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Extended Methods
Depressive symptom score

The Center for Epidemiologic Studies Depression scale (CES-D) was developed by the Center for
Epidemiologic Studies for use in general population surveys (Comstock & Helsing 1976; Radloff 1977).
The CES-D has an excellent internal consistency (Cronbach’s alpha = 0.90) (Radloff 1977), and is
designed to assess depressive symptoms at a specific period in time (over the past week). Large
epidemiologic studies frequently assess depressive symptoms using the CES-D rather than depression as a
diagnosis. Depressive symptoms are associated with and predict major depression, with sensitivity and
specificity reported anywhere in the range of 64%-90% and 70%-93% respectively when using a cutoff of
16 (Boyd et al. 1982; Roberts & Vernon 1983; Breslau 1985; Beekman et al. 1997), but the investigation
of depressive symptoms as a continuous trait is of interest per se. Few genetic association studies
currently exist using a continuous measure of depressive symptoms. The outcome measure for this
analysis is a sum of the 20 items, ranging from 0O to 60. If more than 5 items were missing, the CES-D
score was not calculated. If 1-5 items were missing, the scores were summed for completed items,
dividing the sum by the number of questions answered and then multiplying by 20. There were 5,178
participants with three measures of CES-D, 507 with two measures, and 650 with only baseline CES-D
measures, for a total of 6,335 participants with 17,198 observations. The CES-D scores were log-

transformed to improve normality.



Anti-depressant use was defined as taking any or multiple of the following medications: Selective
Serotonin Reuptake Inhibitors (SSRIs), Monoamine Oxidase Inhibitor (MAOI), Tricyclic anti-depressant,
and/or Non-tricyclic anti-depressant other than MAOI. Anti-depressant use was assessed at each exam
and corrected CES-D scores were estimated for each exam. A total of 7.6%, 7.9% and 8.1% of persons
were on anti-depressant medications at exams 1, 3 and 4, respectively. We corrected for anti-depressant
use with methods previously described (Hek et al. 2013). Briefly, assuming that the depression score is
lower in treated than in untreated participants, and that participants with high depression scores, on
average, respond less to their medication than persons with lower depression scores, we used a
nonparametric imputation algorithm to adjust for the treatment effect. Separately for men and women and
within each ethnicity separately, we replaced CES-D score for a person using anti-depressants with the
mean depressive symptom score of all persons using anti-depressants with greater or equal CES-D scores.
This method is based on an algorithm previously used to adjust blood pressure for persons on
antihypertensive medication (Levy et al. 2000). We chose not to exclude participants taking anti-
depressant medication as they often are individuals with depression or higher depressive symptom scores
and thus add value to genetic studies. To improve normality of the outcomes, averaged measures CES-D

(adding one point to all values) were log-transformed after adjustment for anti-depressant use.

Covariates

Age, sex, and study site were assessed at the MESA baseline exam. There were a total of 6,335
MESA participants included in the averaged depressive symptom GWAS and subsequent region-based
analyses (AA 25%, EA 40%, CA 12%, HA 23%) (Ware et al. 2015). Average age (standard deviation) for
the AA, EA, CA, and HA sub-samples was 62.2 (10.1), 62.6 (10.2), 61.4 (10.3), and 62.4 (10.4) years,
respectively. Slightly less than half of each ethnicity was male (AA 48.0%, EA 46.4%, HA 49.3%, CA
49.7%) (Ware et al. 2015). Ethnicity-specific principal components were used to adjust for population

stratification.



Adult socioeconomic position (ASEP) was included as an additional covariate to assess any
residual confounding over the adjustment for ancestry through the inclusion of principal components.
Since several measures of ASEP were available (measuring different dimensions of socioeconomic
position), indicators were summarized into an ASEP score. The methods are based on previous work and
combine information on income, education, and wealth (ownership of a home, car, land/property or
investments).(Pollitt et al. 2005; Lemelin et al. 2009) Income was defined in four categories (<$25,000,
$25,000-39,999, $40,000-74,999, or +$75,000). At the baseline examination, highest level of education
completed was reported and for these analyses operationalized into four categories (completed high
school or less, some college but no degree/technical school certificate, associate or bachelor’s degree, or
graduate/professional degree). The four wealth indexes included whether the participant: (1) had
investments such as stocks, bonds, mutual funds, retirement investments, or other investments (yes/no),
(2) owned their home (yes/no) (3) owned a car (yes/no) and (4) owned land or another property that was
not their primary residence (yes/no). To create the summary score for ASEP, the individual measures for
income, education and wealth were summed (income variable (0 — 3, low to high), education (0 — 3, low
to high), and for each affirmative wealth indicator, a single point was added). The ASEP score ranged

from 0 — 10, with higher scores indicating greater ASEP.

Environment

CB was measured at two exams in MESA (exams one and three) and is based off of the chronic
burden scale developed for the Healthy Women Study.(Bromberger & Matthews 1996) It is an index of
affirmative responses to five individual burdens including health (self and others), finances, employment,
and relationships that were ongoing for more than six months. Within each exam if a component score
was missing, the overall CB for that exam was set to missing. CB was averaged across the two exams for
each individual. If either exam was missing, CB was created from the existing measure. If both exams

were missing, CB was set to missing. CB was centered at the overall mean.



Emotional social support is available at exams one and three of MESA and is based on a scale
from the Enhancing Recovery in Coronary Heart Disease study.(Enrichd Investigators 2001) It is an index
rating six questions on a five-point Likert scale (1 = “none of the time” to 5 = “all of the time”). These
questions included asking if someone was available to listen, give advice, show love and affection, help
with daily chores, provide emotional support, and confide in. Within each exam if a component score was
missing, the overall SS for that exam was set to missing. If either exam was missing, SS was created from
the existing measure. If both exams were missing, SS was set to missing. SS was centered at the overall

mean.

Neighborhood social environment is summarized into a neighborhood index score (NIS)
composed of three dimensions: aesthetic quality (AQ), safety (SF), and social cohesion (SC) measured
with a 1-mile radius as the definition of neighborhood. The respondent’s own answer was not included in
the crude mean estimates for the neighborhood, allowing for more objective neighborhood measures than
using the MESA participant’s perception of neighborhood dimensions alone. The neighborhood level data
was linked to the participant’s addresses within a 1-mile buffer by matching each participant of the survey
within 1 mile based on the latitude/longitude of the address. Responses of “Don’t Know” or “Refused”
values were set to missing for each of the original variables in each of the surveys. Several questions were

reverse coded so that questions reflected better social outcomes with increasing scores.

If any one of the nine variables (AQ exam one, three, and four; SF exam one, three, and four; or
SC exam one, three, and four) was missing, then NIS was set to missing. The index score was then mean-
centered by the combined-ethnicity mean to aid interpretability. The index scores range from -1.30 to

0.95, with a mean of 0 and a standard deviation of 0.33 in the combined sample (AA, EA, CA, HA).

Region analyses



SKAT

SKAT assumes the following genetic main effect model:

_')_/i. =y + a'X,- + ﬂ,Gi + €,

where ;. is the log-transformed, averaged depressive symptom score corresponding to individual i
(i=1,...,n), ay is an intercept term, X; is a vector of non-genetic covariates (age, sex, study site, PC1 — 4,
and ASEP), G; = (g1, -, gip)' 1S @ vector of best-call genotypes (0 = no copies of the coded allele, 1 =
one copy of the coded allele, 2 = two copies of the coded allele). The coded allele is the same for all
ethnicities. Residual error ¢; follows a normal distribution with mean zero and variance o2. The vector of
regression coefficients for the covariates is represented by a, and B is a vector of regression coefficients
for the p observed genetic variants in the region. A primary assumption of SKAT is that each f;, j =1,
..., p follows an arbitrary distribution with mean zero and variance WjZT. The weights, w;, are specified

based on MAF. Testing H,: T = 0 is equivalent to testing Hy: B = 0. The SKAT test statistic is
Qskar = @ — D)'GWG' (Y — 1)

where i = ({1, ..., fi,)" is the estimated mean of y; = (¥;., ..., ¥»,.)" under the null model of no genetic

effects. The Qskar also can be written as

p
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where S; = 7, g;; (¥;- —f1;) is a score statistic of single variant j. The Qskar follows a mixture of chi-
squared distributions under the null hypotheses that can be evaluated explicitly and used as a reference
distribution to compute the p-values. Results with significant p-values indicate that there is at least one
non-zero f;in the region. Since this analysis is only concerned with the effects of common SNP variants,
not the effects of rare variants, the analysis is implemented without a MAF based weighting scheme,

which indicates that w; = 1 for all j=1, ..., p.



MetaSKAT

MetaSKAT allows for the meta-analysis of SNP set-level results across cohorts or, in this case,
ethnicities.(Lee et al. 2013) To allow for heterogeneity across ethnicities, MetaSKAT assumes effect sizes
of genetic variants in different ethnic groups are independent and follow a common distribution. Suppose
Sk; is a score statistic of the j" variant (=1, ..., p) in the k™ ethnic group (k=1, ..., K). The meta-analysis

SKAT test statistic with assuming the heterogeneous genetic effect is:

K
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where w,ﬁj is the ethnic-specific weight for variant j. Individual-level genotype data were used to

construct tests statistics.
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