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Using data from The Collaborative Study on the Genetics of Alcohol-
ism, we compare direct interview diagnoses of aicohol dependence
to those obtained by history from family members. Using a require-
ment of three or more positive implications by history, the specificity,
sensitivity, and positive predictive values are 98%, 39%, and 45%,
respectively.

A logistic analysis found the gender of the relative and alcoholism
in the informant to be significant, but not the gender of the informant.
The partial odds ratio of a diagnosis at interview associated with a
positive family history diagnosis was 13.6. The relationship between
the informant and relative was significant, with negative reports from
an offspring or mate more influential than a negative report from a
parent or second-degree relative.

We derived a recursive equation to combine a variable number of
family history reports, wherein the probabilities associated with a
single report are computed from the logistic analysis. This permits
the use of family history information both as a proxy for an uninter-
viewed relative, as well as a second source of information to be used
in the analysis of genetic family data.

Key Words: Family History Diagnoses, DSM-III-R Alcohol Depen-
dence, Specificity, Genetic Analysis.

EN CONDUCTING family and genetic studies,

family history assessments provide a relatively simple

and cost-effective way to select and extend families. Even
when the goal of a study is to perform personal interviews,
relatives will refuse or be unavailable because of death,
unknown address, etc. These individuals may be nonran-
dom with respect to psychopathological outcomes of inter-
est. Researchers view family study (i.e., personal interview)
data as more valid and consider history information as a
type of proxy interview. From another perspective, we may
view both direct interview and family history diagnoses as
dual sources of information to be used at the analysis stage.
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This study focuses on the DSM-III-R diagnoses of alcohol
dependence and abuse and examines a number of specific
questions: (1) How sensitive and specific is the family his-
tory diagnosis of alcoholism? (2) Does the choice of infor-
mant (e.g., mother versus father) affect the sensitivity and
specificity? and (3) How can a variable number of infor-
mant reports be combined within a family?

Although there have been numerous studies that con-
sider the validity of self-reported alcohol consumption'?
using, for example, collateral informants,>* less work has
been done examining diagnostic assessments. Sher and col-
leagues®® have compared reports of college-aged siblings
on their fathers and Mann et al.” performed a study of the
test-retest reliability of a family history questionnaire of
drinking problems. Zimmerman et al.® examined the test- |
retest reliability of the Family History Research Diagnostic
Criteria (FH-RDC) in 58 depressed patients. They found
100% agreement for the RDC diagnosis of alcoholism (n =
12). Kendler et al.° examined parental diagnoses of alco-
holism using 86 twin pair informants who were discordant
for alcoholism. They noted a trend for the alcoholic twins
to report more alcoholism in their parents.

Andreasen et al.'° compared direct interview (SADS-L)
and history diagnoses (FH-RDC) on 2,216 first-degree rel-
atives of depressives. They found a sensitivity (the proba-
bility of a positive history diagnosis in someone alcoholic by
interview) of 52% and a specificity (the probability of a
negative history in an interviewed nonalcoholic) of 96%. In
their study, the history diagnosis represented a consensus
of two FH-RDC’s: one from the proband and one from the
best informant for the family.

The aforementioned studies indicate that family history
represents a valid source of information, although there
may be reduced sensitivity in a single report. However,
when multiple informants are available, it is unclear how to
weight the number of positive and negative reports or how
to take into account other covariates that would affect the
degree of certainty attached to information from a partic-
ular informant. In previous work,'!"'* we discussed the use
of multiple personal interviews to reduce the impact of
diagnostic error in a single, cross-sectional assessment.
Combining multiple reports of family history information
with interview information offers another approach for
phenotype definition in genetic studies.
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SUBJECTS AND METHODS

Data presented are from The Collaborative Study on the Genetics of
Alcoholism* (COGA), a multisite study of alcoholic probands and their
relatives. The six sites consist of the State University of New York at
Brooklyn, University of Connecticut, Indiana University, University of
Towa, University of California at San Diego, and Washington University in
St. Louis. Probands are identified in treatment settings and meet both
DSM-1II-R"® dependence and Feighner et al.'* definite lifetime criteria
for alcoholism.

Diagnostic Instruments

Family members and probands are administered the Semi-Structured
Assessment for the Genetics of Alcoholism'® (SSAGA) designed to assess
the physical, psychological, and social manifestations of alcoholism and
related disorders, and the Family History Assessment Module (FHAM),
which makes six specific DSM-III-R diagnoses on relatives by history.
Each interviewed member (age 18 or older) of the family is administered
the FHAM, so that there are a variable number of muiltiple sources of
family history diagnoses. The SSAGA and FHAM were developed as part
of the COGA project.

The FHAM is a structured diagnostic instrument to assess major
DSM-III-R psychiatric disorders among relatives of the informant. All
interviewed adults (aged 18+) receive the FHAM. The following disor-
ders are diagnosed: alcoholism, drug dependence, depression, mania,
schizophrenia, and antisocial personality.

The FHAM is composed of a Screener, a set of 11 questions to screen
relatives likely to have a specific psychiatric disorder, and Individual
Assessment Modules (IAMs), which list specific symptoms of each diag-
nosis. The screening question for alcoholism is, “have any of your relatives
ever had any family, job, school, police, or health problems because of
drinking?” Similar questions are asked regarding other psychiatric disor-
ders. Then, all relatives listed as positive in the diagnostic screening
questions are assessed by the corresponding IAM(s). The screening ques-
tion for alcohol problems is asked of each first-degree relative who is not
identified by the initial screening question. (Copies of the FHAM are
available from Dr. Bucholz.)

Subjects

In this study, we consider 452 proband families and 120 control families
with at least one FHAM available for analysis. Probands are ascertained
from alcoholism treatment facilities and must be able to speak English, be
older than 17 years, give written informed consent, and have at least two
first-degree relatives living in one of the catchment areas. Families that are
found to include two additional first-degree relatives with a diagnosis of
alcoholism are extended through affected individuals or through “leap-
frogging” over an unaffected individual if two individuals in that secondary
nuclear family are affected by family history. Control probands and their
families are ascertained via random consecutive sampling from HMOs,
Dental Clinics, or by randomly sampling driver’s license records. These
families are not eliminated if they contain alcoholic members.

Interview data and diagnoses are available on 2,654 individuals in these
572 families. These individuals have been administered the SSAGA, and
their interview data have been checked for consistency by an editor at each
site, entered, checked by a computer-cleaning program, and included on

* The Collaborative Study on the Genetics of Alcoholism (H. Begleiter,
State University of New York, Health Sciences Center at Brooklyn, principal
investigator; T. Reich, Washington University, co-principal investigator) includes
six different centers wherein data collection takes place. The six sites and principal
investigator and co-investigators are: Indiana University (J. Nurmnberger, Jr., P. M.
Conneally); University of lowa (R. Crowe, S. Kuperman); University of Califor-
nia at San Diego and Scripps Institute (M. Schuckit, F. Bloom); University of
Connecticut (V. Hesselbrock); State University of New York, Health Sciences
Center at Brooklyn (H. Begleiter, B. Porjesz); and Washington University in St.
Louis (T. Reich, C. R. Cloninger).
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Table 1. Relationship of interviewed Relatives to Proband

Relationship No.
Alcoholic proband 380
Control proband 83
Parent 502
Sibling 900
Offspring 375
Mate 170
Other 234

2,654

the Masterfile (MF19) distributed to each site. The relationship of these
individuals to the proband is given in Table 1.

Logistic Regression

We utilized logistic regression*® to predict an interview diagnosis of
DSM-III-R alcohol dependence in relatives of the proband. The general
principles used in an analysis using logistic regression are similar to those
used in the more familiar linear regression. One important difference is
that, in logistic regression, the outcome variable, y, is dichotomous with

= 1 corresponding to “affected” and y = 0 corresponding to “unaffect-
ed” Let X = xq, x5, ..., X be a sequence of independent variables
influencing the probability of being affected, that is, of having an interview
diagnosis of alcohol dependence. Let Pr(y = 1]X) denote the probability
of a diagnosis of alcohol dependence as a function of the independent
variables (the covariates). The following function, known as the logistic
function, is used to model Pr(y = 1|X):

a+ BiX1+... + BuXk

Pr(y=1|X)=1+ea+[31X1+4..+Bka' (1)
A primary reason why logistic regression is considered such a powerful
analytic tool is that the coefficient, B;, can be interpreted as the natural
logarithm of the odds ratio for its corresponding variable, x;. Therefore,
the odds ratio = ¢®. For example, if the covariate x; represents gender
(coded 1 for males or 2 for females), then e = 0.5 indicates that a positive
diagnosis (y = 1) occurs half as often among females as males when all
other covariates have the same values for males and females.

An individual may be classified as alcoholic depending on our choice of
the cut-off value for Pr(y = 1|X); for example, we may choose Pr(y =
1|X) = 0.6 as the point of demarcation, declaring anyone with a predicted
probability >0.6 as alcohol-dependent.

We performed logistic regression on all first-degree relatives of the
proband who were the subject of at least one FHAM,; that is, at least one
additional family member was interviewed with the FHAM. Among the
independent variables used in the logistic regression are two family history
variables: Family History-Certain (FHC) coded as 1 if and only if the
FHAM diagnosis is “certain” for alcohol dependence, and Family History-
Questionable (FHQ) coded as 1 for a “questionable” diagnosis; if the
FHAM diagnosis is “none,” then both of these variables are coded as 0.
Additional covariates are the sex of the informant, sex of the relative, the
alcohol diagnosis of the informant, and a set of four variables indicating
the relationship between informant and relative.

Statistical Model for Multiple Informants

An analysis using logistic regression estimates the probability of being
affected by interview given information from a single family history report.
We also wish to analyze the ability of multiple family histories to predict
the interview diagnosis. Let y denote the variable “affected by interview”
with valuesy = 1 for affected andy = 0 for unaffected. Therefore, we need
to compute Pr(y = 1|FH,, FH,, ..., FH,) for n family history reports,
FH,, ..., FH,, where each event FH,, k = 1, ..., n represents whether
the FHAM report is positive or negative, as well as all the other covariates
described previously: genders of the informant and relative, relationship
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Table 2. Interview Versus Family History Diagnoses in Relatives with at Least Three Chances to Be Implicated
Males (n = 716 Females (n = 887,
No. of positive ¢ ) ¢ )
FHAM implications Dependence Abuse None Dependence Abuse None
0 28.5* 61.1 85.0 46.5 63.6 90.1
1 13.7 5.6 7.8 16.5 273 58
2 12.0 11.14 4.6 9.0 9.1 3.0
3 9.4 56 14 11.5 0.0 0.4
4 12.8 5.7 0.9 6.0 0.0 0.0
5 10.8 111 0.3 4.5 0.0 0.4
<] 6.0 0.0 0.0 3.5 0.0 0.0
7 1.7 0.0 0.0 15 0.0 0.2
8 1.1 0.0 0.0 0.5 0.0 0.0
] 1.4 0.0 00 0.0 0.0 0.2
=10 2.5 0.0 0.0 0.5 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0
n 351 18 347 200 " 676
* Column percents.
Table 3. Sensitivity (p), Specificity (g), and Positive Predictive Value (PV) of History Diagnosis of Alcohol Dependence
. Males Females Combined
No. of positive
FHAM implications p q PV p q PV P q PV
=1 0.72 0.84 0.81 0.54 0.80 0.60 0.65 0.88 0.73
=2 0.58 0.92 0.87 0.37 0.96 0.72 0.50 0.94 0.82
=3 0.46 0.96 0.93 0.28 0.99 0.88 0.39 0.98 0.M1

between informant and relative, and interview alcohol diagnosis of the
informant.

Under the assumption that Pr(FH, |y, FH,, ..., FH,_,) = Pr(FH, |y),
that is, the interview diagnosis is the “gald standard,” the following
recursive formula can be derived:

Pr(y = 1|FH,,...,FH,)

o Prly= 1|FH,) Pr(y = 1}{FH,, ..., FH,_{) Pr(y = 0)
" Pr(y = 0|FH)Pr(y = O|FH,,...,FH,_)Pry =1) @
+ Pr(y = 1|FH,)Pt(y = 1|FH,, ..., FH,_)Pr(y = 0)

Note that this formula depends on the “base rate” Pr(y = 1) of the
interview diagnosis in the population being studied.

RESULTS

Sensitivity, Specificity, and Positive Predictive Value

We first consider first-degree relatives who had at least
three chances to be implicated (i.e., three or more addi-
tional family members were interviewed with the FHAM).
This data set consisted of 1,603 relatives (433 parents, 826
siblings, and 344 offspring). The cross-classification of
these relatives by SSAGA diagnosis (DSM-III-R Alcohol
Dependence, Abuse, none) and the number of positive
FHAM implications is given in Table 2. This table displays,
by sex and interview diagnosis (dependence, abuse, none),
the percentage of relatives with 0, 1, ..., 10 or more
positive FHAM implications. For example, the table shows
that 351 males had a SSAGA diagnosis of alcohol depen-
dence and, of these, 28.5% were not implicated by any of
their relatives who were administered the FHAM.

From Table 2, we use the number of positive FHAMs to
compute the sensitivity, p, the probability of correctly iden-
tifying a case (diagnosed by interview) and the specificity, g,

the probability of correctly identifying a noncase. For ex-
ample, Table 2 shows that p = 71.5% of the 351 male cases
were identified by at least one positive FHAM. Similarly,
q = 85% of the 347 male noncases had no positive FHAM
implication. Table 3 also contains the positive predictive
value, PV, the probability that an individual who is alcohol-
dependent by history is also diagnosed dependent by per-
sonal interview. PV, p, and q are displayed in Table 3 for
three definitions of dependent by history: 1 or more, 2 or
more, and 3 or more positive FHAMs.

We note from Table 3 that the specificity of a history
diagnosis based on multiple positive reports can be quite
good, although the sensitivity decreases with the number of
implications required to make a diagnosis. Because there
are variable numbers of possible implications (ranging from
3 to 27), it should be cautioned that these are not the values
of sensitivity and specificity resulting from administration
of a single FHAM. This will be addressed herein.

From Table 2, we note that the diagnosis of DSM-III-R
alcohol abuse is low in this sample (2.5% in males and 1.2%
in females), and the sensitivity for this diagnosis is below
40%, even for a cut-off of at least one implication.

Logistic Analysis

We created a data set with all possible pairs of relatives
and informants. Relatives consisted of the 1,603 inter-
viewed first-degree relatives whose family had at least one
FHAM available for analysis, We excluded probands as
relatives because they were identified through treatment
settings at the time of interview and might not be compa-
rable with their alcoholic relatives. The informants were all
people in that family who filled out a FHAM. The resulting
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Table 4. Odds Ratios for Predictors of Interview Diagnosis of Alcohol
Dependence

Odds ratio (e®) X2 p value
Variable
Intercept () 1.86 274  <0.0001
Family history diagnosis
FHC 13.6 1,157.1  <0.0001
FHQ 4.3 65.6 <0.0001
Gender of reiative 0.3 606.3  <0.0001
Gender of informant 1.1 33 0.07
Alcohol diagnosis in informant 15 57.3 <0.0001
Relationship
Sibling 0.85 6.4 0.01
Child 0.33 182.3  <0.0001
Mate 0.34 58.6 <0.000%
Other 1.1 1.9 0.17

file consisted of 12,266 observations. The relationship vari-
able was defined as the relationship of the informant to the
relative,

Using the LOGISTIC!” procedure of SAS, we fit a lo-
gistic model using the variables listed in Table 4: the two
family history diagnosis variables (described herein), the
gender of both the informant and relative (males coded 1,
females coded 2), interview alcohol diagnosis of informant,
and four variables indicating the relationship between in-
formant and relative. The four relationship variables con-
sist of one each for sibling, child, mate, and other (not first
degree). If the informant is a parent, all four of these
variables are coded 0. Therefore, each of the four classes of
relatives will be compared with parent when forming the
odds ratio.

We note the highest odds ratio corresponds to a positive
history diagnosis at the “certain” level. The next highest is
a positive history diagnosis at the “questionable” level. This
indicates that, although the precision of this latter diagnosis
is lower, there is validity associated with its use. As ex-
pected, the gender of the relative is significant (the odds
ratio associated with a male is 1/0.3 = 3.3), whereas the sex
of the informant (controlling for relationship) is not. Pos-
itive reports from a parent, sibling, or “other” relative give
comparable increases in the odds to implicate, whereas
those associated with a child or mate are reduced by one-
third compared with parents. Here, children had to be at
least 18 years of age to be included in analysis, so this is not
solely explained by youth. Finally, the odds of being impli-
cated by FHAM were increased if the informant had a
positive diagnosis of alcoholism by interview.

The odds ratios in Table 4 correspond to a single, mul-
tivariate model, and each should be interpreted as the
effect of that variable controlling for all other variables.
Because aicoholism is familial, an alcoholic informant is
more likely to have an alcoholic relative, so univariate
significance is to be expected. Herein, the odds associated
with a positive report are further augmented when the
informant has a positive diagnosis him/herself.

Using Eq. 1, the predicted probability of a positive in-
terview diagnosis may be computed from the model param-
eters underlying Table 5. A predetermined cut-off may be
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Table 5. Sensitivity and Specificity from Logistic Analysis
Cut-off probability

Sensitivity (p) Specificity (@)

0.1 0.97 0.19
0.2 0.85 0.44
0.3 0.68 0.74
0.4 0.61 0.82
0.5 0.41 0.94
0.6 0.34 0.97
0.7 0.33 0.97

used to classify individuals as affected or unaffected. The
sensitivity and specificity associated with various cut-offs
are given in Table 5. Notice that the decision to call af-
fected anyone with a predicted probability of 0.70 or more
only identifies 33% of those who are affected by interview;
however, the specificity for this cut-off values is quite high
at 97%.

Use of Multiple Informants

Overall, 49% of males and 23% of females in our sample
have a diagnosis of alcohol dependence. In Table 6, we
display the predicted probability of being affected in rela-
tives with 1, 2, or 3 sources of family history. We use the
coefficients from Table 4 for a male informant who himself
does not have a diagnosis of alcoholism, and use Eq. 2 to
compute these probabilities. For example, the predicted
rate in brothers with one positive FHAM implication is
88%. The predicted rate with one positive and two negative
implications is 72%.

Table 6 underscores the differences associated with re-
lationship of the informant. A positive report from a parent
carries relatively more weight than a negative report. For
example, 3 of 3 positive reports predict a rate of 100% in
sons or daughters, whereas all three negative reports pre-
dict rates of 24% and 10%, respectively. In contrast, 3 of 3
negative reports from offspring reporting on their parents
predict 13% and 0%, respectively. This has major implica-
tions for mixtures of positive and negative reports. For
example, a negative report from a sibling given two positive
reports carries little weight when compared with a negative
report from an offspring. The predicted rate in a brother
decreases from 98% to 97%, whereas in father it decreases
from 90% to 67%.

DISCUSSION

Consistent with other reports, we find family history
information for alcohol dependence to be valid and yield a
high level of specificity. Using multiple sources allows the
investigators to set a cut-off value for number of positive
implications, or a cut-off on the logistic function, so that the
specificity and predictive value approach 1.0. This is impor-
tant in disease screening, in high-risk designs, or extending
families through uninterviewed relatives as in COGA. Set-
ting a cut-off to achieve high specificity is at the expense of
the value of sensitivity.
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Table 6. Predicted Rates in Relatives with Multiple Family Histories

No. of implications Siblings reporting on:

Offspring (or “other”)

reporting on: Parents Reporting on:

Positive Negative Brothers Sisters Fathers Mothers Sons Daughters
0 0* 49 23 49 23 49 23
1 0 88 71 75 49 90 75
0 1 36 15 18 ] 40 18
2 0 98 95 90 75 99 97
1 1 82 60 40 18 86 68
0 2 25 10 5 2 31 13
3 0 100 99 96 91 100 100
2 1 97 93 87 42 98 95
1 2 72 48 13 5 81 61
0 3 16 6 13 0 24 10

* Rates are assumed to be 49% in males and 23% in females.

Anecdotal reports would indicate that women are better
informants than men. However, in our data, the sex of the
informant was not significant in predicting the presence of
alcoholism. There was a significant difference based on the
relationship between the relative and the informant. This is
best illustrated in Table 6 by examining the impact of a
negative implication. A negative report from a child (or
mate) is much more influential than from a parent or
“other,” with a sibling being intermediate.

There are two novel features of our analysis. The first is
the ability to use covariates, such as relationship and the
diagnostic status of the informant, as well as the sex of the
relative. These are significant predictors that increase the
precision of the imputed diagnosis. The logistic model is
well suited to creating a quantitative scale that takes these
covariates into account.

The second novel feature is the use of Eq. 2 to combine
multiple family history interviews. Although the logistic
model is natural for a single history report, it would not be
for a variable number of such reports. Our approach re-
quires some model-based assumption to calculate the joint
distribution of family history diagnoses. The assumption we
made is that the direct interview is the “gold standard.” In
fact, a direct interview has an error component and its own
sensitivity and specificity, although there is no diagnostic
test for the “true” status of an individual. There are cases
where the interview is negative, but the individual has many
positive FHAM diagnoses. In these cases, it would be
reasonable to assume these individuals represent false neg-
atives by interview and use the FHAM information (at
perhaps a higher cut-off than for someone not interviewed)
to classify these individuals as affected.

Most statistical procedures either eliminate missing ob-
servations, or impute their values as the mean, conditional
on other observed variables. In genetic analysis, wherein
the phenotype of an uninterviewed parent may not be
random, family history information can be used to provide
information. Even when an individual is interviewed, we
can combine all history reports into a single probability of
affection as previously shown, and consider the bivariate
phenotype based on interview and history. This should

enhance diagnostic validity in genetic analysis and utilize
the full set of data collected.

There are a few technical aspects of the analyses that
need comment. The 12,266 “observations” are not indepen-
dent. The logistic analysis requires the assumption of con-
ditional independence of the observations. The parameter
estimates will be consistent, but the reported x*s in Table
4 may be somewhat inflated. However, with such large
sample sizes, the magnitudes of the odds ratios are of
interest rather than the level of statistical significance.

A methodological difference between our family assess-
ment instrument (FHAM) and the commonly used FH-
RDC?8 is that the FHAM does not probe in detail on each
relative. One concern may be that the FH-RDC would have
a lower specificity but higher sensitivity as a result. A direct
comparison between our results and those reported by
Andreasen et al.'® is problematic, because the latter study
used precisely two FH-RDCs and reported a consensus
history diagnosis. They report a specificity of 96% and
sensitivity of 52%. For a specificity of 94% in our Table 5
(based on a single FHAM), the sensitivity is 41%. Requir-
ing two positive FHAM implications (Table 3), the sensi-
tivity is 50% and the specificity is 94%, almost identical to
those of Andreasen et al. The FHAM has the advantage
that relatives more distant than first degree may be evalu-
ated. Our results suggest that a corresponding sensitivity
and specificity may be achieved by using an appropriate
cut-off to classify relatives.

Our findings provide a way to combine multiple family
history reports into a single probability of being alcoholic.
This procedure takes into account the sex of the relative,
the relationship of the informants to the relative, etc. This
may be viewed as a “data reduction” technique to summa-
rize all family history information. Future work will include
using family history information along with interview data
to discriminate false-positives from true-positives and false-
negatives from true-negatives. In the analyses herein, an
interview diagnosis was used as the “true” state. If cases
could be defined using, for example, best estimate clinical
consensus, then both interview and history variables could
be used as predictors. Another area that merits further



DIRECT INTERVIEW AND FAMILY HISTORY DIAGNOSES

work is consideration of age effects. The duration of the
relative’s alcohol problems, or the recency of these prob-
lems, would likely play a role in an informant’s awareness
of individual symptoms.
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