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Abstract

IMPORTANCE Knowledge gaps persist regarding racial and ethnic variation in late-life depression,
including differences in specific depressive symptoms and disparities in care.

OBJECTIVE To examine racial/ethnic differences in depression severity, symptom burden, and care.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study included 25 503 of 25 871
community-dwelling older adults who participated in the Vitamin D and Omega-3 Trial (VITAL), a
randomized trial of cancer and cardiovascular disease prevention conducted from November 2011 to
December 2017. Data analysis was conducted from June to September 2018.

EXPOSURE Racial/ethnic group (ie, non-Hispanic white; black; Hispanic; Asian; and other, multiple,
or unspecified race).

MAIN OUTCOMES AND MEASURES Depressive symptoms, assessed using the Patient Health
Questionnaire–8 (PHQ-8); participant-reported diagnosis, medication, and/or counseling for
depression. Differences across racial/ethnic groups were evaluated using multivariable zero-inflated
negative binomial regression to compare PHQ-8 scores and multivariable logistic regression to
estimate odds of item-level symptom burden and odds of depression treatment among those with
diagnosed depression.

RESULTS There were 25 503 VITAL participants with adequate depression data (mean [SD] age, 67.1
[7.1] years) including 12 888 [50.5%] women, 17 828 [69.9%] non-Hispanic white participants, 5004
[19.6%] black participants, 1001 [3.9%] Hispanic participants, 377 [1.5%] Asian participants, and 1293
participants [5.1%] who were categorized in the other, multiple, or unspecified race group. After
adjustment for sociodemographic, lifestyle, and health confounders, black participants had a 10%
higher severity level of PHQ-8 scores compared with non-Hispanic white participants (rate ratio [RR],
1.10; 95% CI, 1.04-1.17; P < .001); Hispanic participants had a 23% higher severity level of PHQ-8
scores compared with non-Hispanic white participants (RR, 1.23; 95% CI, 1.10-1.38; P < .001); and
participants in the other, multiple, or unspecified group had a 14% higher severity level of PHQ-8
scores compared with non-Hispanic white participants (RR, 1.14; 95% CI, 1.04-1.25; P = .007).
Compared with non-Hispanic white participants, participants belonging to minority groups had
1.5-fold to 2-fold significantly higher fully adjusted odds of anhedonia (among black participants:
odds ratio [OR], 1.76; 95% CI, 1.47-2.11; among Hispanic participants: OR, 1.96; 95% CI, 1.43-2.69),
sadness (among black participants: OR, 1.31; 95% CI, 1.07-1.60; among Hispanic participants: OR,
2.09; 95% CI, 1.51-2.88), and psychomotor symptoms (among black participants: OR, 1.77; 95% CI,
1.31-2.39; among Hispanic participants: OR, 2.12; 95% CI, 1.28-3.50); multivariable-adjusted odds of
sleep problems and guilt appeared higher among Hispanic vs non-Hispanic white participants (sleep:
OR, 1.24; 95% CI, 1.01-1.52; guilt: 1.84; 95% CI, 1.31-2.59). Among those with clinically significant

(continued)

Key Points
Question Do older adults from minority

racial and ethnic groups differ from

non-Hispanic white older adults

regarding severity of depression, item-

level depressive symptoms, and

depression care?

Findings This cross-sectional study of

25 503 older community-dwelling adults

found significant racial/ethnic

disparities, with higher overall severity

of depression scores, 1.5-fold to 2-fold

higher odds of several item-level

depressive symptoms, and lower

prevalence of depression care among

participants belonging to minority

groups, after adjusting for confounders.

Meaning In this study, the observed

racial and ethnic disparities among older

adults in late-life depression severity,

symptomatology, and treatment

suggest the need for further

examination of a broad range of patient-

level and clinician-level factors that may

drive these associations.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 1/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.1606&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606


Abstract (continued)

depressive symptoms (ie, PHQ-8 score �10) and/or those with diagnosed depression, black
participants were 61% less likely to report any treatment (ie, medications and/or counseling) than
non-Hispanic white participants after adjusting for confounders (adjusted OR, 0.39; 95% CI,
0.27-0.56).

CONCLUSIONS AND RELEVANCE In this cross-sectional study, significant racial and ethnic
differences in late-life depression severity, item-level symptom burden, and depression care were
observed after adjustment for numerous confounders. These findings suggest a need for further
examination of novel patient-level and clinician-level factors underlying these associations.

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606

Introduction

Depression is a leading cause of disability and global disease burden and poses serious consequences
for affected individuals and society alike.1 Late-life depression (LLD) is common. In a 2013
meta-analysis,2 estimated current and lifetime prevalence rates of major depressive disorder among
older adults were 3.3% and 16.5%, respectively; current prevalence of significant LLD symptoms (ie,
encompassing major and minor depression) is higher, at 19%.3 However, even with appropriate
diagnosis and treatment, residual symptoms and dysfunction frequently occur in LLD.4

Current evidence indicates that older adults who belong to racial/ethnic minority groups
encounter disparities in both depression burden and care. Race/ethnicity may be conceptualized as
a complex multidimensional construct comprising heterogeneous societal and cultural factors; thus,
in some contexts, race/ethnicity may appear as a proxy for social determinants of health.5 For
example, low socioeconomic status, low physical activity, and medical comorbidities are established
determinants of LLD6; given that their distributions differ by race/ethnicity,7 they may contribute to
health disparities.8 Disparities may also include underdiagnosis,9 lower likelihood of receiving
depression treatment, and differences in treatment quality.10-12 Potential disparities9,13 are
concerning, given that the higher current depression burden,14-17 symptom severity,16 and
depression-related role dysfunction18 reported among older adults from minority groups may lead to
greater adverse long-term health consequences from depression.19,20 For example, older adults from
minority groups bear a disproportionate share of the burden of dementia; it is plausible that a
proportion of the variation in dementia risk among older adults from minority groups may be
explained by LLD and its interplay with prevalent medical comorbidities.21,22 Thus, it is critical to
measure the extent of the disparities in symptom severity, burden, and care as well as to evaluate
potential social, behavioral, and health status determinants that may partly underlie disparities.

There is also a need to address potential racial/ethnic variations in presenting symptoms of
depression, especially given that these may be associated with how clinicians diagnose or treat LLD.
Older adults appear less likely than younger adults to report certain features of depression, including
dysphoria or sadness and guilt.23 Symptoms such as sleep disturbance, fatigue, loss of interest, and
hopelessness may be more prominent in LLD.24 However, knowledge gaps remain regarding racial/
ethnic variations in item-level depressive symptoms and overall levels of symptoms among
older adults.

Identifying disparities in symptom presentation and treatment of LLD may guide approaches to
reducing associated morbidity and mortality. Thus, this study leveraged the high-quality depression
and other phenotypic data from participants in a large-scale randomized clinical trial to evaluate
racial/ethnic differences in depression severity, item-level depressive symptom burden, and
depression care.
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Methods

Study Population
Participants were members of the Vitamin D and Omega-3 Trial (VITAL) and VITAL-Depression
Endpoint Prevention (VITAL-DEP),25 an LLD ancillary study to VITAL.26-28 Overall, VITAL included
25 871 men aged 50 years and older and women aged 55 years and older (mean [SD] age, 67.1 [7.1]
years), in a 2 × 2 factorial randomized clinical trial of cancer and cardiovascular disease prevention
using vitamin D and/or fish oil; thus, VITAL and VITAL-DEP participants were free of heart disease or
cancer at baseline. Inclusion and exclusion criteria are detailed elsewhere.25,28 For this study, we
included 25 503 VITAL participants, after excluding 368 without adequate depression data (ie, >2
items missing on the Patient Health Questionnaire–8 [PHQ-8]) (eFigure in the Supplement).
Characteristics of included sample participants were comparable with those in the full cohort, eg,
mean (SD) age (67.1 [7.1] years in both groups), number of women (13 085 [50.6%] vs 12 888
[50.5%]), and mean (SD) body mass index (BMI; calculated as weight in kilograms divided by height
in meters squared; 28.1 [5.7] in both groups). All participants provided written informed consent,
and the study was approved by the institutional review board at Brigham and Women’s Hospital. This
study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.

Participant Characteristics
Characteristics were self-reported on study questionnaires. Demographic variables included age, sex,
race/ethnicity (ie, non-Hispanic white, black, Hispanic, Asian including Pacific Islander, and other [ie,
Native American, Alaskan Native, and other, multiple, or unspecified race/ethnicity]), education level,
and yearly income. Lifestyle and behavioral characteristics included BMI; physical activity (total
metabolic equivalent [MET] hours per week); cigarette smoking (ie, current, past, or never); alcohol
use frequency (ie, never, rarely or monthly, weekly, or daily). Medical comorbidity variables included
history of hypertension, diabetes, or high cholesterol.

Assessment and Measures of Depression
Depression was characterized in VITAL-DEP by using Boolean classification of depressive symptoms,
diagnosis, and/or treatment data, consistent with our prior work29 and other large-scale, high-
quality studies of older adults.30-32 Depressive symptoms were ascertained on annual questionnaires
via the PHQ-8,33,34 which has high validity for identifying clinical depression (eg, high sensitivity and
specificity for major depressive disorder at the validated cutoff of PHQ-8 score �10)33,35 and cross-
cultural validity among diverse, community-dwelling older adults.36-38 Depression severity was
categorized using total PHQ-8 score as follows: no or minimal depression, 0 to 4; mild depression, 5
to 9; and moderate or more severe depression, at least 10. Item-level symptom burden was denoted
by report of experiencing a symptom more than half the days or nearly every day on the PHQ-8.
Depression care was determined by evaluating self-reported history of clinician diagnosis of
depression, use of antidepressant medication, such as selective serotonin reuptake inhibitors, and/or
counseling for depression.

Statistical Analysis
Demographic, lifestyle, health, and depression-related variables were summarized for the whole
sample. Characteristics were also compared among racial/ethnic groups. Depression severity was
modeled using multilevel zero-inflated negative binomial regression,39,40 given that this was most
appropriate for the distribution of PHQ-8 total score. The mean PHQ-8 score was 1.78 points, while
the variance was several times larger, at 8.51 points, and 11 888 participants (46.6%) had zero values.
The negative binomial portion is clinically interpretable as severity of total symptoms; the zero-
inflated portion, which predicts likelihood of all zeroes (0 points) vs not (�1 point), is not clinically
interpretable in this context because of a lack of meaningful distinction between true and excess
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zeroes using the PHQ-8. Thus, we focused on the negative binomial portion for addressing total
depression severity.

Racial/ethnic differences in item-level depressive symptoms (eg, anhedonia, sadness, guilt,
neurovegetative symptoms) were examined using logistic regression. Of note, black and Hispanic
participants were slightly younger than participants from other racial/ethnic groups (by enrollment
design in VITAL because of racial/ethnic differences in age-related risks of heart disease and cancer);
thus, we conducted a sensitivity analysis using weighted odds ratios (ORs) to reduce possible bias
in the estimates owing to the age-and-race structure of the sample.

Finally, we evaluated racial/ethnic differences in depression care when restricting the sample to
participants who reported clinically significant depressive symptoms (ie, PHQ-8 score �10).33

Furthermore, racial/ethnic differences in depression care were analyzed among those who reported
both PHQ-8 scores of at least 10 and clinician-diagnosed depression. All previously mentioned
regression models were sequentially adjusted for demographic factors and then for lifestyle factors
and medical comorbidities, as described earlier. Statistical analyses were performed with SAS
statistical software version 9.3 (SAS Institute). Statistical significance was defined as a 2-tailed
P < .05.

Results

As shown in Table 1, there were 25 503 participants (mean [SD] age, 67.1 [7.1] years; 12 888 [50.5%]
women). There were 17 828 (69.9%) non-Hispanic white participants, 5004 (19.6%) black
participants, 1001 (3.9%) Hispanic participants, 377 (1.5%) Asian participants, and 1293 participants
(5.1%) in the other, multiple, or unspecified race group. Participant characteristics are also presented
by racial/ethnic groups (Table 1). Black and Hispanic participants were younger compared with other
racial/ethnic groups (mean [SD] age: black, 63.3 [6.8] years; Hispanic, 67.3 [6.6] years; non-Hispanic
white, 68.1 [6.8] years; Asian, 67.6 [6.7] years). Compared with non-Hispanic white participants,
black participants, Hispanic participants, and participants in the other, multiple, or unspecified group
had lower educational attainment (did not complete high school: non-Hispanic white, 80 [0.5%];
black, 174 [3.5%]; Hispanic, 49 [4.9%]; other, 42 [3.3%]) and annual household income (<$15 000:
non-Hispanic white, 498 [3.1%]; black, 735 [16.2%]; Hispanic, 78 [8.5%]; other, 119 [10.3%]), higher
BMI (mean [SD] BMI: non-Hispanic white, 27.4 [5.2]; black, 30.6 [6.7]; Hispanic, 28.7 [5.6]; other,
28.5 [5.8]), lower daily alcohol consumption (never: non-Hispanic white, 4718 [26.7%]; black, 2232
[46.0%]; Hispanic, 301 [31.1%]; other, 472 [37.4%]), higher current smoking (non-Hispanic white,
926 [5.2%]; black, 704 [14.3%]; Hispanic, 65 [6.6%]; other, 113 [8.8%]), and lower physical activity
(median [interquartile range] MET h/wk: non-Hispanic white, 17.4 [5.9-33.0]; black, 9.2 [2.6-25.7];
Hispanic, 14.5 [3.8-32.6]; other, 13.2 [3.6-30.0]). Prevalence of diabetes was nearly 2-fold higher
among patients from minority groups than among non-Hispanic white participants (non-Hispanic
white, 1850 [10.4%]; black, 1191 [23.9%]; Hispanic, 200 [20.0%]; Asian 79 [21.0%]; other, 175
[13.6%]); the disparity in diabetes prevalence among Asian participants was notable, given lower
mean (SD) BMI among Asian participants (24.8 [4.2]) compared with non-Hispanic white participants
(27.4 [5.2]). Black participants had a higher prevalence of hypertension compared with non-Hispanic
white participants (3361 [67.7%] vs 8424 [47.5%]).

Racial/ethnic variations were apparent for depression variables. Black participants, Hispanic
participants, and participants from the other, multiple, or unspecified race group were more likely to
have PHQ-8 scores of at least 10 (non-Hispanic white, 354 [2.0%]; black, 287 [5.8%]; Hispanic, 51
[5.1%]; other, 55 [4.3%]) and to endorse core features of depression (eg, felt sad for 2 weeks or
longer in the past 2 years: non-Hispanic white, 1916 [10.8%]; black, 826 [16.7%]; Hispanic, 143
[14.3%]; other, 201 [15.6%]); however, black and Hispanic participants were less likely to report
selective serotonin reuptake inhibitor use (non-Hispanic white, 1275 [7.2%]; black, 185 [3.8%];
Hispanic, 49 [5.0%]) or having been diagnosed with or treated for depression (non-Hispanic white,
3518 [21.4%]; black, 866 [19.1%]; Hispanic, 162 [17.5%]). Characteristics by depression severity level
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are also shown (eTable 1 in the Supplement). Compared with the group with mild symptoms (PHQ-8
score 0-4), the group with moderate symptoms (PHQ-8 score �10) had lower mean (SD) age (66.0
[7.3] years vs 64.6 [7.1] years); had a higher proportion of women (1258 [57.5%] vs 445 [58.9%]),
black participants (585 [26.7%] vs 287 [38.0%]), Hispanic participants (96 [4.4%] vs 51 [6.8%]), or
participants from other, multiple, or unspecified race/ethnicity groups (123 [5.6%] vs 55 [7.3%]);
higher mean (SD) BMI (30.0 [7.0] vs 31.5 [7.7]); lower median (interquartile range) physical activity
(8.6 [2.1-23.8] MET h/wk vs 4.4 [0.7-15.1] MET h/wk); higher current smoking (261 [12.0%] vs 140
[18.8%]); lower daily alcohol consumption (never: 820 [38.4%] vs 350 [47.6%]); and higher medical
comorbidity (eg, diabetes: 462 [21.2%] vs 204 [27.1%]).

We observed significant differences in depression severity by racial/ethnic group (Table 2).
Compared with non-Hispanic white participants, black participants, Hispanic participants, and

Table 1. Baseline Demographic, Lifestyle, Behavioral, Health, and Depression Characteristics of the Sample by Race/Ethnic Groups

Characteristic

No./total No. (%)a No. (%)

Total cohort (N = 25 503)

Race/ethnicity

Non-Hispanic white
(n = 17 828) Black (n = 5004) Hispanic (n = 1001) Asian (n = 377)b

Other, multiple,
or unspecified
(n = 1293)c

Demographic

Age, mean (SD), y 67.1 (7.1) 68.1 (6.8) 63.3 (6.8) 67.3 (6.6) 67.6 (6.7) 68.3 (7.3)

Women 12 888/25 503 (50.5) 8573 (48.1) 3098 (61.9) 361 (36.1) 156 (41.4) 700 (54.1)

Education

Did not complete high school 346/25 450 (1.4) 80 (0.5) 174 (3.5) 49 (4.9) 1 (0.3) 42 (3.3)

High school diploma or GED 2890/25 450 (11.4) 1372 (7.7) 1056 (21.2) 195 (19.5) 18 (4.8) 249 (19.4)

Attended or graduated from
college

10 697/25 450 (42.0) 7243 (40.7) 2398 (48.1) 380 (38.0) 150 (39.8) 526 (40.9)

Postgraduate 11 517/25 450 (45.3) 9110 (51.2) 1353 (27.2) 377 (37.7) 208 (55.2) 469 (36.5)

Income, $

<15 000 1445/22 993 (6.3) 498 (3.1) 735 (16.2) 78 (8.5) 15 (4.5) 119 (10.3)

15 000-29 999 2875/22 993 (12.5) 1508 (9.4) 982 (21.6) 166 (18.1) 28 (8.3) 191 (16.5)

30 000-49 999 4080/22 993 (17.7) 2700 (16.8) 941 (20.7) 166 (18.1) 51 (15.1) 222 (19.2)

50 000-69 999 3763/22 993 (16.4) 2674 (16.7) 730 (16.1) 135 (14.8) 50 (14.8) 174 (15.0)

70 000-89 999 2919/22 993 (12.7) 2235 (13.9) 408 (9.0) 109 (11.9) 40 (11.9) 127 (11.0)

90 000-120 000 3737/22 993 (16.3) 2929 (18.3) 440 (9.7) 132 (14.4) 76 (22.6) 160 (13.8)

>120 000 4174/22 993 (18.2) 3496 (21.8) 308 (6.8) 129 (14.1) 77 (22.9) 164 (14.2)

Lifestyle and behavioral factors

BMI, mean (SD) 28.1 (5.7) 27.4 (5.2) 30.6 (6.7) 28.7 (5.6) 24.8 (4.2) 28.5 (5.8)

Total leisure-time physical
activity and stair climbing,
median (IQR), MET hours/wk d

15.5 (4.6-31.7) 17.4 (5.9-33.0) 9.2 (2.6-25.7) 14.5 (3.8-32.6) 16.9 (6.6-35.0) 13.2 (3.6-30.0)

Cigarette smoking

Never 13 072/25 276 (51.7) 9166 (51.8) 2504 (50.8) 521 (52.8) 242 (65.2) 639 (49.8)

Past 10 384/25 276 (41.1) 7618 (43.0) 1718 (34.9) 401 (40.6) 117 (31.5) 530 (41.3)

Current 1820/25 276 (7.2) 926 (5.2) 704 (14.3) 65 (6.6) 12 (3.2) 113 (8.8)

Alcohol use

Never 7880/25 093 (31.4) 4718 (26.7) 2232 (46.0) 301 (31.1) 157 (43.3) 472 (37.4)

Rarely to less than weekly 1878/25 093 (7.5) 1203 (6.8) 449 (9.3) 86 (8.9) 30 (8.3) 110 (8.7)

1-6 drinks/wk 8779/25 093 (35.0) 6308 (35.8) 1576 (32.5) 373 (38.5) 128 (35.3) 394 (31.3)

Daily 6556/25 093 (26.1) 5418 (30.7) 596 (12.3) 209 (21.6) 48 (13.2) 285 (22.6)

Comorbidity factors

Hypertensione 13 142/25 366 (51.8) 8424 (47.5) 3361 (67.7) 508 (51.2) 187 (49.9) 662 (51.4)

Diabetesf 3495/25 462 (13.7) 1850 (10.4) 1191 (23.9) 200 (20.0) 79 (21.0) 175 (13.6)

High cholesterol 9462/25 219 (37.5) 6911 (39.1) 1573 (32.0) 366 (37.1) 157 (42.9) 455 (35.7)

Depression characteristics

PHQ-8 score

(continued)
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participants in the other, multiple, or unspecified race group had 10%, 23%, and 14% significantly
higher depression severity levels, respectively, after adjusting for confounders (black: rate ratio [RR],
1.10; 95% CI, 1.04-1.17; P < .001; Hispanic: RR, 1.23; 95% CI, 1.10-1.38; P < .001; other: RR, 1.14; 95%
CI, 1.04-1.25; P = .007). Compared with non-Hispanic white participants, black, Hispanic, and Asian
participants had higher odds of excess zeroes (black: OR, 2.28; 95% CI, 1.76-2.96; P < .001; Hispanic:
OR, 2.08; 95% CI, 1.43-3.02; P < .001; Asian: OR, 2.16; 95% CI, 1.20-3.89; P = .01); results of output
from the zero-inflated negative binomial model, including the zero-inflated and negative binomial

Table 2. Differences in Depression Severity by Race/Ethnicity

Modela

Race/ethnicity

Non-Hispanic white
(n = 17 828)

Black (n = 5004) Hispanic (n = 1001) Asian (n = 377)b Others (n = 1293)c

RR (95% CI) P value RR (95% CI) P value RR (95% CI) P value RR (95% CI) P value
Model 1d 1 [Reference] 1.64 (1.54-1.73) <.001 1.51 (1.34-1.71) <.001 1.12 (0.90-1.38) .32 1.32 (1.19-1.47) <.001

Model 2e 1 [Reference] 1.23 (1.16-1.30) <.001 1.28 (1.14-1.43) <.001 1.10 (0.90-1.33) .36 1.15 (1.04-1.26) .005

Model 3f,g 1 [Reference] 1.13 (1.07-1.20) <.001 1.24 (1.11-1.39) <.001 1.16 (0.95-1.40) .14 1.12 (1.02-1.23) .02

Model 4g,h 1 [Reference] 1.10 (1.04-1.17) <.001 1.23 (1.10-1.38) <.001 1.10 (0.91-1.33) .34 1.14 (1.04-1.25) .007

Abbreviation: RR, rate ratio.
a Results from the negative binomial portion of the zero-inflated negative binomial

regression show RRs and 95% CIs, which reflect percentage differences in total
depression severity on the Patient Health Questionnaire–8 among minority racial
groups (eTable 2 in the Supplement).

b Asian group included Pacific Islander individuals.
c Other race/ethnicity included Native American and American Indian, Native Hawaiian,

and other, multiple, unknown and unspecified race/ethnicity.

d Model 1 was analyzed as a univariate model.
e Model 2 was adjusted for demographic factors.
f Model 3 was adjusted for demographic, lifestyle, and behavioral factors.
g To avoid undefined physical activity estimates when using a missing indicator for

physical activity, we imputed the median value for the small percentage (<1%) of
participants who were missing information on physical activity.

h Model 4 was adjusted for demographic, lifestyle, behavioral, and comorbidity factors.

Table 1. Baseline Demographic, Lifestyle, Behavioral, Health, and Depression Characteristics of the Sample by Race/Ethnic Groups (continued)

Characteristic

No./total No. (%)a No. (%)

Total cohort (N = 25 503)

Race/ethnicity

Non-Hispanic white
(n = 17 828) Black (n = 5004) Hispanic (n = 1001) Asian (n = 377)b

Other, multiple,
or unspecified
(n = 1293)c

PHQ-8 score
Median (IQR) 1.0 (0.0-2.0) 1.0 (0.0-2.0) 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.0 (0.0-2.0) 1.0 (0.0-3.0)

0 11 888/25 503 (46.6) 8464 (47.5) 2183 (43.6) 483 (48.3) 204 (54.1) 554 (42.9)

1-4 10 671/25 503 (41.8) 7651 (42.9) 1949 (39.0) 371 (37.1) 139 (36.9) 561 (43.4)

5-9 2189/25 503 (8.6) 1359 (7.6) 585 (11.7) 96 (9.6) 26 (6.9) 123 (9.5)

10-14 504/25 503 (2.0) 245 (1.4) 183 (3.7) 29 (2.9) 6 (1.6) 41 (3.2)

15-19 183/25 503 (0.7) 79 (0.4) 76 (1.5) 19 (1.9) 1 (0.3) 8 (0.6)

≥20 68/25 503 (0.3) 30 (0.2) 28 (0.6) 3 (0.3) 1 (0.3) 6 (0.5)

SSRI use 1603/25 140 (6.4) 1275 (7.2) 185 (3.8) 49 (5.0) 8 (2.2) 86 (6.8)

Ever diagnosed with, took
medication for, or counseled for
depression

4846/23 425 (20.7) 3518 (21.4) 866 (19.1) 162 (17.5) 30 (8.6) 270 (23.3)

If ever diagnosed, took
medication or received counseling
in the past 2 y

2626/4784 (54.9) 1906 (54.8) 436 (51.1) 99 (62.3) 17 (58.6) 168 (62.9)

Felt sad or depressed for ≥2 wk in
the last 2 y

3126/25 389 (12.3) 1916 (10.8) 826 (16.7) 143 (14.3) 40 (10.6) 201 (15.6)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by
height in meters squared); GED, general education diploma; IQR, interquartile range;
MET, metabolic equivalent of task; PHQ-8, Patient Health Questionnnaire–8; SSRI,
selective serotonin reuptake inhibitor.
a Figures for percentages may not add to 100 due to rounding.
b Asian group also includes Pacific Islander individuals.
c Other, multiple, or unspecified race/ethnicity group includes Native American and

American Indian, Native Hawaiian, and other, multiple, unspecified race/ethnicity.

d Leisure-time physical activities included walking or hiking; jogging; running; bicycling;
aerobic exercise, aerobic dance, and exercise machines; lower-intensity exercise, yoga,
stretching, and toning; tennis, squash, and racquetball; lap swimming; weight lifting
or strength training; and other exercise.

e Ever diagnosed with high blood pressure or ever use of antihypertensive medication.
f Ever diagnosed with diabetes or current use of antidiabetic medication.
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portions, are detailed in eTable 2 in the Supplement. There was no evidence of interactions of race/
ethnicity with sex on depression severity, except among Hispanic women, who had a higher estimate
of depression severity than Hispanic men without reaching statistical significance (data not shown).

We observed significant differences in item-level symptoms across racial/ethnic groups
(Table 3). Compared with non-Hispanic white participants, black and Hispanic participants had 3-fold
to 4-fold higher unadjusted odds of burden from most item-level symptoms, including core features
of depression (anhedonia among black participants: unadjusted OR, 3.71; 95% CI, 3.17-4.34; among
Hispanic participants: unadjusted OR, 2.83; 95% CI, 2.09-3.84; sadness among black participants:
unadjusted OR, 3.03; 95% CI, 2.55-3.59; among Hispanic participants: unadjusted OR, 3.03; 95% CI,
2.23-4.13). Multivariable-adjusted ORs were attenuated to 1.5-fold to 2-fold differences but remained
statistically significant for most items (anhedonia among black participants: OR, 1.76; 95% CI, 1.47-
2.11; among Hispanic participants: OR, 1.96; 95% CI, 1.43-2.69; sadness among black participants: OR,
1.31; 95% CI, 1.07-1.60; among Hispanic participants: OR, 2.09; 95% CI, 1.51-2.88; psychomotor
symptoms among black participants: OR, 1.77; 95% CI, 1.31-2.39; among Hispanic participants: OR,
2.12; 95% CI, 1.28-3.50), except neurovegetative symptoms (eg, sleep, energy, appetite); higher ORs
of burden from sleep problems and guilt remained statistically significant only among Hispanic
participants after adjusting for confounders (sleep: OR, 1.24; 95% CI, 1.01-1.52; guilt: 1.84; 95% CI,
1.31-2.59). We observed statistically significant 2-fold higher odds of anhedonia and concentration
difficulty among Asian participants compared with non-Hispanic white participants (anhedonia: OR,
2.14; 95% CI, 1.23-3.74; concentration: 2.26; 95% CI, 1.18-4.33). Among participants from the other,
multiple, or unspecified race group, there were 1.5-fold higher multivariable-adjusted odds only of
core features (ie, anhedonia and sadness) compared with non-Hispanic white participants
(anhedonia: OR, 1.47; 95% CI, 1.07-2.02; sadness: OR, 1.46; 95% CI, 1.05-2.03). In exploratory
analyses addressing possible interactions of race/ethnicity with sex, we observed 2-fold higher odds
of anhedonia and guilt among Hispanic women vs men, but the results were not statistically
significant (data not shown). Finally, in sensitivity analyses using weighted ORs that accounted for
racial/ethnic differences in prevalence of age groups in VITAL, we did not observe any differences in
the estimates comparing the weighted ORs with those from the primary models (data not shown).

Regarding depression care, we observed racial/ethnic differences in diagnosis and treatment
use among those who had PHQ-8 scores of at least 10 (Table 4 and Table 5). Because of low numbers
of those reporting medication or counseling use in this subset, we combined the Hispanic, Asian, and
other racial/ethnic groups. Compared with non-Hispanic white participants, black participants were
61% less likely to report depression treatment (ie, medications and/or counseling) (adjusted OR,
0.39; 95% CI, 0.27-0.56), but no differences were observed for the other minority group. When we
further evaluated differences among those who reported both PHQ-8 scores of at least 10 and
clinician diagnosis of depression, we observed that black participants were significantly less likely to
report treatment compared with non-Hispanic whites (adjusted OR, 0.42; 95% CI, 0.24-0.74). In
exploratory stratified analyses, we found suggestions of greater disparity among black women,
although formal tests of race/ethnicity × sex interaction were not statistically significant. For
example, among participants reporting both PHQ-8 scores of at least 10 and clinician diagnosis of
depression, the adjusted OR of depression treatment was 1.48 (95% CI, 0.54-4.01) among black men
compared with non-Hispanic white men; in contrast, the adjusted OR of depression treatment was
0.16 (95% CI, 0.07-0.36) comparing black women with non-Hispanic white women (data
not shown).

Discussion

In this large cross-sectional study of a well-characterized and diverse cohort, we used novel
approaches to evaluate racial/ethnic disparities in LLD by examining differences in overall severity of
depression symptoms, item-level depressive symptom burden, and depression care. We found
significantly higher overall depression severity among participants from the black, Hispanic, and
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other, multiple, or unspecified race groups compared with those from the non-Hispanic white group.
Item-level symptoms also varied significantly by race/ethnicity. For example, compared with
Non-Hispanic white participants, all participants from minority groups had higher anhedonia; black

Table 3. Associations of Race/Ethnicity With Odds of Elevated Item-Level Depressive Symptom Burden

Symptom

OR (95% CI)
Non-Hispanic white
(n = 17 828) Black (n = 5004) Hispanic (n = 1001) Asian (n = 377)a Others (n = 1293)b

Anhedonia

Model 1c 1 [Reference] 3.71 (3.17-4.34) 2.83 (2.09-3.84) 2.07 (1.20-3.57) 2.12 (1.56-2.88)

Model 2d 1 [Reference] 2.12 (1.77-2.53) 2.03 (1.48-2.77) 2.13 (1.23-3.68) 1.59 (1.16-2.17)

Model 3e,f 1 [Reference] 1.81 (1.51-2.17) 1.99 (1.45-2.72) 2.24 (1.29-3.90) 1.47 (1.07-2.01)

Model 4f,g 1 [Reference] 1.76 (1.47-2.11) 1.96 (1.43-2.69) 2.14 (1.23-3.74) 1.47 (1.07-2.02)

Sadness

Model 1c 1 [Reference] 3.03 (2.55-3.59) 3.03 (2.23-4.13) 1.27 (0.63-2.59) 2.11 (1.54-2.91)

Model 2d 1 [Reference] 1.57 (1.29-1.91) 2.15 (1.56-2.96) 1.29 (0.63-2.63) 1.58 (1.14-2.19)

Model 3e,f 1 [Reference] 1.36 (1.12-1.66) 2.13 (1.55-2.94) 1.32 (0.64-2.71) 1.46 (1.05-2.03)

Model 4f,g 1 [Reference] 1.31 (1.07-1.60) 2.09 (1.51-2.88) 1.25 (0.61-2.57) 1.46 (1.05-2.03)

Sleep

Model 1c 1 [Reference] 1.57 (1.42-1.73) 1.44 (1.18-1.76) 0.77 (0.51-1.16) 1.28 (1.06-1.54)

Model 2d 1 [Reference] 1.13 (1.01-1.26) 1.27 (1.03-1.55) 0.80 (0.53-1.21) 1.09 (0.90-1.31)

Model 3e,f 1 [Reference] 1.03 (0.92-1.15) 1.26 (1.03-1.54) 0.88 (0.58-1.32) 1.05 (0.87-1.26)

Model 4f,g 1 [Reference] 0.97 (0.87-1.09) 1.24 (1.01-1.52) 0.82 (0.54-1.24) 1.05 (0.87-1.26)

Energy

Model 1c 1 [Reference] 2.13 (1.91-2.38) 1.47 (1.15-1.87) 1.14 (0.75-1.75) 1.69 (1.38-2.08)

Model 2d 1 [Reference] 1.25 (1.11-1.42) 1.13 (0.88-1.46) 1.21 (0.79-1.86) 1.29 (1.05-1.60)

Model 3e,f 1 [Reference] 1.03 (0.90-1.17) 1.09 (0.85-1.41) 1.33 (0.86-2.06) 1.19 (0.96-1.47)

Model 4f,g 1 [Reference] 0.96 (0.84-1.09) 1.06 (0.83-1.37) 1.25 (0.80-1.93) 1.18 (0.96-1.47)

Appetite

Model 1c 1 [Reference] 2.24 (1.96-2.57) 1.64 (1.23-2.19) 0.80 (0.42-1.51) 1.63 (1.26-2.11)

Model 2d 1 [Reference] 1.27 (1.09-1.48) 1.35 (1.00-1.81) 0.86 (0.45-1.62) 1.26 (0.97-1.64)

Model 3e,f 1 [Reference] 1.03 (0.88-1.20) 1.31 (0.97-1.77) 0.99 (0.52-1.89) 1.15 (0.88-1.51)

Model 4f,g 1 [Reference] 0.97 (0.83-1.14) 1.28 (0.95-1.73) 0.93 (0.49-1.78) 1.15 (0.88-1.51)

Guilt

Model 1c 1 [Reference] 3.01 (2.54-3.58) 2.62 (1.89-3.63) 1.27 (0.63-2.59) 1.87 (1.34-2.62)

Model 2d 1 [Reference] 1.40 (1.15-1.70) 1.83 (1.31-2.57) 1.29 (0.63-2.63) 1.40 (0.99-1.97)

Model 3e,f 1 [Reference] 1.26 (1.03-1.53) 1.86 (1.33-2.61) 1.41 (0.69-2.90) 1.32 (0.94-1.87)

Model 4f,g 1 [Reference] 1.20 (0.98-1.46) 1.84 (1.31-2.59) 1.36 (0.66-2.80) 1.32 (0.93-1.86)

Concentration

Model 1c 1 [Reference] 3.40 (2.80-4.13) 1.98 (1.29-3.04) 2.20 (1.16-4.18) 1.79 (1.20-2.67)

Model 2d 1 [Reference] 1.65 (1.32-2.06) 1.28 (0.83-1.99) 2.27 (1.19-4.33) 1.28 (0.85-1.91)

Model 3e,f 1 [Reference] 1.49 (1.20-1.87) 1.30 (0.83-2.01) 2.38 (1.24-4.56) 1.20 (0.80-1.80)

Model 4f,g 1 [Reference] 1.42 (1.13-1.78) 1.27 (0.82-1.97) 2.26 (1.18-4.33) 1.19 (0.79-1.80)

Motor

Model 1c 1 [Reference] 3.86 (2.98-5.00) 3.06 (1.87-4.99) 1.27 (0.40-4.01) 2.36 (1.45-3.85)

Model 2d 1 [Reference] 2.12 (1.58-2.84) 2.12 (1.29-3.51) 1.32 (0.42-4.19) 1.70 (1.03-2.80)

Model 3e,f 1 [Reference] 1.85 (1.38-2.49) 2.12 (1.28-3.50) 1.29 (0.41-4.11) 1.57 (0.95-2.59)

Model 4f,g 1 [Reference] 1.77 (1.31-2.39) 2.12 (1.28-3.50) 1.27 (0.40-4.05) 1.56 (0.95-2.58)

Abbreviation: OR, odds ratio.
a Asian group included Pacific Islander individuals.
b Other race/ethnicity included Native American and American Indian, Native Hawaiian,

and other, multiple, or unspecified race/ethnicity.
c Model 1 was analyzed as a univariate model.
d Model 2 was adjusted for demographic factors.

e Model 3 was adjusted for demographic, lifestyle, and behavioral factors.
f To avoid undefined physical activity estimates when using a missing indicator for

physical activity, we imputed the median value for the small percentage (<1%) of
participants who were missing information on physical activity.

g Model 4 was adjusted for demographic, lifestyle, behavioral, and comorbidity factors.
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and Hispanic participants had higher anhedonia, sadness, and psychomotor symptoms; Asian
participants had higher anhedonia and difficulty concentrating. Black participants were especially
less likely to receive medication and/or counseling for depression relative to symptom levels. Finally,
there were suggestions of additional variation by sex of observed racial/ethnic disparities; Hispanic
women appeared more likely than Hispanic men to experience burden from core depressive
symptoms and guilt; black women were more than 80% less likely than non-Hispanic white women
to report receiving treatment, even when reporting both clinically significant symptom levels and
clinician-diagnosed depression.

Our finding that older black adults had higher overall depression severity is consistent with prior
literature.7,14,15,41 However, to our knowledge, examining racial/ethnic disparities in item-level

Table 4. Association of Race/Ethnicity With Odds of Antidepressant Medication or Counseling Use
Among Those Reporting Clinically Significant Depressive Symptomsa

Outcome (n = 755)

OR (95% CI)
Non-Hispanic white
(n = 354) Black (n = 287)

Hispanic, Asian, and other race/
ethnicity (n = 114)

Model 1b 1 [Reference] 0.53 (0.39-0.72) 1.05 (0.68-1.61)

Model 2c,d 1 [Reference] 0.40 (0.28-0.57) 1.10 (0.70-1.73)

Model 3d,e 1 [Reference] 0.39 (0.27-0.56) 1.12 (0.71-1.76)

Model 4d,f 1 [Reference] 0.39 (0.27-0.56) 1.10 (0.69-1.74)

Abbreviation: OR, odds ratio.
a Clinically significant depressive symptoms defined as a score of at least 10 on the Patient Health Questionnaire–8.

Medication/counseling use was determined based on self-reported use of selective serotonin reuptake inhibitors or other
medications for depression and/or counseling for depression.

b Model 1 was analyzed as a univariate model.
c Model 2 was adjusted for demographic factors.
d In this small sample size analysis, to avoid quasi-separation issues and undefined estimates in the adjusted models, we

imputed the mean value to missing body mass index, the median value to physical activity, and the largest education
category to those missing education information. We combined some categories to create binary variables, including
smoking use (ever vs never) and alcohol frequency use (daily vs nondaily use). For comorbidity variables, such as history
of hypertension, diabetes, and high cholesterol, missing participants were combined to reference (ie, no) categories.

e Model 3 was adjusted for demographic, lifestyle, and behavioral factors.
f Model 4 was adjusted for demographic, lifestyle, behavioral, and comorbidity factors.

Table 5. Association of Race/Ethnicity With Antidepressant Medication or Counseling Use Among Those
Reporting Clinically Significant Depressive Symptoms and Clinician Diagnosis of Depressiona

Outcome

OR (95% CI)
Non-Hispanic white
(n = 232) Black (n = 165)

Hispanic, Asian, and other race/
ethnicity (n = 69)

Model 1b 1 [Reference] 0.56 (0.35-0.89) 1.47 (0.68-3.20)

Model 2c,d 1 [Reference] 0.44 (0.26-0.74) 1.33 (0.60-2.96)

Model 3d,e 1 [Reference] 0.38 (0.22-0.66) 1.31 (0.58-2.97)

Model 4d,f 1 [Reference] 0.42 (0.24-0.74) 1.34 (0.59-3.05)

Abbreviation: OR, odds ratio.
a Clinically significant depressive symptoms defined as a score of at least 10 on the Patient Health Questionnaire–8.

Medication/counseling use was determined based on self-reported use of selective serotonin reuptake inhibitors or other
medications for depression and/or counseling for depression.

b Model 1 was analyzed as a univariate model.
c Model 2 was adjusted for demographic factors.
d In this small sample size analysis, to avoid quasi-separation issues and undefined estimates in the adjusted models, we

imputed the mean value to missing body mass index, the median value to physical activity, and the largest education
category to those missing education information. We combined some categories to create binary variables, including
smoking use (ever vs never) and alcohol frequency use (daily vs nondaily use). For comorbidity variables, such as history
of hypertension, diabetes, and high cholesterol, missing participants were combined to reference (ie, no) categories.

e Model 3 was adjusted for demographic, lifestyle, and behavioral factors.
f Model 4 was adjusted for demographic, lifestyle, behavioral, and comorbidity factors.
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depressive symptoms has been a gap in the evidence to date; thus, the contribution of this study is
novel in this regard. Overall, we substantively extend prior findings by examining disparities in both
depression severity and item-level symptom burden in a large sample of more than 25 000
participants that included black older adults, Hispanic older adults, Asian older adults, and older
adults from other minority groups and by having adequate power to address potential further
differences by sex.

Observed disparities in depression care among black participants were also consistent with
prior literature. Akincigil et al42 found that black individuals with clinical diagnoses of depression
were 55% less likely to be treated for depression compared with non-Hispanic white individuals.
Similarly, data from the National Health and Nutrition Examination Survey43 indicated that, while
antidepressant use increased nationally by nearly 65% during a 15-year period (from 7.7% in 1999-
2002 to 12.7% in 2011-2014), non-Hispanic white individuals were more likely to take
antidepressants than black, Hispanic, and Asian individuals. Thus, our findings suggesting relative
undertreatment of depression among older black adults are consistent with previous studies.44-46

These disparities are striking given findings that older black adults appear as likely as older white
adults to derive benefit from treatment when it is offered. For example, Hall et al47 found that, given
adequate prior antidepressant and psychotherapy exposure, black patients were no more likely than
white patients to discontinue depression treatment. Finally, as noted earlier, this report includes
important preliminary information regarding additional variation by sex in racial/ethnic disparities in
depression care.

These findings demonstrate public health significance in several ways. First, we identified
significant racial/ethnic disparities in the burden of depression. Given strong evidence that the risk of
late-life cognitive impairment and dementia may be amplified by depression,21,22,48 an implication
of these racial/ethnic disparities in LLD may include increased risk of late-life cognitive dysfunction
among individuals from minority groups. Second, we observed these depression disparities in the
context of other concurrent health disparities (eg, comorbidities such as diabetes and hypertension)
that may be exacerbated by the presence of depression. Gallo et al49 showed that evidence-based
treatment of depression in older adults led to a 24% reduction in mortality risk over 8 to 9 years of
follow-up relative to usual care. Thus, an implication of high severity and burden of depression
among older adults from minority groups, along with lower prevalence of depression care, is that
these disparities may not only exacerbate risk of dementia or cognitive impairment and worse health
status but also foreshorten life expectancy. Third, we adjusted for a comprehensive set of
sociodemographic, lifestyle, behavioral, health, and comorbidity factors. While unadjusted estimates
of increased risk were attenuated, significant differences remained. Therefore, although important
social and health determinants, such as low household income, low physical activity, and higher
medical comorbidity, were more prevalent among individuals who belonged to minority groups,
these did not fully account for disparities. Thus, other factors, including novel social determinants,
require further evaluation regarding their contributions to LLD disparities; these may include
mistrust or bias, experiences of discrimination, stigma related to help-seeking, concerns about
antidepressants, patient-physician communication issues, suboptimal care models, or lack of
culturally responsive care.

Strengths and Limitations
Strengths of this study are noted. First, the cohort has excellent minority representation (ie, 30%).
Second, participants were asked questions about comprehensive sociodemographic, lifestyle,
behavioral, and health factors in a systematic, unbiased manner; furthermore, questionnaire
participation rates were high (ie, 99%). Also, the PHQ-9 has evidence for criterion validity with
respect to criterion-standard diagnoses of major and minor depression determined by structured
psychiatric interviews, and high correlations between PHQ-8 and PHQ-9 have been demonstrated
(r > .99).50-52 Third, we addressed racial/ethnic differences in LLD on multiple levels, ie, total severity
of symptoms, item-level burden of depressive features, and care variables. To our knowledge, prior
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studies have not measured racial and ethnic disparities at the individual item-level of symptoms in
LLD. Fourth, we explored whether racial/ethnic differences in depression severity, symptom burden,
and care further varied by sex.

We acknowledge limitations. First, the study is cross-sectional; a longitudinal approach would
provide further clarity regarding racial/ethnic differences in LLD outcomes. Second, self-reported
race/ethnicity may signal differences in some social, cultural, and economic factors that were not
explicitly measured in this study; thus, findings of racial/ethnic differences can be cautiously
interpreted in this context. Third, VITAL included black and Hispanic participants who were slightly
younger than other participants; however, point estimates of weighted ORs were nearly identical to
the primary results. Fourth, we did not collect information on suicidal ideation, discrimination,
cultural stress, mental health stigma, affordability of services, and other relevant psychosocial
factors; thus, we could not address the full breadth of potential psychosocial and cultural
associations with disparities in LLD. Fifth, although prior publications have reported cross-cultural
validity of the PHQ-8 among diverse populations, we cannot exclude the possibility of bias in
participants’ interpretation of the meaning of item-level symptoms; we also cannot clinically
interpret differences by race/ethnicity and model covariates in likelihood of excess zeroes on the
PHQ-8 because of the lack of a clear clinical meaning of the zero-inflated portion of the zero-inflated
negative binomial model. Sixth, participants were members of a long-term randomized clinical trial
cohort and therefore may have been healthier or more knowledgeable about health than older adults
in the general community. However, such a difference would be likely to render estimates more
conservative; also, while this issue may affect generalizability, it does not detract from the internal
validity of the findings.

Conclusions

In this study, we observed higher severity of depression among older adults from minority groups,
especially black and Hispanic participants. Furthermore, there was racial/ethnic variation in the
burden of item-level depressive symptoms, such as anhedonia, sadness, guilt, concentration, and
psychomotor symptoms. There was also strong evidence of racial/ethnic disparities in antidepressant
and counseling treatment among older adults with depression, particularly affecting older black
women with depression. Future work in a longitudinal setting could clarify how the racial/ethnic
differences observed in this study regarding LLD severity, symptom burden, and care may evolve
over time.

ARTICLE INFORMATION
Accepted for Publication: January 30, 2020.

Published: March 26, 2020. doi:10.1001/jamanetworkopen.2020.1606

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 Vyas CM et al.
JAMA Network Open.

Corresponding Author: Olivia I. Okereke, MD, SM, Department of Psychiatry, Massachusetts General Hospital,
One Bowdoin Square, Boston, MA 02114 (olivia.okereke@mgh.harvard.edu).

Author Affiliations: Department of Psychiatry, Massachusetts General Hospital, Harvard Medical School, Boston
(Vyas, Mischoulon, Okereke); College of Pharmacy, The Ohio State University, Columbus (Donneyong);
Department of Psychiatry, VA Boston Healthcare System, Brockton, Massachusetts (Chang); Division of Preventive
Medicine, Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts (Gibson, Cook, Manson); Department of Epidemiology, Harvard T.H. Chan School of Public Health,
Boston, Massachusetts (Cook, Manson, Okereke); Channing Division of Network Medicine, Department of
Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston, Massachusetts (Manson, Okereke);
Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania (Reynolds).

JAMA Network Open | Psychiatry Association of Race and Ethnicity With Late-Life Depression

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 11/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.1606&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
mailto:olivia.okereke@mgh.harvard.edu


Author Contributions: Dr Okereke had full access to all of the data in the study and takes responsibility for the
integrity of the data and the accuracy of the data analysis.

Concept and design: Donneyong, Mischoulon, Reynolds, Okereke.

Acquisition, analysis, or interpretation of data: Vyas, Chang, Gibson, Cook, Manson, Reynolds, Okereke.

Drafting of the manuscript: Vyas, Donneyong, Reynolds, Okereke.

Critical revision of the manuscript for important intellectual content: Vyas, Mischoulon, Chang, Gibson, Cook,
Manson, Reynolds, Okereke.

Statistical analysis: Vyas, Donneyong, Cook, Okereke.

Obtained funding: Okereke.

Administrative, technical, or material support: Vyas, Gibson, Manson.

Supervision: Donneyong, Manson, Reynolds, Okereke.

Conflict of Interest Disclosures: Dr Mischoulon reported receiving nonfinancial support from Nordic Naturals;
serving as an unpaid consultant to Pharmavite and Gnosis; receiving speaking honoraria from Massachusetts
General Hospital Psychiatry Academy, Blackmores, Harvard Blog, and Peerpoint Medical Education Institute; and
receiving book royalties from Lippincott, Williams, and Wilkins outside the submitted work. Dr Manson reported
receiving grants from the National Institutes of Health during the conduct of the study and outside the submitted
work. Dr Okereke reported receiving grants from the National Institutes of Health during the conduct of the study
and book royalties from Springer Publishing outside the submitted work. No other disclosures were reported.

Funding/Support: The VITAL-DEP study is supported by grants R01 MH091448 from the National Institute of
Mental Health. The VITAL study is supported by grants U01 CA138962 and R01 CA138962, which include support
from the National Cancer Institute; the National Heart, Lung, and Blood Institute; the Office of Dietary
Supplements; the National Institute of Neurological Disorders and Stroke; and the National Center for
Complementary and Integrative Health. The VITAL ancillary studies and Clinical Translational Science Center
component are supported by grants DK088078 and R01 DK088762 from the National Institute of Diabetes and
Digestive and Kidney Diseases; grants R01 HL101932 and R01 HL102122 from the National Heart, Lung, and Blood
Institute; grant R01 AG036755 from the National Institute on Aging; grants R01 AR059086 and R01 AR060574
from the National Institute of Arthritis and Musculoskeletal and Skin Diseases; and grant R01 MH091448 from the
National Institute of Mental Health. Dr Reynolds was also supported by grant P30 MH090333 from the National
Institute on Mental Health and the University of Pittsburgh Medical Center Endowment in Geriatric Psychiatry.
Pharmavite LLC and Pronova BioPharma donated the study agents (vitamin D and fish oil, respectively), matching
placebos, and packaging in the form of calendar packs.

Role of the Funder/Sponsor: The funders had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

Additional Contributions: We thank the 25 871 VITAL participants and the entire VITAL staff for their dedicated
and conscientious collaboration, with special appreciation for Alison Weinberg, MA, for assistance with the
VITAL-DEP ancillary study. She was compensated for her time.

REFERENCES
1. Ferrari AJ, Charlson FJ, Norman RE, et al. Burden of depressive disorders by country, sex, age, and year: findings
from the Global Burden of Disease Study 2010. PLoS Med. 2013;10(11):e1001547. doi:10.1371/journal.pmed.
1001547

2. Volkert J, Schulz H, Härter M, Wlodarczyk O, Andreas S. The prevalence of mental disorders in older people in
Western countries: a meta-analysis. Ageing Res Rev. 2013;12(1):339-353. doi:10.1016/j.arr.2012.09.004

3. Aziz R, Steffens DC. What are the causes of late-life depression? Psychiatr Clin North Am. 2013;36(4):497-516.
doi:10.1016/j.psc.2013.08.001

4. Beekman AT, Geerlings SW, Deeg DJ, et al. The natural history of late-life depression: a 6-year prospective study
in the community. Arch Gen Psychiatry. 2002;59(7):605-611. doi:10.1001/archpsyc.59.7.605

5. LaVeist TA. Beyond dummy variables and sample selection: what health services researchers ought to know
about race as a variable. Health Serv Res. 1994;29(1):1-16.

6. Chang SC, Pan A, Kawachi I, Okereke OI. Risk factors for late-life depression: a prospective cohort study among
older women. Prev Med. 2016;91:144-151. doi:10.1016/j.ypmed.2016.08.014

7. Pickett YR, Bazelais KN, Bruce ML. Late-life depression in older African Americans: a comprehensive review of
epidemiological and clinical data. Int J Geriatr Psychiatry. 2013;28(9):903-913. doi:10.1002/gps.3908

JAMA Network Open | Psychiatry Association of Race and Ethnicity With Late-Life Depression

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 12/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://dx.doi.org/10.1371/journal.pmed.1001547
https://dx.doi.org/10.1371/journal.pmed.1001547
https://dx.doi.org/10.1016/j.arr.2012.09.004
https://dx.doi.org/10.1016/j.psc.2013.08.001
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.59.7.605&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://www.ncbi.nlm.nih.gov/pubmed/8163376
https://dx.doi.org/10.1016/j.ypmed.2016.08.014
https://dx.doi.org/10.1002/gps.3908


8. Braveman PA, Cubbin C, Egerter S, Williams DR, Pamuk E. Socioeconomic disparities in health in the United
States: what the patterns tell us. Am J Public Health. 2010;100(suppl 1):S186-S196. doi:10.2105/AJPH.2009.
166082

9. US Department of Health and Human Services. Mental Health: Culture, Race, and Ethnicity—A Supplement to
Mental Health: A Report of the Surgeon General. US Department of Health and Human Services, Substance Abuse
and Mental Health Services Administration, Center for Mental Health Services; 2001.

10. Simon GE, Coleman KJ, Waitzfelder BE, et al. Adjusting antidepressant quality measures for race and ethnicity.
JAMA Psychiatry. 2015;72(10):1055-1056. doi:10.1001/jamapsychiatry.2015.1437

11. Snowden LR, Thomas K. Medicaid and African American outpatient mental health treatment. Ment Health Serv
Res. 2000;2(2):115-120. doi:10.1023/A:1010161222515

12. Substance Abuse and Mental Health Services Administration. Racial/ethnic differences in mental health service
use among adults. Accessed February 13, 2020. https://www.integration.samhsa.gov/
MHServicesUseAmongAdults.pdf

13. Neighbors HW, Woodward AT, Bullard KM, Ford BC, Taylor RJ, Jackson JS. Mental health service use among
older African Americans: the National Survey of American Life. Am J Geriatr Psychiatry. 2008;16(12):948-956.
doi:10.1097/JGP.0b013e318187ddd3

14. Barry LC, Thorpe RJ Jr, Penninx BW, et al. Race-related differences in depression onset and recovery in older
persons over time: the health, aging, and body composition study. Am J Geriatr Psychiatry. 2014;22(7):682-691.
doi:10.1016/j.jagp.2013.09.001

15. Skarupski KA, Mendes de Leon CF, Bienias JL, et al. Black-white differences in depressive symptoms among
older adults over time. J Gerontol B Psychol Sci Soc Sci. 2005;60(3):136-142. doi:10.1093/geronb/60.3.P136

16. Xiao Xu, Liang J, Bennett JM, Quiñones AR, Wen Ye. Ethnic differences in the dynamics of depressive
symptoms in middle-aged and older Americans. J Aging Health. 2010;22(5):631-652. doi:10.1177/
0898264310370851

17. Jimenez DE, Alegría M, Chen CN, Chan D, Laderman M. Prevalence of psychiatric illnesses in older ethnic
minority adults. J Am Geriatr Soc. 2010;58(2):256-264. doi:10.1111/j.1532-5415.2009.02685.x

18. Williams DR, González HM, Neighbors H, et al. Prevalence and distribution of major depressive disorder in
African Americans, Caribbean blacks, and non-Hispanic whites: results from the National Survey of American Life.
Arch Gen Psychiatry. 2007;64(3):305-315. doi:10.1001/archpsyc.64.3.305

19. Mathers CD, Loncar D. Projections of global mortality and burden of disease from 2002 to 2030. PLoS Med.
2006;3(11):e442. doi:10.1371/journal.pmed.0030442

20. Egede LE. Major depression in individuals with chronic medical disorders: prevalence, correlates and
association with health resource utilization, lost productivity and functional disability. Gen Hosp Psychiatry. 2007;
29(5):409-416. doi:10.1016/j.genhosppsych.2007.06.002

21. Yaffe K, Hoang TD, Byers AL, Barnes DE, Friedl KE. Lifestyle and health-related risk factors and risk of cognitive
aging among older veterans. Alzheimers Dement. 2014;10(3)(suppl):S111-S121. doi:10.1016/j.jalz.2014.04.010

22. Katon W, Pedersen HS, Ribe AR, et al. Effect of depression and diabetes mellitus on the risk for dementia:
a national population-based cohort study. JAMA Psychiatry. 2015;72(6):612-619. doi:10.1001/jamapsychiatry.
2015.0082

23. Gallo JJ, Anthony JC, Muthén BO. Age differences in the symptoms of depression: a latent trait analysis.
J Gerontol. 1994;49(6):251-264. doi:10.1093/geronj/49.6.P251

24. Christensen H, Jorm AF, Mackinnon AJ, et al. Age differences in depression and anxiety symptoms: a structural
equation modelling analysis of data from a general population sample. Psychol Med. 1999;29(2):325-339. doi:10.
1017/S0033291798008150

25. Okereke OI, Reynolds CF III, Mischoulon D, et al. The VITamin D and OmegA-3 TriaL-Depression Endpoint
Prevention (VITAL-DEP): rationale and design of a large-scale ancillary study evaluating vitamin D and marine
omega-3 fatty acid supplements for prevention of late-life depression. Contemp Clin Trials. 2018;68:133-145. doi:
10.1016/j.cct.2018.02.017

26. Manson JE, Bassuk SS, Lee IM, et al. The VITamin D and OmegA-3 TriaL (VITAL): rationale and design of a large
randomized controlled trial of vitamin D and marine omega-3 fatty acid supplements for the primary prevention
of cancer and cardiovascular disease. Contemp Clin Trials. 2012;33(1):159-171. doi:10.1016/j.cct.2011.09.009

27. Manson JE, Cook NR, Lee IM, et al; VITAL Research Group. Marine n-3 Fatty Acids and Prevention of
Cardiovascular Disease and Cancer. N Engl J Med. 2019;380(1):23-32. doi:10.1056/NEJMoa1811403

28. Manson JE, Cook NR, Lee IM, et al; VITAL Research Group. Vitamin D supplements and prevention of cancer
and cardiovascular disease. N Engl J Med. 2019;380(1):33-44. doi:10.1056/NEJMoa1809944

JAMA Network Open | Psychiatry Association of Race and Ethnicity With Late-Life Depression

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 13/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://dx.doi.org/10.2105/AJPH.2009.166082
https://dx.doi.org/10.2105/AJPH.2009.166082
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2015.1437&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://dx.doi.org/10.1023/A:1010161222515
https://www.integration.samhsa.gov/MHServicesUseAmongAdults.pdf
https://www.integration.samhsa.gov/MHServicesUseAmongAdults.pdf
https://dx.doi.org/10.1097/JGP.0b013e318187ddd3
https://dx.doi.org/10.1016/j.jagp.2013.09.001
https://dx.doi.org/10.1093/geronb/60.3.P136
https://dx.doi.org/10.1177/0898264310370851
https://dx.doi.org/10.1177/0898264310370851
https://dx.doi.org/10.1111/j.1532-5415.2009.02685.x
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.64.3.305&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://dx.doi.org/10.1371/journal.pmed.0030442
https://dx.doi.org/10.1016/j.genhosppsych.2007.06.002
https://dx.doi.org/10.1016/j.jalz.2014.04.010
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2015.0082&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapsychiatry.2015.0082&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://dx.doi.org/10.1093/geronj/49.6.P251
https://dx.doi.org/10.1017/S0033291798008150
https://dx.doi.org/10.1017/S0033291798008150
https://dx.doi.org/10.1016/j.cct.2018.02.017
https://dx.doi.org/10.1016/j.cct.2011.09.009
https://dx.doi.org/10.1056/NEJMoa1811403
https://dx.doi.org/10.1056/NEJMoa1809944


29. Pan A, Okereke OI, Sun Q, et al. Depression and incident stroke in women. Stroke. 2011;42(10):2770-2775.
doi:10.1161/STROKEAHA.111.617043

30. Smit F, Ederveen A, Cuijpers P, Deeg D, Beekman A. Opportunities for cost-effective prevention of late-life
depression: an epidemiological approach. Arch Gen Psychiatry. 2006;63(3):290-296. doi:10.1001/archpsyc.
63.3.290

31. van’t Veer-Tazelaar PJ, van Marwijk HW, van Oppen P, et al. Stepped-care prevention of anxiety and depression
in late life: a randomized controlled trial. Arch Gen Psychiatry. 2009;66(3):297-304. doi:10.1001/
archgenpsychiatry.2008.555

32. Luijendijk HJ, van den Berg JF, Dekker MJ, et al. Incidence and recurrence of late-life depression. Arch Gen
Psychiatry. 2008;65(12):1394-1401. doi:10.1001/archpsyc.65.12.1394

33. Kroenke K, Strine TW, Spitzer RL, Williams JB, Berry JT, Mokdad AH. The PHQ-8 as a measure of current
depression in the general population. J Affect Disord. 2009;114(1-3):163-173. doi:10.1016/j.jad.2008.06.026

34. McGuire LC, Strine TW, Allen RS, Anderson LA, Mokdad AH. The Patient Health Questionnaire 8: current
depressive symptoms among U.S. older adults, 2006 Behavioral Risk Factor Surveillance System. Am J Geriatr
Psychiatry. 2009;17(4):324-334. doi:10.1097/JGP.0b013e3181953bae

35. Lichtman JH, Bigger JT Jr, Blumenthal JA, et al; American Heart Association Prevention Committee of the
Council on Cardiovascular Nursing; American Heart Association Council on Clinical Cardiology; American Heart
Association Council on Epidemiology and Prevention; American Heart Association Interdisciplinary Council on
Quality of Care and Outcomes Research; American Psychiatric Association. Depression and coronary heart disease:
recommendations for screening, referral, and treatment: a science advisory from the American Heart Association
Prevention Committee of the Council on Cardiovascular Nursing, Council on Clinical Cardiology, Council on
Epidemiology and Prevention, and Interdisciplinary Council on Quality of Care and Outcomes Research: endorsed
by the American Psychiatric Association. Circulation. 2008;118(17):1768-1775. doi:10.1161/CIRCULATIONAHA.108.
190769

36. Poongothai S, Pradeepa R, Ganesan A, Mohan V. Reliability and validity of a modified PHQ-9 item inventory
(PHQ-12) as a screening instrument for assessing depression in Asian Indians (CURES-65). J Assoc Physicians India.
2009;57:147-152.

37. Diez-Quevedo C, Rangil T, Sanchez-Planell L, Kroenke K, Spitzer RL. Validation and utility of the patient health
questionnaire in diagnosing mental disorders in 1003 general hospital Spanish inpatients. Psychosom Med. 2001;
63(4):679-686. doi:10.1097/00006842-200107000-00021

38. Yeung A, Fung F, Yu SC, et al. Validation of the Patient Health Questionnaire-9 for depression screening among
Chinese Americans. Compr Psychiatry. 2008;49(2):211-217. doi:10.1016/j.comppsych.2006.06.002

39. Moghimbeigi A, Eshraghian MR, Mohammad K, McArdle B. Multilevel zero-inflated negative binomial
regression modeling for over-dispersed count data with extra zeros. J Appl Stat. 2008;35(10):1193-1202. doi:10.
1080/02664760802273203

40. Xu T, Zhu G, Han S. Study of depression influencing factors with zero-inflated regression models in a large-
scale population survey. BMJ Open. 2017;7(11):e016471. doi:10.1136/bmjopen-2017-016471

41. Williams ED, Tillin T, Richards M, et al. Depressive symptoms are doubled in older British South Asian and Black
Caribbean people compared with Europeans: associations with excess co-morbidity and socioeconomic
disadvantage. Psychol Med. 2015;45(9):1861-1871. doi:10.1017/S0033291714002967

42. Akincigil A, Olfson M, Siegel M, Zurlo KA, Walkup JT, Crystal S. Racial and ethnic disparities in depression care
in community-dwelling elderly in the United States. Am J Public Health. 2012;102(2):319-328. doi:10.2105/AJPH.
2011.300349

43. Pratt LA, Brody DJ, Gu Q. Antidepressant use among persons aged 12 and over: United States,2011-2014.
NCHS Data Brief. 2017;(283):1-8.

44. Heo M, Murphy CF, Fontaine KR, Bruce ML, Alexopoulos GS. Population projection of US adults with lifetime
experience of depressive disorder by age and sex from year 2005 to 2050. Int J Geriatr Psychiatry. 2008;23(12):
1266-1270. doi:10.1002/gps.2061

45. Alexopoulos GS. Depression in the elderly. Lancet. 2005;365(9475):1961-1970. doi:10.1016/S0140-6736(05)
66665-2

46. Areán PA, Ayalon L, Hunkeler E, et al; IMPACT Investigators. Improving depression care for older, minority
patients in primary care. Med Care. 2005;43(4):381-390. doi:10.1097/01.mlr.0000156852.09920.b1

47. Hall CA, Simon KM, Lenze EJ, et al. Depression remission rates among older black and white adults: analyses
from the IRL-GREY Trial. Psychiatr Serv. 2015;66(12):1303-1311. doi:10.1176/appi.ps.201400480

JAMA Network Open | Psychiatry Association of Race and Ethnicity With Late-Life Depression

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 14/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://dx.doi.org/10.1161/STROKEAHA.111.617043
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.63.3.290&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.63.3.290&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archgenpsychiatry.2008.555&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archgenpsychiatry.2008.555&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://jama.jamanetwork.com/article.aspx?doi=10.1001/archpsyc.65.12.1394&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.1606
https://dx.doi.org/10.1016/j.jad.2008.06.026
https://dx.doi.org/10.1097/JGP.0b013e3181953bae
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.190769
https://dx.doi.org/10.1161/CIRCULATIONAHA.108.190769
https://www.ncbi.nlm.nih.gov/pubmed/19582982
https://www.ncbi.nlm.nih.gov/pubmed/19582982
https://dx.doi.org/10.1097/00006842-200107000-00021
https://dx.doi.org/10.1016/j.comppsych.2006.06.002
https://dx.doi.org/10.1080/02664760802273203
https://dx.doi.org/10.1080/02664760802273203
https://dx.doi.org/10.1136/bmjopen-2017-016471
https://dx.doi.org/10.1017/S0033291714002967
https://dx.doi.org/10.2105/AJPH.2011.300349
https://dx.doi.org/10.2105/AJPH.2011.300349
https://www.ncbi.nlm.nih.gov/pubmed/29155679
https://dx.doi.org/10.1002/gps.2061
https://dx.doi.org/10.1016/S0140-6736(05)66665-2
https://dx.doi.org/10.1016/S0140-6736(05)66665-2
https://dx.doi.org/10.1097/01.mlr.0000156852.09920.b1
https://dx.doi.org/10.1176/appi.ps.201400480


48. Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention, intervention, and care. Lancet. 2017;390
(10113):2673-2734. doi:10.1016/S0140-6736(17)31363-6

49. Gallo JJ, Morales KH, Bogner HR, et al. Long term effect of depression care management on mortality in older
adults: follow-up of cluster randomized clinical trial in primary care. BMJ. 2013;346:f2570. doi:10.1136/bmj.f2570

50. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression severity measure. J Gen Intern
Med. 2001;16(9):606-613. doi:10.1046/j.1525-1497.2001.016009606.x

51. Kroenke K, Spitzer RL, Williams JB, Löwe B. The Patient Health Questionnaire Somatic, Anxiety, and Depressive
Symptom Scales: a systematic review. Gen Hosp Psychiatry. 2010;32(4):345-359. doi:10.1016/j.genhosppsych.
2010.03.006

52. Martin A, Rief W, Klaiberg A, Braehler E. Validity of the Brief Patient Health Questionnaire Mood Scale (PHQ-9)
in the general population. Gen Hosp Psychiatry. 2006;28(1):71-77. doi:10.1016/j.genhosppsych.2005.07.003

SUPPLEMENT.
eTable 1. Baseline Demographic, Lifestyle, Behavioral, Health, and Depression Characteristics of Study Cohort by
Severity of Depression Symptoms
eTable 2. Regression Coefficients From the Fully Adjusted Zero-Inflated Negative Binomial Model, With Rate
Ratios of Depression Symptom Counts (Negative Binomial Portion) and Odds Ratios of Zeroes (Zero-Inflated
Portion) on the PHQ-8, for the Associations of Race/Ethnicity and Model Covariates
eFigure. Flow Chart of Study Participants
eReferences.

JAMA Network Open | Psychiatry Association of Race and Ethnicity With Late-Life Depression

JAMA Network Open. 2020;3(3):e201606. doi:10.1001/jamanetworkopen.2020.1606 (Reprinted) March 26, 2020 15/15

Downloaded From: https://jamanetwork.com/ on 03/27/2020

https://dx.doi.org/10.1016/S0140-6736(17)31363-6
https://dx.doi.org/10.1136/bmj.f2570
https://dx.doi.org/10.1046/j.1525-1497.2001.016009606.x
https://dx.doi.org/10.1016/j.genhosppsych.2010.03.006
https://dx.doi.org/10.1016/j.genhosppsych.2010.03.006
https://dx.doi.org/10.1016/j.genhosppsych.2005.07.003

