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This article is discussed in an editorial by Drs. Schwartz and Susser (p. 741).

(Am J Psychiatry 2010; 167:854–865)

results using population-based and opportunistically as-
certained subsets of the control subjects (see reference 4).

For psychiatric genetic studies, the recruitment and 
assessment of control samples present several interest-
ing challenges, including representativeness (in relation 
to the general population and to the case sample), cost-
effectiveness, sample size, clinical screening approach 
(none, brief, full; Internet, telephone, in-person; question-
naire, interview), and selection stringency (no psychiatric 
diagnosis, specific exclusions, unselected) (see references 
5–7). We were particularly interested in providing a way 
to select control subjects for specific studies. For genetic 
studies of common disorders (including depression, anxi-
ety, and substance use), validity is enhanced when most 
individuals with the disorder under study can be excluded 
from the control group (4, 8), especially for prevalence 
≥20% and with only a modest benefit for prevalence ≤5%. 

The Molecular Genetics of Schizophrenia (MGS2) proj-
ect recruited an adult control sample for genetic research. 
We now provide the first complete description of the final 
sample, including clinical and demographic features in re-
lation to the U.S. population, ancestry, and quality control 
of genotypic data. We have previously reported on some of 
these issues for parts of the sample (1, 2).

During 2004–2007, a survey and marketing research 
company, Knowledge Networks (Menlo Park, Calif.), In-
ternet recruited self-identified non-Hispanic European-
ancestry and African American participants consenting to 
deposition of anonymized clinical data, a blood sample, 
and future genetic data in the National Institute of Men-
tal Health (NIMH) repository. We note that the Wellcome 
Trust Case Control Consortium (3) has successfully used 
a single control sample for studies of diverse medical 
and psychiatric disorders and that analyses gave similar 
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Objective: The Molecular Genetics of 
Schizophrenia (MGS2) project recruited 
an adult control sample of non-Hispanic 
European-ancestry (N=3,364) and African 
American (N=1,301) subjects.

Method: Subjects gave consent to de-
posit phenotypic data and blood samples 
into a repository for general research 
use, with full anonymization of the sam-
ple. The authors compared the control 
sample with population census data for 
demographic data and with previous 
population surveys for anthropometrics 
and prevalences of psychiatric disorders 
as estimated by an Internet-administered 
questionnaire.

Results: The full MGS2 control sample in-
cludes 4,665 subjects (European-ancestry: 
N=3,364; African American: N=1,301), of 
whom 3,626 were included in the MGS2 
genome-wide association study (GWAS). 
The sample is generally demographi-

cally representative of the U.S. popula-
tion, except for being older and more 
female, educated, and affluent, although 
all strata are represented. Self-reported 
ancestry was consistent with genotypic 
and census data. Lifetime prevalences 
for depressive, anxiety, and substance 
use diagnoses were higher than in previ-
ous population-based surveys, probably 
due to use of an abbreviated self-report 
instrument. However, patterns such as 
sex ratios, comorbidity, and demographic 
associations were consistent with previ-
ous reports. DNA quality for the Internet 
collected/evaluated control sample was 
comparable to that of the face-to-face 
case sample.

Conclusions: The Internet-based meth-
ods facilitated the rapid collection of 
large and anonymized non-Hispanic 
European-ancestry and African Ameri-
can control samples that have been vali-
dated as being generally representative 
for many aspects of demography, ances-
try, and morbidity. Utilization of clinical 
screening data shared with the scientific 
community may permit investigators 
to select appropriate controls for some 
studies.

The Internet-Based MGS2 Control Sample: Self Report of 
Mental Illness
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report (sometimes modified for lifetime assessments [e.g., see ref-
erence 17]) and telephone interviews and is accurate compared 
with a full CIDI (18, 19). We therefore asked control subjects to 
complete the CIDI–SF, modified to screen for lifetime diagnoses, 
and also included other questionnaire components assessing 
various traits and disorders summarized in Table 2.

Phlebotomy

Individuals who completed the questionnaire were then con-
tacted by Examination Management Services, Inc. (Irving, Tex.), 
to arrange blood specimen collection. The phlebotomist con-
firmed gender and race (European-ancestry or African American) 
and shipped the blood to the Rutgers University Cell and DNA Re-
pository (Piscataway, N.J.) for DNA extraction and transformation 
to lymphoblastic cell lines (99.5% success rate).

Diagnosis

We scored the dichotomous presence/absence of individual 
disorders according to the CIDI–SF (18) scoring memo (20). Most 
participants were past the typical ages of onset for the assessed 
psychiatric disorders (mean age: European-ancestry=50.0 years 
[SD=16.4]; African American=45.4 years [SD=13.1]) via DSM–IV 
(21). Dependence is assessed separately for alcohol, but the drug 
dependence section asks which substances have been used and 
then queries dependence criteria for “the year when you used one 
or more of these drugs on your own the most” rather than for each 
substance individually. CIDI–SF ignores several exclusion crite-
ria (e.g., whether a major depressive episode or anxiety disorder 
might have been due to a general medical condition or substance 
use). Omission of full exclusion criteria evaluation should lead to 
an increased number of these diagnoses (but see the discussion 
below of CIDI–SF dichotomous versus probabilistic methods and 
the disorder specific criteria discussions).

Ancestry

The questionnaire allowed controls to select ≥1 ancestry (race/
ethnicity) for each grandparent, from 15 categories (i.e., Figure 1 
x-axis labels, plus “other” with a text entry, or “not sure”) used in 
the NIMH Genetics Initiative’s Diagnostic Interview for Genetic 
Studies (22). The “proportion” of each ancestry was not queried. 
Most “other” entries were the name of a country that was part of 
a category that had already been selected (e.g., “France” when the 
category “West Europe” had already been reported). Therefore, 
we have not translated the “other” entries (<5% of the total) into 
the 15 categories for the present analysis.

Quality Control of  Genotypic Data

Initially, we genotyped 14 schizophrenia candidate genes in 
2,126 European-ancestry control and 1,952 European-ancestry 
case individuals (1). Extensive sample quality control (evaluating 
genotyping call rates, sex typing discrepancies, cryptic duplicates 
or relatives, and outliers in an analysis of ancestry-informative 
markers) left 2,002 (94%) control and 1,870 (96%) case samples 
remaining for analysis (i.e., very similar proportions). Control 
samples had more unresolved sex-typing discrepancies (23 ver-
sus two; c2=14.45, df=1, p=0.00014), which required excluding 
these controls because the anonymization procedure prevented 
further investigation. Conversely, more case samples were ex-
cluded because they were outliers to the main European-ancestry 
and African American distributions in analyses of ancestry-infor-
mative markers (63 versus 35; c2=10.18, df=1, p=0.0014), perhaps 
because controls gave more accurate self-reports and were asked 
for more detailed information (i.e., ancestry of each grandparent 
rather than each parent).

Next, for a schizophrenia GWAS (2), we genotyped 3,827 (Eu-
ropean-ancestry: N=2,817; African American: N=1,010) of the 
4,665 collected control samples and 4,196 (European-ancestry: 

For a rarer disorder like schizophrenia, power is essentially 
unchanged if 1%–2% of control subjects have or develop 
the disorder (4). We therefore designed an online assess-
ment to collect information relevant to subject selection. 
Since the selection of appropriate controls is in large part 
dependent on the source population of the cases of a par-
ticular association study, we cannot provide a universal 
algorithm, but do note that the idea is to draw from the 
same source population and independently of exposure 
status (marker genotype) (9, 10).

Method

Ascertainment

Knowledge Networks enrolled a total of 4,665 adults (18 years 
or older), 3,364 individuals of non-Hispanic European ancestry 
and 1,301 individuals of African American ethnicity. All European-
ancestry and 529 African American control subjects were re-
cruited from Knowledge Networks’ nationwide panel of survey 
participants, which is recruited continuously by random digit 
dialing (11, 12) and resembles the population distribution in age, 
race, Hispanicity, region, employment, marital status, and other 
demographic features (Table 1 [also see Table S4 in reference 1]). 
An additional 772 African American controls were recruited by 
subcontract to Survey Sampling International (Shelton, Conn.), 
using Internet recruitment (banner ads on websites). Table 1 
(ST1) in the data supplement accompanying the online version 
of this article lists the completion rate for the various stages of the 
study, from invitation to procedure completion. Of the targeted 
panel members, 15.5% (African American) to 21.7% (European-
ancestry) of individuals consented and completed the online 
questionnaire and gave blood—for comparison, a population-
based study requiring blood that used significantly more enroll-
ment effort (two letters and three telephone contacts) achieved 
a 31% rate (13). Survey Sampling International completed 2.1% 
of targeted controls, but this was needed to achieve an adequate 
African American sample size.

Informed Consent

Institutional review board approval was obtained at North-
Shore University HealthSystem. Participants consented online to 
use of their DNA and phenotypic information for the study of any 
illness or trait and then signed an identical hard-copy consent at 
the time of venipuncture. While it is possible to identify a subject 
in an anonymized data set with extensive genotypic data, such 
as this data set, if one also had access to a large number of geno-
types and to subjects’ identities in a second data set (14), there 
is no known such anonymity violation to date for any genetic 
study. For genotypic data, NIMH restricts access to qualified in-
vestigators and institutions who agree to the National Institutes 
of Health Genome-Wide Association Studies (GWAS) data shar-
ing policies (grants.nih.gov/grants/gwas/), which prohibit any 
attempt to identify individual research subjects or even their 
presence in a sample.

Assessment

All participants completed an online self-report clinical assess-
ment (nimhgenetics.org, Available Data → Controls → Control 
Questionnaire), with most items screening for common adult 
psychiatric disorders. The validated assessment tool in large-
scale epidemiological studies of these disorders of widest use is 
the Composite International Diagnostic Interview (CIDI) (15, 16). 
The CIDI was developed for direct interviews, but an abbreviated 
version, the CIDI–Short Form (CIDI–SF), has been used for self-
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notypes [dbgap.ncbi.nlm.nih.gov], Study Accessions: phs000021.
v2.p1 and phs000167.v1.p1), with 177 research projects already 
(December 7, 2009) granted access. Multiple investigators have 
also accessed DNA and/or phenotypic data through the NIMH 
repository, beginning during the recruitment period when these 
materials were made available in batches twice yearly.

Results

Questionnaire Completion

The questionnaire includes 69 mandatory or screen-
ing items, 45 disease-related and 24 for personality traits. 
We defined several sets of response-rate outliers for these 

N=2,838 ; African American: N=1,358) case samples with the Af-
fymetrix 6.0 array; 3,626 (95%) control and 3,967 (95%) case sam-
ples passed stringent quality control (see Table 2 [ST2] in the data 
supplement). Thus, the control and case collections were similar 
in the quality of DNA and the consistency of genotypes with avail-
able phenotypic information.

Sharing of  Biomaterials and Data

These materials are available to qualified scientists applying to 
NIMH, and overlapping subsets of the MGS2 control sample have 
been genotyped by multiple platforms: Affymetrix 6.0 (2), Affyme-
trix 500K (23), and Illumina HumanHap550 (24). Genotypes and 
phenotypic data for controls used in the MGS2 GWAS are avail-
able by application to dbGaP (database of Genotypes and Phe-

TABLE 1. Demographic Characteristics of European-Ancestry and African American Control Sample Relative to the U.S. 
Adult Populationa

Variable and Category

All Control Subjects
African American Control Subjects 

by Source U.S. Population

European-
Ancestry 

(N=3,364)

African 
American 
(N=1,301)

Knowledge  
Networks 
(N=529)

Survey Sampling 
International 

(N=772)
European-
Ancestry

African 
American

Gender
Male 46.9 39.5 33.6b 43.5 47.9 42.1
Female 53.1 60.5 66.4b 56.5 52.1 57.9

Age (years)
18–24 5.0 b 5.7 b 5.7 b 5.7 b 10.3 13.2
25–34 14.9 17.5 17.8 17.4 15.6 18.2
35–44 20.4 22.4 20.0 24.0 20.0 21.1
45–54 19.8 30.7 b 30.1 b 31.1 b 20.7 20.3
55–64 18.1 b 16.8 b 17.0 b 16.7 b 14.8 13.0
≥65 21.8 b 6.9 b 9.5 b 5.2 b 18.7 14.2

Employment status
In the labor force 57.1 b 59.3 55.6 61.8 65.0 58.3
Not in the labor force 42.9 b 40.7 44.4 38.2 35.0 41.7

Marital status
Married 62.7 N/A 39.3 N/A 61.6 39.0
Not married 37.3 N/A 60.7 N/A 38.4 61.0

Level of education
<High school diploma 7.9 b 4.0 b 6.8 b 2.1 b 10.4 20.0
High school diploma or equivalent 27.2 b 15.8 b 18.5 b 13.9 b 33.2 36.1
Some college 22.9 b 39.7 b 37.2 b 41.5 b 19.6 20.3
Associate degree 7.6 b 11.8 b 11.7 b 11.8 b 8.7 7.5
≥Bachelor’s degree 34.3 b 28.7 b 25.7 b 30.7 b 28.1 16.1

Household income
<$10,000 5.3 b 10.4 b 13.6 b 8.2 b 6.6 17.8
$10,000–$24,999 17.1 23.0 25.9 21.0 b 18.2 25.8
$25,000–$49,999 33.1 32.4 28.7 34.8 34.0 31.9
$50,000–$74,999 23.8 b 17.1 17.2 17.1 25.6 16.3
≥$75,000 20.7 b 16.1 b 14.6 b 17.2 15.6 8.1

Census region
Northeast 18.3 b 16.1 15.7 16.3 23.9 17.5
Midwest 27.1 25.4 b 25.0 b 25.6 b 27.9 19.0
South 36.8 b 52.3 51.6 52.7 26.6 54.6
West 17.9 b 6.3 b 7.8 5.3 b 21.6 8.9

a Values represent percentages of the control sample or subgroup or of the general population in each category for each variable, and data 
indicate self-identified European-ancestry and African American control subjects with blood data from complete collection (marital status 
not provided from Survey Sampling International, Inc.). The Knowledge Networks adult panel makeup data from January 2004 and adult 
U.S. Population data from the Current Population Survey in November 2003 (25) had previously been shown to match well (1). November 
2003 Current Population Survey data presented is restricted to non-Hispanic adults listing white-only or black-only for race in the survey.

b Values indicate differences in the control sample data (p<0.05 based on chi-square comparison of counts in the respective categories) rela-
tive to the U.S. population data for European-ancestry or African American control subjects, as appropriate, with data in bold indicating a 
value lower than the U.S. population data.
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jects) versus those with any missing data (see Figures SF1 
and SF2 in the data supplement). Data for all subjects (ig-
noring missing data) are shown in Figure 1. For European-
ancestry subjects, 83% of ancestry was reported as Anglo 
Saxon (i.e., British Isles), Northern European (e.g., Norwe-
gian), or West European (e.g., French, German), with the 
remaining entries distributed across other European as 
well as Native American ancestries (Figure 1). Our Euro-
pean-ancestry control sample and the U.S. Census show 
similar distributions of subcontinental European ances-
tries (see Figure SF3 in the data supplement).

For African American subjects, 75% of ancestry was re-
ported as African American and 15% as Native American, 
and most of the rest as European (Figure 1). Genotypic 
data suggest that Native American ancestry was overre-
ported for both African American and European-ancestry 
subjects (see SF3 in reference 2, which shows that few sub-
jects had the elevated “Asian” ancestry scores that are ob-
served for Native Americans). Reasons for overreporting of 
Native American ancestry have been discussed previously 
(26). Among African American subjects, 42% reported that 
all four grandparents were only African American. The 
proportion of European-ancestry admixture in the African 
American sample is captured more accurately by geno-
typic data, and our sample (see SF3 in reference 2) looks 
similar to other African American samples (27–29).

Most European-ancestry subjects (73%) reported mul-
tiple ancestries and/or had some missing data, but some 
reported four grandparents of the same ancestry (e.g., 
15% with all Anglo Saxon and 7% with all Western Euro-
pean ancestry). Ancestry-informative principle compo-
nent scores computed from our GWAS data demonstrated 
the accuracy of these self-reported data, given that the 
scores produced distinct clusters of individuals with sin-
gle ancestries (see SF6 in reference 2), with two compo-
nents predicting North-South and East-West geographical 
origins respectively and another component predicting 
Ashkenazi Jewish ancestry. These scores were used in our 
GWAS analyses to exclude outliers and to correct associa-
tion tests for case-control ancestry differences (2).

items: 0.5% answered “yes” to ≥50 items, 0.5% did not 
answer ≥5 items, and 0.4% had software failures (≥1 item 
unasked). Users of this control sample may choose to re-
move these rare questionnaire completion outliers, as we 
did for MGS2; the current analyses utilize the full control 
sample.

Demographic Comparability

Table 1 compares demographic data for the control sam-
ples (European-ancestry, African American–Knowledge 
Networks, and African American–Survey Sampling Inter-
national) with the November 2003 U.S. Current Population 
Survey (25) for non-Hispanic adults reporting a single race 
(white or black). Differences between the control samples 
and the Current Population Survey include the following: 
more women in the African American–Knowledge Net-
works subsample; older mean age for subjects of Euro-
pean-ancestry (mean age for control samples=50.0 years 
[SD=16.4] versus 47.5 years [SD=17.1] for Current Popula-
tion Survey, t test: p<0.0001); fewer employed European-
ancestry subjects, perhaps reflecting older age (mean age 
for European-ancestry employed subjects was 43.8 years 
[SD=12.9] versus 58.1 years [SD=17.1] for nonworkers, t 
test: p<0.0001); European-ancestry and particularly Afri-
can American control subjects were more educated; more 
European-ancestry subjects were in the highest income 
bracket, and more African American subjects (especially 
African American–Survey Sampling International) were in 
several upper brackets; more European-ancestry subjects 
were from the South and fewer from the Northeast and 
West, while more African American subjects were from 
the Midwest.

Ancestry

Numerical data for ≥2 grandparents were reported by 
87% of subjects of European ancestry and 96% of African 
American subjects, with “not sure” for most of the remain-
ing grandparents. Counting each entry as an equal pro-
portion for each grandparent, ancestry was distributed 
similarly in subjects with data for four grandparents (69% 
of European-ancestry and 80% of African American sub-

TABLE 2. Summary of Online Self-Reporta

Phenotype Measure

Common psychiatric disorders Composite International Diagnostic Interview–Short Forma (18), assessing major depression, general-
ized anxiety, specific phobia, panic attack, agoraphobia, social phobia, obsessive-compulsive disorder, 
alcohol dependence, and drug dependence.

Psychotic and bipolar disorders Three items inquiring about lifetime diagnosis of, or treatment for, schizophrenia or schizoaffective 
disorder, psychotic symptoms, or bipolar disorder.

Nicotine dependence Screening items for nicotine dependence, including all items for generating a Fagerström Test for  
Nicotine Dependence (38) score.

Personality 12-item Eysenck Personality Questionnaire Brief Version neuroticism and extraversion scales (39)
Anthropometrics Current height and weight; highest lifetime weight outside of pregnancy.
Sexual identity Single item.
Ancestry Selection of all applicable ancestries (race/ethnicity) for each grandparent.
Demographics Previously collected by Knowledge Networks and Survey Sampling International (confer with Table 1).
a The modified questionnaire (Composite International Diagnostic Interview–Short Form was originally developed to assess disorders for the 

past 12 months [18]) allowed estimation of the lifetime percentages (uncorrected for age of risk of onset) of the above psychiatric diagnoses 
via DSM–IV (21), with some limitations (chiefly due to questionnaire time/cost and complexity constraints).
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example, at least one anxiety disorder diagnosis (other 
than obsessive-compulsive disorder [OCD]) was assigned 
in 40.6% of European-ancestry and 42.9% of African 
American–Knowledge Networks subjects versus 24.9% in 
the National Comorbidity Survey (31).

An alternative CIDI–SF scoring system assigns a prob-
ability of caseness to each subject (36), which can be 
summed across subjects to estimate prevalence. This esti-
mate attempts to account for unmeasured exclusion crite-
ria (such as organic causes) and overreporting (20). By this 
method (see ST5 in the data supplement), lifetime preva-
lence estimates are reduced for major depression and 
specific phobia but not for alcohol or drug dependence 
(perhaps because organic exclusions are not pertinent for 
these diagnoses). We restricted further diagnostic analyses 
to the dichotomous method.

Alcohol and Drug Dependence

Prevalences were higher for European-ancestry control 
subjects versus National Comorbidity Survey subjects for 
alcohol dependence (23.1% versus 14.1%) and drug de-
pendence (12.2% versus 7.5%), with the expected excess 
in male subjects (Table 3). There was higher prevalence of 
alcohol dependence in European-ancestry versus African 
American control subjects (23.1% versus 17.8%; c2=7.17, 
df=1, p=0.0074) but higher prevalence of drug depen-
dence in African American–Knowledge Networks versus 

Diagnosis

Table 3 shows the lifetime prevalence of common DSM–
IV diagnoses (21) by CIDI–SF scoring criteria for the pop-
ulation-based portion of the control sample (European-
ancestry, African American–Knowledge Networks); Table 
4 provides additional data. The African American–Survey 
Sampling International subsample (Internet banner ad 
recruitment) has higher lifetime prevalence for common 
diagnoses, more comorbidity, higher neuroticism scores, 
and lower extraversion scores compared with the Knowl-
edge Networks subsample that was recruited from a sur-
vey panel and is thus presented separately (see Tables 
ST3 and ST4 in the data supplement). Table 5 in the data 
supplement (ST5) includes comparison lifetime preva-
lence data from several epidemiological surveys (for all 
ancestries combined) for the Epidemiological Catchment 
Area Study (30), the National Comorbidity Survey (31), the 
National Comorbidity Survey Replication (32, 33), and the 
National Epidemiologic Survey on Alcohol and Related 
Conditions–Wave I (34, 35). Generally, male:female preva-
lence ratios were similar to those in previous studies for 
diagnoses compared with previous work (Table 3, Table 
4 [also see ST5 in the data supplement]), and European-
ancestry:African American–Knowledge Networks ratios 
were comparable within our study, but lifetime preva
lences are higher in our sample (Table 3) than in the 
National Comorbidity Survey (31), which used CIDI. For 

FIGURE 1. Frequency of Self-Reported European-Ancestry and African American Control Subjectsa
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26.6 years [SD=13.8], and 78% reported recurrent major 
depressive episodes (Table 3). It is known that CIDI–SF 
overdiagnoses major depression (37). Without interview 
data, we cannot determine whether there might be a true 
overrepresentation of individuals with depression in the 
Knowledge Networks panel, although this appears un-
likely given that the controls scored lower than popula-
tion means for the neuroticism scale (see below), which 
is often elevated in depression. CIDI–SF major depres-
sive episode criteria ignore distress/impairment (20), 
although queried; if we restrict major depressive episode 
diagnosis to those who sought help, received treatment, 
or reported a lot or some impairment, lifetime preva-
lence was reduced by 3.1% for European-ancestry con-
trol subjects and by 7.3% for African American–Knowl-
edge Networks control subjects. CIDI–SF also fails to 
differentiate major depressive episodes from the effects 
of substance use. Lifetime prevalence of major depres-
sive episodes was 25.4% in controls without alcohol or 
drug dependence and 29.4% in controls who did not en-

European-ancestry subjects (16.3% versus 12.2%; c2=6.23, 
df=1, p=0.013). In the full (European-ancestry plus African 
American) Knowledge Networks sample, alcohol depen-
dence showed the expected increase in men versus women 
(29.1% versus 16.8%, c2=83, df=1, p<0.0001). Also, Knowl-
edge Networks subjects diagnosed with drug dependence 
were younger (mean age: 43.7 years [SD=11.8] versus 50.3 
years [SD=16.5], t test: p<0.0001) and had lower household 
income (<$50,000 for 66.9% versus 55.8%, c2=21.4, df=1, 
p<0.0001) but were more likely to be employed (62.0% ver-
sus 56.1%, c2=6, df=1, p=0.014).

Major Depression

Our European-ancestry control subjects have a much 
higher lifetime prevalence of major depressive episodes 
compared with the National Comorbidity Survey sample 
(40.2% versus 17.1%; reduced to 34.6% for control sub-
jects using probability of caseness as shown in ST5 in the 
data supplement); among European-ancestry subjects 
with major depressive episodes, mean age of onset was 

TABLE 3. Common Psychiatric Diagnoses (DSM–IV From Composite International Diagnostic Interview–Short Form) in 
European-Ancestry and African American (Knowledge Networks) Control Samplea

Condition

European-Ancestry Control Subjects
African American Control Subjects  

(From Knowledge Networks)

Men 
(N=1,578)

Women 
(N=1,786)

Total 
(N=3,364)

Men  
(N=178)

Women 
(N=351)

Total 
(N=529)

Substance use disorders
Alcohol dependence 0.295 0.175 0.231 0.258 0.137 0.178
Drug dependence 0.139 0.108 0.122 0.213 0.137 0.163
Any substance dependence above 0.331 0.211 0.268 0.348 0.219 0.263
Substance-induced psychological symptoms 

(SIPS)
0.179 0.153 0.165 0.230 0.171 0.191

Major depressive episodes
All 0.292 0.500 0.402 0.303 0.481 0.422
Mean age at onset 28.9 25.5 26.6 26.5 24.8 25.4
Single episode 0.077 0.101 0.090 0.051 0.083 0.072
Recurrent 0.215 0.399 0.313 0.253 0.399 0.350
Without SIPS 0.194 0.382 0.294 0.185 0.362 0.302
Without substance dependence 0.146 0.350 0.254 0.163 0.316 0.265
Generalized anxiety disorder
All 0.143 0.255 0.202 0.135 0.219 0.191
Without major depressive episode 0.027 0.030 0.029 0.017 0.023 0.021
Without substance dependence 0.064 0.164 0.117 0.045 0.131 0.102
Anxiety disorders
Specific phobia 0.132 0.233 0.185 0.213 0.251 0.238
Social phobia 0.114 0.169 0.143 0.135 0.154 0.147
Agoraphobia without panic attacks 0.020 0.038 0.029 0.039 0.060 0.053
Panic attacks 0.092 0.196 0.147 0.129 0.191 0.170
Panic attacks without agoraphobia 0.068 0.146 0.109 0.101 0.142 0.129
Panic attacks with agoraphobia 0.023 0.050 0.038 0.028 0.048 0.042
Generalized anxiety disorder 0.143 0.255 0.202 0.135 0.219 0.191
Any anxiety disorder above (generalized anxiety 

disorder, panic, phobia)
0.316 0.485 0.406 0.326 0.481 0.429

Any of the above without SIPS 0.205 0.368 0.292 0.191 0.353 0.299
Any of the above without substance depen-
dence

0.156 0.334 0.251 0.163 0.330 0.274

Obsessive-compulsive disorder 0.061 0.100 0.082 0.118 0.125 0.123
a Data indicate European-ancestry and African American (Knowledge Networks) control subjects’ condition frequencies; disorders are treated 

dichotomously (present/absent) in the present table for the study sample.
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subjects. In the full Knowledge Networks control sample, 
subjects with major depressive episodes were more likely 
to be female (men, 29.3%, versus women, 49.7%, c2=165, 
df=1, p<0.0001), younger (mean age: 46.8 years [SD=14.5] 

dorse a CIDI–SF item about emotional or psychological 
problems (anhedonia, depression, and paranoia) due to 
substance use (alcohol and/or drugs). A similar pattern 
was observed in African American–Knowledge Networks 

TABLE 4. Additional Phenotypic Information in European-Ancestry and African American (Knowledge Networks) Control 
Samplea

Condition

European-Ancestry Control Subjects
African American Control Subjects 

(From Knowledge Networks)

Men 
(N=1,578)

Women 
(N=1,786)

Total 
(N=3,364)

Men 
(N=178)

Women 
(N=351)

Total 
(N=529)

Other disorders, traits, and conditions
Nicotine dependence (Fagerström Test for Nicotine  

Dependence score ≥4)
0.372 0.315 0.342 0.326 0.282 0.297

Mean Fagerström Test for Nicotine Dependence score, all 2.6 2.3 2.4 2.4 2.0 2.1
Mean Eysenck Personality Questionnaire Brief Version  

neuroticism score (0–12)
2.9 4.4 3.7 3.0 4.2 3.8

Mean Eysenck Personality Questionnaire Brief Version extra-
version score (0–12)

6.8 6.9 6.9 7.7 7.6 7.7

Sexual identity
Bisexual 0.025 0.032 0.029 0.039 0.023 0.028
Homosexual 0.029 0.015 0.021 0.034 0.006 0.015

Overweight or obese (current body mass index ≥25 kg/m2) 0.688 0.611 0.647 0.685 0.738 0.720
Obese (current body mass index ≥30 kg/m2) 0.314 0.368 0.342 0.404 0.501 0.469
Mean height (m) 1.79 1.64 1.71 1.79 1.65 1.70
Mean highest lifetime body mass index (kg/m2) 31.0 32.4 31.8 31.8 35.9 34.5
Psychosis and mania screens–endorsed
Diagnosis and/or treatment of schizophrenia and/or schizo

affective disorder
0.008 0.007 0.007 0.028 0.020 0.023

Diagnosis and/or treatment of auditory hallucinations and/or 
delusions

0.013 0.016 0.015 0.045 0.046 0.045

Diagnosis and/or treatment of bipolar disorder and/or manic 
depression

0.025 0.048 0.037 0.034 0.071 0.059

Diagnosis and/or treatment of any of the above three 0.035 0.055 0.045 0.079 0.091 0.087
Psychosis and mania screens–unsure or missing
Diagnosis and/or treatment of schizophrenia and/or schizo

affective disorder
0.025 0.020 0.023 0.039 0.023 0.028

Diagnosis and/or treatment of auditory hallucinations and/or 
delusions

0.015 0.014 0.014 0.034 0.020 0.025

Diagnosis and/or treatment of bipolar disorder and/or manic 
depression

0.029 0.028 0.028 0.028 0.031 0.030

Diagnosis and/or treatment of any of the above three 0.042 0.038 0.040 0.056 0.054 0.055
Comorbidity of disordersb

No disorders and negative psychosis/mania screen 0.516 0.341 0.423 0.461 0.328 0.372
No disorders 0.532 0.348 0.435 0.472 0.339 0.384
Any disorder(s) (one or more) 0.468 0.652 0.565 0.528 0.661 0.616

One disorder 0.215 0.236 0.266 0.253 0.248 0.250
Two disorders 0.110 0.163 0.138 0.096 0.160 0.138
Three disorders 0.071 0.097 0.085 0.045 0.094 0.078
Four disorders 0.032 0.062 0.048 0.034 0.060 0.051
Five disorders 0.011 0.044 0.029 0.034 0.043 0.040
Six or more disorders 0.028 0.051 0.040 0.067 0.057 0.060

Proportion of disordersb in control subjects with:
One disorder 0.211 0.143 0.167 0.192 0.149 0.163
Two disorders 0.217 0.198 0.204 0.145 0.191 0.176
Three disorders 0.209 0.176 0.188 0.103 0.169 0.147
Four disorders 0.127 0.149 0.142 0.103 0.144 0.130
Five disorders 0.056 0.132 0.106 0.128 0.128 0.128
Six or more disorders 0.179 0.201 0.193 0.329 0.219 0.256

a Data indicate European-ancestry and African American (Knowledge Networks) control subjects’ condition frequencies; disorders are treated 
dichotomously (present/absent) in the present table for the study sample.

b Disorders include alcohol or drug dependence, major depressive episodes, specific phobia, social phobia, agoraphobia, panic attacks, gen-
eralized anxiety disorder, and obsessive-compulsive disorder (i.e., excludes nicotine dependence).
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no self-reported major depressive episode. Similar pat-
terns of elevated neuroticism and lowered extraversion 
scores were seen with various anxiety diagnoses (data 
not shown).

Comorbidity

As shown in Table 4, there was extensive comorbid-
ity, with more than one CIDI–SF diagnosis for approxi-
mately 60% of individuals with at least one. Subjects with 
three or more diagnoses (20.2% of European-ancestry 
and 22.9% of African American–Knowledge Networks 
subjects) accounted for most of the total CIDI–SF diag-
noses in their groups (62.9% and 66.1%, respectively). 
The most highly screened control group would consist 
of the 42.3% of European-ancestry and 37.2% of African 
American–Knowledge Networks subjects who received 
no CIDI–SF diagnoses and who denied all psychosis and 
bipolar screens.

Other Conditions and Traits

European-ancestry and African American subjects were 
similar in height, with male subjects approximately 15 cm 
taller than female subjects. Based on current body mass 
index (body mass index=kg/m2) and on highest nonpreg-
nancy body mass index, the majority of subjects were ei-
ther overweight (25 kg/m2 ≤ body mass index <30 kg/m2) 
or obese (body mass index ≥30 kg/m2), particularly African 
American women, similar to contemporaneous estimates 
from the National Health and Nutrition Examination 
Study (40). Similar to previous work (e.g., reference 41), 
in terms of sexual orientation (identity) for the European-
ancestry sample, we find more homosexual men (2.9%) 
than homosexual women (1.5%), a higher ratio of bisexu-
als to homosexuals in women (2.13) than in men (0.86), 
and similar percentages for the African American–Knowl-
edge Networks sample, although the male:female ratios 
are slightly larger.

Psychosis and Mania

The proportion of European-ancestry control subjects 
endorsing previous treatment or diagnosis of schizo-
phrenia or schizoaffective disorder was identical to that 
in the National Comorbidity Survey sample (0.7%) (31), 
but more of our control sample reported treatment or 
diagnosis of bipolar disorder (3.7% versus 1.6%). Afri-
can American–Knowledge Networks subjects reported 
more schizophrenia/schizoaffective (2.3% versus 0.7% 
for European-ancestry subjects; c2=12.9, df=1, p=0.0003) 
and bipolar disorder histories (5.9% versus 3.7% for Euro-
pean-ancestry subjects; c2=4.75, df=1, p=0.029). Without 
more direct data (i.e., interview data of probands, family 
informants, and/or review of medical records), we can-
not determine the true rates of these disorders in these 
samples, but for MGS2 analyses we chose to exclude all 
individuals who endorsed or failed to answer any of the 
relevant items (i.e., the three psychosis/bipolar screening 
questions) (1, 2).

versus 51.3 years [SD=17.0], t test: p<0.0001), unmarried 
(48.8% versus 34.8%, c2=75, df=1, p<0.0001), and to have 
lower household income (<$50,000: 63.3% versus 53.0%, 
c2=41, df=1, p<0.0001).

Anxiety Disorders

Self-reported prevalence of generalized anxiety dis-
order was higher in European-ancestry control subjects 
than in the National Comorbidity Survey (20.2% versus 
5.1%), with prevalence of 11.7% when excluding those 
with alcohol and/or drug dependence or 2.9% when ex-
cluding subjects with any major depressive episodes 
(though CIDI–SF does not ask about relative timing of 
generalized anxiety disorder symptoms versus major 
depressive episodes). We found a similar pattern and 
estimates for African American–Knowledge Networks 
subjects. All anxiety disorders were more prevalent in 
women. Prevalence of CIDI–SF anxiety disorders was 
similar in European-ancestry versus African American–
Knowledge Networks subjects except for specific phobia 
(18.5% European-ancestry versus 23.8% African Ameri-
can; c2=7.82, df=1, p=0.0052), agoraphobia without panic 
attacks (2.9% European-ancestry versus 5.3% African 
American; c2=7.27, df=1, p=0.0070), and OCD (8.2% Eu-
ropean-ancestry versus 12.3% African American; c2=9.03, 
df=1, p=0.0027).

Nicotine Dependence

Nicotine dependence, defined as a Fagerström Test 
for Nicotine Dependence score ≥4 (38), was more com-
mon in men in our full Knowledge Networks control 
sample (36.7% versus 30.9%, c2=14.3, df=1, p=0.0002), 
in European-ancestry versus African American–Knowl-
edge Networks subjects (34.2% versus 29.7%, c2=3.91, 
df=1, p=0.048), and in those with less education (high 
school completion or less for 45.7% of subjects with a 
Fagerström Test for Nicotine Dependence score ≥4 ver-
sus 27.8% for the rest, c2=124, df=1, p<0.0001).

Neuroticism and Extraversion

In European-ancestry control subjects, mean scores 
for neuroticism were 2.9 in male subjects and 4.4 in fe-
male subjects, compared with reported population 
means of 4.95 and 5.90, respectively (39); and for extra-
version they were 6.8 for male subjects and 6.9 for female 
subjects (versus population means of 6.36 and 7.60, re-
spectively). Mean scores were similar in African Ameri-
can–Knowledge Networks subjects except for higher 
extraversion scores (7.7 versus 6.9 in European-ancestry 
control subjects). Control subjects meeting CIDI–SF 
criteria for major depressive episode had higher mean 
neuroticism scores (5.8 versus 2.3 for European-ancestry 
control subjects, and 5.8 versus 2.4 for African American–
Knowledge Networks control subjects) and lower mean 
extraversion scores (6.1 versus 7.4 for European-ancestry 
subjects, and 6.5 versus 8.5 for African American–Knowl-
edge Networks subjects), compared with subjects with 
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4. The African American–Survey Sampling International 
subsample that was recruited by Internet ads had more 
CIDI–SF diagnoses and comorbidity, higher neuroticism 
scores, and lower extraversion scores compared with Afri-
can American–Knowledge Networks panel subjects, con-
sistent with previous work (42). We were unable to recruit 
the entire African American control sample through the 
more representative Knowledge Networks panel because 
our required African American:European-ancestry ra-
tio (approximately 1:2) to match the case collection was 
much higher than that in the general population and be-
cause the volunteering rate was lower (see review for pos-
sible reasons in reference 43) among African American 
versus European-ancestry panel members (15.5% versus 
21.7% [see ST1 in the data supplement]).

Several factors could have contributed to the high rate 
of common psychiatric diagnoses (also see the Discussion 
in the data supplement for disorder-specific information). 
CIDI–SF generally overdiagnoses these disorders (e.g., 
references 37, 44), perhaps due to a combination of fail-
ure to elicit key exclusion criteria (medical disorders, ef-
fects of medications and of substance use, bereavement, 
temporal overlap of syndromes, etc.) or inclusion criteria 
(impairment, distress, etc.) and subjects’ tendency to en-
dorse items based on experiences that a clinician inter-
viewer would probe and then recognize as nonpathologi-
cal. Volunteers for this type of study might also be more 
likely to have common psychiatric disorders, although the 
low neuroticism scores observed here suggest otherwise. 
Finally, the effects of using a “private” evaluation method 
(in this case an online interview) as opposed to a face-to-
face interview might influence the probability of reporting 
psychopathology. The directionality of this effect can vary 
according to subject matter and context (see discussion in 
reference 45), but more anonymous methods may lead to 
more accurate responses to sensitive topics (46–50).

Users of this control sample have many options. For 
studies of common disorders, one might exclude individ-
uals with the disorder under study (or a spectrum of disor-
ders that coaggregate in families) based on dichotomous 
CIDI–SF criteria (at the standard thresholds or at lower or 
higher thresholds) or caseness probabilities. We have con-
structed factor scores (depression, anxiety, “internalizing 
disorders,” nicotine dependence, substance dependence) 
that might more accurately measure the probability of a 
clinically significant disorder in each individual (manu-
script in preparation), and others have shown that restrict-
ing GWAS analyses of such secondary traits to the controls 
in a case-control sample provides appropriate type I error 
rates as long as either the marker or the secondary trait 
is not associated with disease risk (for MGS2, schizophre-
nia) in the study base (51). It is also possible to select a 
“hypernormal” control group (although with an approxi-
mately 60% reduction in sample size) by selecting only in-
dividuals with no CIDI–SF diagnosis who also denied any 
psychotic or bipolar disorder screens. For example, for a 

Discussion

The challenge was to find a cost-effective method to 
collect a control sample as large as our case sample. The 
Knowledge Networks panel provided an opportunity to 
recruit a representative national sample and a modest 
cost, and the online lifetime CIDI–SF provided an efficient 
method for screening of common psychiatric disorders. 
Our methods allowed us to recruit individuals throughout 
the United States and from all demographic strata, while 
obtaining written informed consent for use of biomateri-
als, clinical information, and genetic information for any 
medical research, and for anonymization of the sample to 
ensure access by future investigators.

The results demonstrate that the MGS2 control sample 
has the following characteristics:

1. It is representative of the U.S. population demograph-
ically except for a bias toward higher age, unemployment, 
education and income (but all strata are represented), and 
with an excess of European-ancestry subjects from the 
South and African American subjects from the Midwest. 
Older control subjects are past the typical ages of onset 
for the assayed psychiatric disorders, which might be an 
advantage for studies of those common disorders. Selec-
tion of control subjects based on educational level might 
be considered for studies of disorders manifesting with 
cognitive difficulties.

2. It is similar to the population in anthropometrics, 
ancestral background, and sexual orientation (identity). 
Self-reported ancestral data were consistent with geno-
typic analyses for both European-ancestry and African 
American subjects, except that Native American ancestry 
appears to have been overreported (2). Molecular qual-
ity control analyses demonstrated that DNA quality and 
consistency of self-reported and genotypic ancestry were 
similar for MGS2 control and case samples, despite the 
fact that control subjects were recruited and evaluated 
online with no direct contact besides the company staff 
(Knowledge Networks, Survey Sampling International, 
Examination Management Services, Inc.), and the case 
subjects had direct contact (recruitment, assessment, 
venipuncture) with the research group.

3. The diagnostic prevalences of common psychiat-
ric disorders were substantially higher in these CIDI–SF 
self-reported control subjects compared with the CIDI 
interviewed National Comorbidity Survey sample. The 
excess prevalence was less pronounced when measured 
by probabilities of caseness or in those without alcohol 
or substance dependence. On the other hand, mean 
neuroticism scores (which are typically associated with 
depressive and anxiety disorders) are lower than previ-
ously reported population means, for both European-
ancestry and African American subjects. Male:female 
ratios and patterns of comorbidity are similar to those 
reported previously (Table 3 [also see ST5 in the data 
supplement]).
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