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Objective: DSM-IV indicates that diagnoses of substance dependence should be further
characterized with regard to the presence of a physiological component, defined by tolerance
or withdrawal. This study evaluated the possible meaning of this distinction in alcohol-depen-
dent men and women. Method: As part of the Collaborative Study on the Genetics of Alco-
holism, structured interviews were carried out with 3,395 DSM-III-R-defined alcohol-depen-
dent individuals divided into 2,949 subjects (86.9%) with evidence of tolerance and/or
withdrawal (group 1), 51.3% of whom evidenced withdrawal symptoms, and 446 subjects
(13.1%) without a physiological component (group 2). Data were evaluated to determine
differences between the two groups. Results: Group 1 reported greater severity of alcohol
dependence as demonstrated by a larger maximum number of drinks in 24 hours, more persons
reporting binges, more alcohol-related life problems, more relevant DSM-III-R criteria en-
dorsed, more physiological complications, and more alcohol-related emotional/psychiatric
symptoms such as depression and anxiety. Each of these severity indicators for problems in
group 1 was significant in the presence of the others in a logistic regression, and similar items
remained significant when tolerance alone, withdrawal alone, or their combination was used
as the criterion for group 1 membership; however, for withdrawal a larger proportion of the
variance was explained by the predictor variables. The regression results were independent of
gender, proband status, and history of antisocial personality disorder. Conclusions: The results
support the clinical relevance of distinguishing between alcohol-dependent patients with and
without a physiological component. The data indicate a potential advantage to limiting that
definition to withdrawal only.
 (Am J Psychiatry 1998; 155:733–740)

B etween 1700 and the present, about 50 potential
typologies and subgroupings for alcohol and drug

problems were proposed (1–6). Most of these rubrics,
but not all, incorporated aspects of physiological com-
ponents of substance-related syndromes, such as toler-
ance and withdrawal, as criterion items. In the recent
decade there has been greater agreement in defining se-
vere substance-related syndromes, with a compromise
regarding the importance of physiological aspects of
withdrawal that grew out of the broad concept of de-
pendence developed by Edwards and Gross (ICD-10, 7,
8). In order to describe a complex, multifaceted process

that applies across substances, tolerance and with-
drawal became part of the substance use disorder spec-
trum but were no longer viewed as required elements.
This reflects the belief that devastating levels of prob-
lems can develop with use of some drugs without toler-
ance or withdrawal and the recognition that there were
insufficient data documenting that the physiological
conditions were of greater importance than other as-
pects of “dependence” (9–11).

At the same time, there might not be sufficient data
to justify this lessened emphasis on tolerance and with-
drawal (7, 12, 13). Consideration of the physiological
components of substance dependence could, at least
theoretically, help clinicians avoid classifying mild cases
as dependent, enhance the distinction between drugs
with higher and lower abuse liabilities, identify indi-
viduals most in need of immediate medical treatment,
and help justify the costs of more intensive care (9). Ad-
ditional potential benefits include the recognition of the
potential reinforcing role of continued substance use to
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relieve withdrawal symptoms and the importance of
physiological symptoms as markers of a greater prob-
ability of relapse (9, 14, 15). Finally, the emphasis on
tolerance and withdrawal can also serve as a frame-
work for the concept that dependence might relate to
biological mechanisms and might have important im-
plications for genetic research (16–18).

Reflecting these issues, the framers of DSM-IV re-
quested that clinicians and researchers gather more data
by subtyping substance dependence as having developed
with or without accompanying tolerance or withdrawal.
To date, several attempts have been made to comply with
this request by using cross-sectional comparisons. Re-
garding alcohol, a study of 344 subjects with at least one
alcohol problem from among 521 patients from a variety
of treatment settings (9) found no convincing evidence
that tolerance and withdrawal were related to a greater
number of DSM-IV dependence problems. Similar conclu-
sions were generated for cocaine, opiates, amphetamines,
sedative-hypnotics, and cannabinols. For no substance
was tolerance or withdrawal linked to exceptionally high
scores on the Addiction Severity Index. Another study of
399 cocaine-using subjects (10) found low to modest
Sommer’s D relationships between withdrawal or toler-
ance and Addiction Severity Index ratings of social prob-
lems (correlation=0.26), employment difficulties (cor-
relation=0.21), associated drug or psychiatric problems
(correlation=0.17), and alcohol use (correlation=0.20).
Overall, there is little consistent support for a relation-
ship between more severe concurrent problems and
tolerance/withdrawal of opiates, sedatives, and canna-
binols (9).

Several investigators have evaluated the potential rele-
vance of tolerance and/or withdrawal to short-term clini-
cal outcome in longitudinal studies. Regarding cocaine,
with use of Sommer’s D statistic, a 1-year follow-up of
94 (63%) of 150 cocaine-using subjects (10) found that
tolerance and/or withdrawal at treatment intake had a
correlation as high as 0.42 with Addiction Severity Index
psychiatric symptoms during follow-up and as high as
0.27 with Addiction Severity Index scores on social func-
tioning. Other correlations were as high as 0.20 with em-
ployment during the follow-up period, 0.17 with alcohol
or drug use, and 0.14 with legal problems, although for
these last three results, other DSM-IV items were related
to Addiction Severity Index items at as high or higher
levels. Another follow-up showed little evidence of any
close relationship between physiological dependence at
intake and outcomes for subjects with problems with a
variety of drugs (10). Thus, there are few data which ar-
gue convincingly that physiological components of de-
pendence effectively predict outcome in persons with
substance-related problems (9, 10, 19).

In summary, while few studies have evaluated the
centrality of diagnostic items that indicate physiological
dependence, the proportions of substance-dependent
individuals who exhibit tolerance and/or withdrawal
symptoms differ markedly across different drugs and
treatment settings (10, 12, 20–22). In addition, these
physiological symptoms have long been emphasized by

clinicians, indicating that further study regarding their
diagnostic importance is needed. This article evaluates
concurrent clinical validators or correlates of alcohol de-
pendence with and without a physiological component in
a large, diverse, and intensely studied population.

METHOD

The six-center-wide Collaborative Study on the Genetics of Alco-
holism is a large family investigation designed to identify genetic fac-
tors in alcohol use, abuse, and dependence (20, 23–25). After a full
explanation of the procedures, appropriate subjects in these centers
gave written informed consent to participate. The subjects were con-
secutive alcohol-dependent individuals who entered selected alcohol
and drug treatment programs and who met both the DSM-III-R cri-
teria and the Feighner definite criteria (26) for alcohol dependence
and alcoholism. They were included regardless of additional diagno-
ses; the only exclusions occurred for persons who were unable to
speak English, those with evidence of severe debilitating diseases such
as AIDS, those with histories of intense intravenous drug use, and
those who had fewer than five relatives available for interview.

Evaluations were carried out with use of the Semi-Structured As-
sessment for the Genetics of Alcoholism interview (20, 23) by highly
trained personnel who screened for 17 axis I diagnoses as well as
antisocial personality disorder. Interviewers received intensive train-
ing on the Semi-Structured Assessment for the Genetics of Alcohol-
ism, all completed interviews were reviewed by senior editors, and
clinicians reviewed all data when diagnostic information was unclear.
In addition to interviews with the probands (initial index cases), iden-
tical structured interviews were carried out with all available biologi-
cal relatives, and data were evaluated in a manner similar to that used
for the probands.

The section on alcohol of the Semi-Structured Assessment for the
Genetics of Alcoholism is quite detailed. Subjects are queried regard-
ing recent drinking history, patterns of alcohol use, periods of absti-
nence, and an extensive series of life experiences related to alcohol.
Included among these are items relevant to establishing diagnoses of
alcohol dependence, abuse, or harmful use as evidenced by the diag-
nostic criteria proposed by Feighner et al. (26), the Research Diag-
nostic Criteria (27), DSM-III-R, DSM-IV, and ICD-10. Similar data
related to multiple diagnostic schemes are gathered regarding depen-
dence on most drugs of abuse and for major psychiatric disorders,
including most of the major anxiety and mood disorders.

Data were also gathered from comparison subjects at each of the
six centers. These individuals were identified through a variety of
mechanisms, including random selection from drivers’ license re-
cords, advertisements, random selection of individuals attending
medical or dental clinics, and respondents to a questionnaire mailed
to randomly selected subjects at a university campus (20, 24, 25).

The present analyses compared DSM-III-R-defined alcohol-depen-
dent individuals who reported histories indicating the presence or ab-
sence of a physiological component. All data came from face-to-face
interviews in which the Semi-Structured Assessment for the Genetics
of Alcoholism was used; the 3,395 subjects included 1,180 probands
(34.8%), 2,054 DSM-III-R-defined alcohol-dependent relatives of the
probands (60.5%), and 161 alcohol-dependent comparison subjects
or relatives of comparison subjects (4.7%). To test the procedures
suggested by DSM-IV, the alcohol-dependent subjects were placed
into two major groups on the basis of endorsement in the semi-
structured interview of one or more of the following items as being
appropriate for them at sometime during the course of their alcohol
dependence. Consistent with the guidelines set forth in DSM-IV, evi-
dence for selection for group 1, indicating the presence of a physi-
ological component, included 1) having developed tolerance (i.e., at
any time in one’s life, needing to consume at least 50% more alcohol
than usual to get the same effect), 2) having developed an alcohol
withdrawal syndrome at some time during one’s alcoholic career
(e.g., reporting two or more of the symptoms listed in DSM-III-R for
alcohol withdrawal, with one of these being “shakes”), and 3) ever
using a substance to avoid or relieve withdrawal symptoms. Group 2
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included those individuals who met the DSM-III-R
criteria for alcohol dependence but without evi-
dence of tolerance, of having experienced an alco-
hol withdrawal syndrome, or of having used a sub-
stance to avoid withdrawal symptoms. Analyses
that required a distinction between substance-in-
duced and independent psychiatric conditions used
the time-line approach described in more detail
elsewhere (24, 25, 28, 29).

The chi-square test (with Yates’s correction
where appropriate) was used to test for differences
between groups in categorical data, and Student’s t
test was used for comparison of means across
groups. Because of the large number of subjects in-
volved in the analyses, with the possibility that rela-
tively trivial group differences would appear to be
statistically significant, data were also examined re-
garding the magnitude of effect (small, medium, or
large) of the statistical differences according to the
method of Cohen (30) (the d statistic for Student’s
t test and the w statistic for the chi-square test). Fi-
nally, a logistic regression analysis was used to de-
termine the potential relevance of the most promi-
nent factors that differentiated the groups with and
without physiological dependence, offering the op-
portunity to evaluate the effect of each predictor
while controlling for the impact of other factors.

RESULTS

Group 1 contained 2,949 subjects
(86.9%) with evidence of tolerance and/or
aspects of withdrawal at some time during
their alcoholic course, while group 2 con-
tained 446 subjects (13.1%) with no evi-
dence of a physiological component in the
course of their alcoholism. In group 1 al-
most half (48.7%) of the subjects reported
tolerance alone, 3.8% reported at least
one of the two indicators of withdrawal or
withdrawal relief in the absence of toler-
ance, and 47.5% noted a history of alco-
hol-related tolerance and at least one of
the two aspects of withdrawal.

Table 1 presents the demographic characteristics of
the two groups. Significant differences (all at the level
of small effect sizes) included a higher proportion of
male subjects and a lower proportion of subjects who
were currently or ever married in group 1 (those with
physiological dependence). Subjects in that group were
also somewhat younger, less educated, less likely to be
employed, less likely to be Caucasian, and more likely
to be probands (initial index cases).

Table 2 shows data on whether ever having met cri-
teria for physiological dependence was associated with
a history of more general (i.e., not alcohol-related)
medical problems in the two groups. Subjects in group
1 were more likely to report histories of head trauma,
concussion, seizure disorder, and any type of liver dis-
ease. Recognizing that individual disorders in this pan-
oply of physical disorders are not likely to be inde-
pendent, we compared a single overall measure of the
number of the nine medical items endorsed in group 1
and group 2. A small but significantly greater number

of general physical health problems was found among
the subjects with physiological dependence. Consistent
with the increased risk of medical disorders, individuals
in group 1 had more emergency room visits. However,
the two groups did not differ in lifetime number of hos-
pitalizations, number of surgeries, or prior 6-month
history of medical visits.

Table 3 shows the relation between group member-
ship and intensity of alcohol use and alcohol problem
histories. Regarding the pattern of alcohol intake, sub-
jects with physiological dependence demonstrated a
50% higher maximum number of drinks in 24 hours.
Group 1 subjects also showed an earlier age at onset of
regular drinking and of first intoxication and reported
fewer periods of abstinence lasting 3 or more months
since the onset of regular drinking. The prevalence of
26 of the more frequently observed major life events
associated with alcohol use in this population was also
examined. Group 1 subjects were significantly more
likely to have reported 23 of these events, and the aver-
age number of the 26 categories they endorsed was al-

TABLE 1. Demographic Characteristics of 3,395 Alcohol-Dependent Subjects With
and Without Physiological Dependence

Physiological Dependence

Variable

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446) Analysisa

Mean SD Mean SD t df

Age (years) 37.5 11.9 40.0 12.9  4.08*** 3,392
Education (years) 12.5 2.3 12.9 2.4  3.34*** 3,392
Months worked in past year

(zero included in mean)  7.5 5.0  8.6 4.8  4.45*** 3,389

N % N % χ2 b df

Male gender 2,039 69.2 256 57.4  23.96*** 1
Race  11.37* 4

Caucasian 2,211 75.0 363 81.4   8.35** 1
Black 463 15.7 53 11.9   4.09* 1
Hispanic 183 6.2 20 4.5   1.75 1
Asian 0 0.0 1 0.2
Other 88 3.0 9 2.0   0.98 1

Religious preference   2.75 3
Catholic 1,149 39.0 167 37.4
Protestant,

Fundamentalist, other
Christian 1,269 43.1 202 45.3

None/atheist 458 15.5 62 13.9
Other 71 2.4 15 3.4

Current marital status   30.50*** 4
Married 1,148 38.9 233 52.2  27.91*** 1
Widowed 44 1.5 8 1.8   0.08 1
Separated 228 7.7 26 5.8   1.76 1
Divorced 566 19.2 74 16.6   1.59 1
Never married 961 32.6 105 23.5  14.30*** 1

High school diploma 2,082 70.6 337 75.6   4.42* 1
Currently employed full-time 1,385 47.0 256 57.4  16.47*** 1
Proband status 1,158 39.2 53 11.9 125.41*** 1

aThe effect size for all significant chi-square and t values was small (Cohen’s w=0.10
for chi-square; Cohen’s d=0.20 for t).

bYates’s correction was used where appropriate.
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most twice as high as the number in group 2. For the
six DSM-III-R dependence items not used in group as-
signment (i.e., excluding criteria related to tolerance or
withdrawal), the average number of those items en-
dorsed by group 1 subjects was also significantly higher
than for group 2. Finally, the proportion of probands’
interviewed first-degree relatives who were alcohol-de-
pendent was significantly higher for group 1 subjects
(45.2%, N=1,309 of 2,893) than for group 2 subjects
(24.3%, N=37 of 152) (χ2=14.61, df=1, p<0.001, Co-
hen’s d=0.20 [small effect size]). Relatives of probands
were used to avoid counting an individual more than
once if he or she was related to multiple subjects in this
family study, and only personally interviewed relatives
were evaluated to optimize the quality of the informa-
tion used.

Table 4 shows self-reported alcohol-related physical
and emotional problems among the subjects in group 1
and group 2. Group 1 subjects reported higher frequen-
cies of each of the physiological difficulties associated
with alcohol use and a higher mean number of the seven

items endorsed. The evaluation of psycho-
logical problems reported to have oc-
curred during periods of heavy drinking
yielded similar conclusions. Consistent
with evidence of greater levels of alcohol-
related medical and psychological impair-
ment, a higher proportion of group 1 sub-
jects had sought help from professionals,
had taken psychiatric medications, and
had attended self-help groups or more
structured treatment programs for alcohol
difficulties. Related to these general data is
the higher lifetime prevalence of depen-
dence on one or more drugs other than al-
cohol for individuals in group 1.

The higher prevalence of alcohol-related
(or alcohol-induced) psychiatric symp-
toms raises the possibility that group 1
members might also evidence a higher rate
of axis I major psychiatric disorders or of
antisocial personality disorder than group
2 subjects. Table 5 displays the rates of in-
dependent psychiatric disorders in the two
groups, showing that while the lifetime
histories of each major axis I diagnosis
were similar for the subjects with and
without physiological dependence, group
1 had a significantly higher rate of antiso-
cial personality disorder. The rates of two
psychiatric syndromes observed only in
the context of substance dependence (in-
duced disorders) were significantly higher
in group 1: major depressive disorder and
antisocial personality disorder. The latter
finding indicates subjects who only met
antisocial personality disorder criteria
when life events that occurred solely in the
context of heavy alcohol use were also
counted.

While tables 1–5 demonstrate that a history of physi-
ological dependence on alcohol is associated with several
demographic, general medical, alcohol use, alcohol prob-
lem, and comorbid psychiatric pictures, the data to this
point do not allow an evaluation of the importance of
characteristics from each domain if considered in the
context of the others. Therefore, we carried out a logistic
regression analysis, using characteristics from each
domain that were significantly different between groups
1 and 2 and that we felt, a priori, summarized the key
findings in a table or were potentially clinically relevant.
Items only available for a subset of subjects (e.g., propor-
tion of interviewed relatives of probands who were alco-
hol-dependent) were not included, nor were items felt to
demonstrate small, even though statistically significant,
differences. As shown in table 6, the specific items entered
into the logistic regression to predict group 1 member-
ship (physiological dependence) included whether the
subject was a proband, demographic factors (male gen-
der and currently being married), health problems (num-
ber of lifetime general health problems endorsed), and

TABLE 2. General Medical Problems in 3,395 Alcohol-Dependent Subjects With and
Without Physiological Dependence

Physiological Dependence

Variable

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446) Analysisa

N % N % χ2 b df

Self-rating of current health  6.55 4
Excellent 547 18.6 92 20.7
Very good 981 33.3 161 36.3
Good 900 30.5 132 29.7
Fair 396 13.4 47 10.6
Poor 123 4.2 12 2.7

Lifetime occurrence of
physical health problems
Elevated blood pressure 810 27.5 111 25.0  1.10 1
Head injury 1,114 37.8 122 27.5 17.35** 1
Concussion 837 28.4 82 18.5 18.70** 1
Epilepsy or seizure 221 7.5 10 2.3 15.93** 1
Stroke 49 1.7 6 1.4  0.08 1
Hardening of the arteries 38 1.3 11 2.5  3.03 1
Heart disease 141 4.8 25 5.6  0.42 1
Liver disease 217 7.4 11 2.5 13.93** 1
Asthma 321 10.9 62 14.0  3.32 1

Mean SD Mean SD t df
Number of health problems

endorsed 1.3 1.3 1.0 1.1  4.43** 3,388
Number of times hospitalized

overnight for medical reasons 3.1 4.9 3.4 7.2  1.21 3,388
Number of times surgery was

received 1.0 2.6 1.0 1.3  0.26 3,387
Number of emergency room

visits due to accident/injury 4.5 8.0 3.5 6.8  2.54* 3,384
Number of medical visits in

the past 6 months 2.5 5.5 2.4 4.7  0.43 3,384

aThe effect size for all significant chi-square and t values was small (Cohen’s w=0.10
for chi-square; Cohen’s d=0.20 for t).

bYates’s correction was used where appropriate.
*p<0.01. **p<0.001.
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the maximum number of
drinks ever consumed in 24
hours. Five additional items
relating to the course of alco-
holism were also incorpo-
rated, including the number
of the 26 possible general al-
cohol-related life problems
endorsed, the number out
of the six remaining DSM-
III-R dependence items that
occurred, the number of al-
cohol-related physical prob-
lems, the number of emotion-
al problems, and a history of
seeking help for alcohol de-
pendence. The final three items
entered into the logistic re-
gression were a lifetime his-
tory of an independent diag-
nosis of antisocial personality
disorder, ever being dependent
on another drug, and a his-
tory of a substance-induced
major depressive episode.

The regression analysis re-
vealed that six of the 13 pre-
dictor items contributed sig-
nificantly, with the results
explaining 17.1% of the
variance (the pseudo R2) in
group membership. The six
predictors included a meas-
ure of higher levels of inten-
sity of drinking, all of the
measures of alcohol-related
life problems, and proband
status. The logistic regression
analysis revealed that the
demographic items, the meas-
ure of general health prob-
lems, a history of inpatient
treatment for alcoholism,
and other diagnostic items
did not contribute to the pre-
diction of physiological de-
pendence when evaluated in
the context of the other items.
In this regression analysis,
findings for all items were in
the predicted direction ex-
cept for the number of DSM-III-R items endorsed, in
which case the sign reflected the impact of a suppressor
variable.

Several additional analyses were carried out to evalu-
ate further the applicability of the logistic regression
findings to potentially important subgroups. Not sur-
prisingly, when a logistic regression was carried out
separately for men and women, similar items predicted
physiological dependence in the same direction. The

predictors functioned similarly for subjects with and
without antisocial personality disorder, and similar re-
sults were observed for probands (index cases) and
nonindex family members. The ability of the logistic
regression analysis to predict group membership
among nonindex cases might indicate that the results
are relevant to persons who met criteria for alcohol de-
pendence but were not as severely incapacitated as the
original probands. The applicability of the results to

TABLE 3. Alcohol Histories of 3,395 Alcohol-Dependent Subjects With and Without Physiological
Dependence

Physiological Dependence

Variable

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446) Analysis

Mean SD Mean SD t df
Alcohol use history

Age when first drank regularly (years) 17.2 4.9 18.5 4.9  5.17**a 3,389
Age at first intoxication (years) 15.5 4.3 16.7 4.8  5.16**a 3,386
Highest number of drinks in 24 hours 29.7 19.2 18.7 12.3 11.76**b 3,393
Longest abstinence (months) 26.4 48.1 22.3 40.7  1.68 3,391
Number of abstinent periods  4.1 7.7  5.8 10.2  3.52**a 2,504

N % N % χ2 c df

Ever abstinent at least 3 months 2,221 75.3 316 71.1   3.53 1
Alcohol problem history

Repeated attempts to cut down 2,334 79.2 358 80.3   0.23 1
Morning drinking 1,089 36.9 32 7.2 153.72** 1
Thought only of drinking 1,294 43.9 43 9.6 188.94** 1
Binged for 2 or more days 1,740 58.0 92 20.6 215.60** 1
Broke abstinence promise 2,752 93.3 407 91.3   2.24 1
Broke time limits for drinking (of subjects

never breaking abstinence promise) 40 20.4 6 15.4   0.25 1
Became drunk when promised not to 2,240 76.0 281 63.0  33.48** 1
Much time using/recovering 1,727 58.6 110 24.7 177.92** 1
Rigid pattern of use 1,402 47.5 57 12.8 189.61** 1
Repeated objections from family/friends 2,237 75.9 265 59.4  53.17** 1
Repeated problems with family/friends 2,044 69.5 236 53.0  47.05** 1
Lost friends 685 23.2 20 4.5  81.59** 1
Problems in love relationship 1,769 60.0 148 33.3 111.47** 1
Repeated school/work problems 1,321 44.8 80 17.9 114.19** 1
Repeated interference with work/school 1,691 57.3 115 25.8 153.69** 1
Repeated arguments when drinking 2,189 74.2 285 63.9  20.38** 1
Repeatedly hit/threw things 1,484 50.4 127 28.5  73.50** 1
Repeatedly hit people 1,392 47.2 128 28.7  52.89** 1
Drank nonbeverage alcohol 281 9.5 13 2.9  20.60** 1
Made drinking rules 1,288 43.7 115 25.8  50.41** 1
Repeatedly gave up activities 1,524 51.7 86 19.3 161.77** 1
Used alcohol in hazardous situations 2,691 91.3 387 86.8   8.66* 1
Drunk driving arrest 1,061 36.0 103 23.1  27.97** 1
Other alcohol-related arrest 954 32.4 78 17.5  39.74** 1
Drunk driving accident (of subjects with no

drunk driving arrest) 573 30.4 67 19.5  16.08** 1
Other alcohol-related accident 1,474 50.0 123 27.6  77.16** 1

Mean SD Mean SD t df

Number of above alcohol problems endorsed 13.3 5.8 8.4 3.6 17.28**d 3,393
Number out of six DSM-III-R criteria endorsed  4.4 1.5 3.3 1.1 13.91**d 3,393

aSmall effect size (Cohen’s d=0.20)
bMedium effect size (Cohen’s d=0.50).
cYates’s correction was used where appropriate. The effect size for all significant chi-square values was
small (Cohen’s w=0.10).

dLarge effect size (Cohen’s d=0.80).
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probands (a sample of unrelated subjects) indicates that
the findings are not merely a reflection of having stud-
ied genetically related individuals.

The major aim of this study was to evaluate the po-
tential clinical relevance of the DSM-IV distinction be-
tween the presence and absence of physiological de-
pendence defined as evidence of tolerance and/or
withdrawal. However, as noted earlier, the two phe-
nomena of tolerance and withdrawal might not repre-
sent a unitary concept (15, 16). Therefore, the logistic
regression was carried out separately for the 1,434
group 1 subjects who evidenced tolerance alone, and
then for the 1,515 who reported withdrawal or use of
substances to relieve or avoid withdrawal symptoms.
Regarding tolerance alone, exactly the same items as
those in table 6 significantly predicted group 1 mem-
bership. However, the results, while significant, ex-

plained only 5.4% of the variance. A
separate logistic regression with
group 1 defined as showing evidence
of withdrawal also revealed items
similar to those in table 6, with the
exception that a history of treatment
for alcoholism became significant,
while the number of DSM-III-R
items endorsed was not. Here, how-
ever, the results explained 52.3% of
the variance.

DISCUSSION

This study tested the potential
clinical relevance of the DSM-IV ap-
proach of subtyping individuals with
dependence into subgroups with and
without histories of tolerance and/or
withdrawal. The data consistently
indicate that the physiological char-
acteristics of dependence denote a
group with a more severe course of
alcoholism, a conclusion that might
be especially relevant to subjects
with histories of withdrawal.

There are several levels of support
for the clinical relevance of the contin-
ued distinction between alcohol-de-
pendent individuals with and without
a physiological component. First,
over 13% of the subjects denied hav-
ing ever met criteria for physiological
dependence, and 48.7% gave no his-
tory of withdrawal symptoms. This
suggests that the physiological distinc-
tion might identify a subgroup of a
size that is clinically relevant. Second,
the demographic similarity between
groups in the logistic regression indi-
cates the possibility that the clinical
distinction based on physiological

symptoms might have a broad clinical application.
Alcohol-dependent subjects who reported a physi-

ological component demonstrated more alcohol-related
problems and more intense alcohol use than subjects
without a physiological component. They had higher
levels of alcohol intake, noted twice the number of al-
cohol-related physiological complications, and had five
times the rate of alcohol-induced emotional or psychi-
atric symptoms. These indicators of severity were inde-
pendent of gender and antisocial personality disorder
status and appeared applicable to both index and non-
index cases. These results are consistent with a report
by Bucholz et al. (31), who interpreted the data from a
latent class analysis as indicating that alcohol depen-
dence is distributed on a spectrum of severity, with
physiological dependence representing a relatively dis-
tinct group of persons at the more severe extreme.

TABLE 4. Alcohol-Related Emotional and Physical Problems in 3,395 Alcohol-Dependent
Subjects With and Without Physiological Dependence

Physiological Dependence

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446)

Analysis:
Variable N % N % χ2 (df=1)a

Alcohol-related physical problemsb

Blackouts 2,289 77.7 282 63.2  43.06***
Other memory problems 885 30.0 19 4.3 130.17***
Liver disease 226 7.7 2 0.5  31.06***
Stomach disease/vomit blood 287 9.7 5 1.1  35.46***
Pancreatitis 84 2.9 2 0.5   8.10**
Cardiomyopathy 44 1.5 1 0.2   3.84*
Peripheral neuropathy 284 9.6 0 0.0  45.63***

Continued to drink despite problems 1,169 39.6 32 7.2 177.20***
Alcohol-related emotional problemsc

Depression 1,329 45.1 64 14.4 149.80***
Anxiety 907 30.8 19 4.3 135.78***
Confusion 1,058 35.9 36 8.1 135.96***
Paranoia 740 25.1 19 4.3  95.72***
Hallucinations 354 12.0 5 1.1  47.38***

Ever sought help from a
medical/psychiatric professional 1,772 60.1 140 31.4 128.53***
Medical physician 1,012 34.3 58 13.0  81.60***
Psychiatrist 1,059 35.9 62 13.9  83.86***
Psychologist 837 28.4 61 13.7  42.31***
Other mental health professional 1,424 48.3 96 21.5 111.14***
Clergy 487 16.5 27 6.1  32.18***

Took medication 1,297 44.0 173 39.0   3.85*
To feel less nervous 866 29.4 110 24.8   3.81*
To help sleep 708 24.1 84 18.9   5.39*
To feel less depressed 736 25.0 81 18.2   9.24**

Ever treated for a drinking problem 1,764 59.8 121 27.1 166.29***
Alcoholics Anonymous or other self-help

program 1,577 53.5 102 22.9 143.95***
Outpatient alcohol treatment program 926 31.4 44 9.9  86.98***
Inpatient alcohol treatment program 1,437 48.7 80 17.9 147.36***

Ever dependent on drugs other than alcohol 1,556 53.0 165 37.2  37.91***

aYates’s correction was used where appropriate. The effect size for all significant chi-square
values was small (Cohen’s w=0.10).

bOf these seven problems, group 1 had a mean of 1.4 (SD=1.1) and group 2 had a mean of
0.7 (SD=0.6) (t=13.07, df=3,393, p<0.001; Cohen’s d=0.50 [medium effect size]).

cOf these five problems, group 1 had a mean of 1.5 (SD=1.7) and group 2 had a mean of 0.3
(SD=0.8) (t=14.35, df=3,393, p<0.001; Cohen’s d=0.80 [large effect size]).

*p<0.05. **p<0.01. ***p<0.001.
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The group differences reported here are
of a greater magnitude than might have
been expected from the rather scant avail-
able literature. Several studies have re-
ported little evidence of greater severity for
alcoholic subjects with tolerance and/or
withdrawal, but those subjects were origi-
nally chosen because of their involvement
with cocaine, not alcohol (9, 10). In addi-
tion, the present study used the Semi-
Structured Assessment for the Genetics of
Alcoholism, a more detailed and intensive
evaluation of the alcoholic course than the
Addiction Severity Index. The present
work also provided a separate evaluation
of lifetime general medical problems
(which did not differentiate groups 1 and
2 in the regression analysis) versus specific
alcohol-related psychiatric or physical
problems (which did distinguish between groups). The
other studies (9, 10) also reported little evidence that
physiological dependence was related to severity of co-
caine dependence, although several of the Addiction Se-
verity Index scales indicated that at least some level of
enhanced severity might be associated with the diagnos-
tic distinction. In those studies, follow-up of a subset of
94 subjects revealed that the correlation between Ad-
diction Severity Index score for psychiatric symptoms
and evidence of physiological dependence was 0.42.
These prior generally negative results indicate the need
for further study of individuals dependent on drugs
other than alcohol, analyses that will be the focus of
another paper.

The present data also indicate that more research is
needed regarding the definition of physiological depen-
dence. While similar items were associated with group
1 membership when tolerance alone, dependence
alone, or their combination was used, the items ex-
plained the highest proportion of the variance when
withdrawal was the criterion. This might indicate that
the most severe clinical course and, thus, the most rele-

vant clinical definition of a physiological component
of dependence rests with a definition that includes evi-
dence of withdrawal.

Our results must be considered in the context of the
methods used. First, the data test the DSM-IV distinc-
tion, and additional analyses will be needed to see
whether any other combination of DSM items better
identifies a subgroup with a more severe course. Sec-
ond, the present analyses are cross-sectional and offer
no information regarding the implications of tolerance
and withdrawal for the future clinical course among al-
cohol-dependent individuals. However, the Collabora-
tive Study on the Genetics of Alcoholism investigation
has recently initiated a 3- to 5-year follow-up of sub-
jects that should help address this issue more directly in
the future. The third caveat is the need to recognize rela-
tively unique aspects of the Collaborative Study on the
Genetics of Alcoholism sample, including the high fre-
quency of alcohol dependence observed in the pro-
bands’ families and the procedures used to select con-
venient comparison subjects and families across the six
sites. However, in the present sample, the apparent re-

TABLE 5. Rates of Independent Psychiatric Disorders Among Alcohol-Dependent Subjects With and Without Physiological Dependence

Independent Diagnosis Substance-Induced Diagnosis

Physiological Dependence Physiological Dependence

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446)

χ2

Present
(Group 1)
(N=2,949)

Absent
(Group 2)
(N=446)

χ2

Psychiatric Disorder N % N % (df=1)a N % N % (df=1)a

Major depressive disorder 429 14.6 63 14.2  0.04 929 31.7 98 22.0 16.66**
Bipolar manic-depressive disorder 73 2.5 7 1.6  1.06 54 1.9 6 1.4  0.31
Panic disorder 144 4.9 22 5.0  0.00 36 1.2 2 0.5  1.45
Social phobia 108 3.7 11 2.5  1.31 29 1.0 3 0.7  0.14
Obsessive-compulsive disorder 69 2.4 7 1.6  0.73 0 0.0 0 0.0
Agoraphobia 68 2.3 5 1.1  2.06 52 1.8 5 1.1  0.62
Antisocial personality disorder 515 17.6 42 9.6 17.21** 105 3.6 6 1.4  5.22*

aYates’s correction was used for all chi-square values. The effect size for all significant chi-square values was small (Cohen’s w=0.10).
*p<0.05.  **p<0.001.

TABLE 6. Logistic Regression Analyses for Characteristics of Alcohol-Dependent
Subjects With Physiological Dependence

Variable

Standard
Regression 
Coefficient

χ2

(df=1)
Odds 
Ratio

Proband status  0.17 11.68* 1.87
Male gender  0.03  0.91 1.06
Married –0.05  3.18 0.91
Number of general health problems –0.02  0.33 0.97
Highest number of drinks in 24 hours  0.34 27.56** 1.03
Number of alcohol-related problems  0.32 19.11** 1.10
Number of DSM-III-R items endorsed –0.18 10.20* 0.80
Number of alcohol-related physical problems  0.23 18.37** 1.47
Number of alcohol-related emotional problems  0.40 36.35** 1.55
Ever treated for a drinking problem –0.02  0.13 0.97
Antisocial personality disorder –0.03  0.55 0.93
Substance-induced major depression –0.05  1.89 0.91
Ever dependent on drugs other than alcohol –0.01  0.09 0.98

*p<0.01.   **p<0.0001.
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lationship between group 1 membership and evidence
of a more severe alcoholic course appears to be true for
both men and women, for index versus nonindex cases,
and for individuals with and without antisocial person-
ality disorder, indicating a probability that the findings
are generalizable to other clinical and nonclinical sam-
ples. An additional methodological consideration is the
a priori approach we used to select the items for com-
paring group 1 and group 2 subjects. However, the
items were chosen to have clinical relevance, and the
results are internally consistent. Finally, while the logis-
tic regression explained 17.1% of the variance, that fig-
ure indicates that many other factors are related to the
diagnostic distinction, and there is still a great deal to
be learned.

In conclusion, one potentially important attribute of a
diagnostic distinction is its ability to identify a population
with a relatively unique clinical course (32). Thus, the
present findings provide evidence supporting the designa-
tion of alcohol dependence with and without a physi-
ological component. Physiological dependence appears
to indicate greater levels of involvement with alcohol and
more associated problems, supporting the contention
that this distinction proposed by DSM-IV might have
clinical validity and deserves further study.
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