAME trial examined the effects of early 

prescription of fluoxetine with physiotherapy among patients ages 18–85 with ischemic 

stroke and hemiplegia or hemiparesis recruited from nine stroke centers in France. The 

trial results suggested that the combination of fluoxetine and physiotherapy led to enhanced 

motor recovery, suggesting an important role for fluoxetine in the management of patients 

post stroke. We do not observe a clear or sudden increase in rates of SSRI prescribing after 

2011. Interestingly, rates of prescribed antidepressants decreased after 2017, perhaps in part 

reflecting the influence of the subsequent FOCUS, and AFFINITY trials, which showed no 

improvement in functional outcomes associated with fluoxetine after acute stroke, 35,36 and 

the TALOS trial, which showed no improvement in functional outcomes associated with 

early citalopram treatment.37 In the more recent EFFECTS trial, while enrollees treated 

with fluoxetine showed no improvement in functional outcomes as compared to placebo 
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controls, the proportion of depression was decreased among those treated with fluoxetine. 

These findings from the EFFECTS trial underscore that while SSRI may not be effective in 

improving functional outcomes they nevertheless may be among the most effective tools to 

mitigate depression following stroke.38

Limitations

Data for this study were derived from commercial and Medicare Advantage claims, 

and therefore may not generalize to uninsured and Medicare-eligible individuals who 

experience stroke. Specific details regarding plan type, deductibles and co-insurance, and 

reimbursement rates may influence rates of diagnosis and treatment over time and across 

subgroups but were not available in these data. Similarly, our measures of treatment for 

depression are based on filled prescriptions for antidepressants, which may systematically 

underestimate the prescribing rates and does incorporate information on medication 

adherence. Our analysis does not specifically address the potential for competing risk due 

to mortality. Nevertheless, results were consistent across sensitivity analyses with varying 

duration of follow-up (six months, one year, five years), suggesting that loss-to-follow-up 

over time does not constitute a substantial source of bias.

It is difficult to accurately identify prior depression in administrative data where follow-up is 

limited by duration of insurance eligibility. We did not exclude individuals with depression 

diagnosis prior to first stroke in our main analyses. Annual rates of diagnosis and treatment 

were higher for individuals with a prior diagnosis of depression. In regression analysis, 

however, we observed similar trends by gender, race/ethnicity and age among individuals 

with and without prior depression diagnosis. We aimed to minimize selection bias in our 

analysis by making no restrictions in eligibility based on duration or continuity of follow-up. 

These data did not include information on stroke or depression severity, which may be an 

important determinants of treatment with antidepressants.39

Diagnosis of poststroke depression may be complicated by concurrent cognitive symptoms 

including aphasia, agnosia, apraxia, and memory disturbance. Our analysis relies on 

diagnostic codes from outpatient, inpatient, and emergency department encounters 

to measure depressive disorders following stroke. Our analysis may systematically 

underestimate the true burden of depressive symptoms in stroke patients as compared with 

self-report tools. However, our results were robust to several alternative specifications for 

poststroke depression and remained consistent when we alternatively examined poststroke 

depression in the six months and five years following first stroke. Finally, our analysis of 

treatment rates does not consider therapeutic modalities beyond prescribed antidepressants, 

although there is evidence that psychotherapy may be beneficial for stroke patients with 

depression.40

Conclusions

This retrospective cohort study examines trends in diagnosis and treatment of poststroke 

depression among privately insured patients from 2003–2020. Rates of poststroke depression 

diagnoses and treatment increased over the study period. Poststroke depression was 

diagnosed more frequently among women, older and White beneficiaries. In analysis 
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restricted to individuals diagnosed with poststroke depression, differences in treatment 

persisted. Beneficiaries who were male, ages 18–34, and members of racial/ethnic minorities 

were less likely to be prescribed an antidepressant. In this insured population, differences 

in clinical management of poststroke depression across population subgroups may reflect 

barriers other than access to healthcare. Future research may aim to identify the predominant 

mechanisms that explain systematic differences in poststroke depression treatment that we 

and others have observed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is already known on this topic

• Depression is a common neuropsychiatric consequence of stroke, arising 

from a combination of biologic and psychosocial factors. Yet there is little 

systematic evidence regarding current trends in clinical management of 

poststroke depression.

What this study adds

• Using claims data, we find that rates of diagnosis and treatment have 

increased over time. Patients who were male or who were non-white were 

systematically less likely to be diagnosed with or treated for poststroke 

depression.

How this study might affect research, practice, and/or policy

• Our findings suggest inequities in clinical management that may be 

ameliorated with universal screening for depressive symptoms following 

stroke and motivates ongoing research that aims to identify the underlying 

mechanisms by which such inequities arise.
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Figure 1. 
Depression diagnoses within one year of first stroke for all stroke and by subtype, 2003–

2020.
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Figure 2. 
Prescribed antidepressants by drug class among individuals post-stroke depression, 2003–

2020.
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