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Abstract
Background—A low level of response (LR) to alcohol has been shown to relate to a higher risk
for alcohol use disorders (AUDs). However, no previous research has examined the association
between LR and the development of AUDs in the context of additional robust risk factors for
AUDs. This study evaluated whether LR and other related characteristics predicted the occurrence
of AUDs across adulthood using discrete-time survival analysis (DTSA).

Methods—297 probands from the San Diego Prospective Study reported on the LR to alcohol, a
family history (FH) of AUDs, the typical drinking quantity, the age of drinking onset, the body
mass index and the age at the baseline (T1) assessment. Alcohol use disorders (AUDs) were
evaluated at the 10-year (T10), T15, T20, and T25 follow-ups.

Results—A low LR to alcohol predicted AUD occurrence over the course of adulthood even
after controlling for the effects of other robust risk factors. Interaction effects revealed that the
impact of FH on AUDs was only observed for subjects with high T1 drinking levels, and probands
with high T1 drinking were at high risk for AUDs regardless of their age of onset.

Conclusion—The findings illustrate that LR is a unique risk factor for AUDs across adulthood,
and not simply a reflection of a broader range of risk factors. The continued investigation of how
LR is related to AUD onset later in life will help inform treatment providers about this high-risk
population, and future longitudinal evaluations will utilize DTSA to assess rates of AUD
remission as well as the onset of drinking outcomes in adolescent samples.
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I. Introduction
A low level of response (LR) to alcohol is one of several endophenotypes related to a higher
risk for the alcohol use disorders (AUDs) of abuse and dependence (Schuckit, 2009). A low
LR is indicated by either a low intensity of reaction to alcohol at a given blood alcohol
concentration (BAC) on an alcohol challenge (Schuckit and Gold, 1988; Schuckit & Smith,
2000), or as a retrospective report of the need for more drinks for effects earlier in life
(Schuckit et al., 1997a, 1997b). This lower intensity of response relates to heavier alcohol
intake even among relatively light and infrequent drinkers as young as age 12 (Schuckit et
al., 2008a; 2008b). In all studies to date, a lower LR earlier in life predicted later heavier
drinking and alcohol problems even after controlling for alcohol intake and pattern of
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problems at the time the response to alcohol was measured (Schuckit, 2009; Schuckit et al.,
2008a; 2008b; Schuckit et al., in press; Volavka et al., 1996). The ability to control for
baseline quantity is an important step to minimize the possibility that a low LR reflects
tolerance acquired through a prior pattern of heavier drinking. The heritability of LR as
established through family or twin studies is between 40% and 60% (Schuckit et al., 2001;
Schuckit et al., 2005; Schuckit et al., 2006).

Within a structural equation framework, a low LR to alcohol was related to the family
history (FH) of AUDs, and was associated with heavier drinking and alcohol problems both
directly and as partially mediated by heavier peer drinking, alcohol expectancies, and the use
of alcohol to cope with stress (Schuckit et al., 2008a; 2008c; Schuckit et al., in press).
Therefore, in light of the 40% or more contribution of environment to LR, the relationship
between a low LR and later alcohol problems is best considered in the context of additional
characteristics that relate to future AUDs. These include the FH of AUDs with studies
demonstrating that the link between LR and alcohol outcomes tends to be stronger in family
history positives (Schuckit & Smith, 1996), perhaps reflecting other risk factors in addition
to LR (Schuckit, 2009), LR partially mediates the relationship between FH and adverse
alcohol outcomes (Cotton, 1979; Jacob et al., 2003; Jennison & Johnson, 1998; Ohannassian
et al., 2004; Schuckit et al., 2005; Schuckit & Smith, 2000). The familial pattern of AUDs is
also associated with an earlier onset of drinking, which itself predicts a higher risk for future
alcohol-related difficulties (Grant & Dawson, 1997; McGue et al., 2001; Obot et al., 2001;
Prescott & Kendler, 1999; Seljamo et al., 2006; Warner et al., 2007; York et al., 2004).
Earlier onset of alcohol use also relates to a range of additional problems including physical
fights, driving arrests, drug use, and other antisocial behaviors (Hingson et al., 2001; King &
Chassin, 2007; Kuperman et al., 2001; McGue et al., 2001). Studies have reported that once
drug use and antisocial characteristics are considered, the relationship between an early
onset of drinking and alcohol outcomes is likely to diminish (Dawson et al., 2008; King &
Chassin, 2007; Kuperman et al., 2001; Labouvie & White, 2002).

Another characteristic associated with both LR and alcohol outcomes is heavier drinking
and drug use earlier in life (Schulenberg & Maggs, 2008; Trim et al, 2008). The intake of
alcohol can decrease the LR to alcohol, perhaps through the development of tolerance, and
prior substance use patterns have been used as covariates in evaluations of LR (Eng et al.,
2005; Schuckit & Gold, 1988). A person’s age is also important because the risk for heavy
drinking and AUDs increases during adolescence and subsequently diminishes after age 30
(Hingson et al., 2008; Nelson et al., 1998), and the average age of onset of alcohol
dependence is in the mid-20’s, although earlier problems are likely to be seen for men with
preexisting antisocial problems (Liu et al., 2004; Ohannessian & Hesselbrock, 1993;
Schuckit et al., 1998; Schuckit & Smith, 2001; Slutsky et al., 1998). Increasing age can also
relate to a higher LR through higher blood alcohol concentrations (BACs) per drink due to
higher body fat (with lower proportions of body water), slightly slower metabolism of
alcohol, and increased brain sensitivity to depressant drugs with advancing age (Kalant,
1998; Lynsky et al., 2003; Wang et al., 2001).

Reflecting these data, LR has been compared across higher and lower AUD risk groups
(e.g., children of alcoholics vs. FH negative subjects) while controlling for age, the number
of years of drinking, percent body water, and the prior pattern of the use of alcohol and other
drugs (Schuckit & Gold, 1988; Schuckit & Smith, 2000). However, while alcohol outcomes
associated with a low LR have been documented in recent longitudinal evaluations (Trim et
al., 2008), the associations between LR and the development of AUDs over time has not yet
been fully examined. Also, potential interactions among predictors of AUDs in the context
of a low LR have rarely been evaluated.
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Therefore, this paper evaluated the relations between LR and other related risk factors (FH
of AUDs, the age of drinking onset, prior drinking quantities, age, and body mass index) on
the occurrence of AUDs across adulthood using discrete-time survival analysis (DTSA) with
probands from the ongoing San Diego Prospective Study. Our primary hypothesis was that a
low LR to alcohol would relate to the occurrence of AUDs across adulthood even after
controlling for other robust risk factors for AUDs. We also expected that a positive FH of
AUDs, early drinking onset, and higher levels of baseline drinking would all predict AUD
occurrence. Furthermore, we proposed several interactions among the risk factors for AUDs
including: an enhanced association for all risk factors on AUDs within FHP subjects,
reflecting the fact that risk for AUDs is heterogeneous and FHP subjects with additional risk
factors would be at increased risk for heavier drinking and AUDs in adulthood (Schuckit,
2009); higher levels of baseline typical quantity of alcohol use would facilitate and amplify
the impact of other risk factors on AUDs by creating an environment in which those
predictors would be likely to have a greater impact on problematic drinking; and an earlier
onset of drinking would amplify the impact of additional risk factors through the lack of
experience and less intense executive control likely to be observed in earlier adolescence
(Brown et al., 2008).

II. Materials and Methods
Participants

These probands were originally recruited as 18–25 year old (mean age ~20) Caucasian
drinking but not alcohol dependence men through questionnaires mailed to random students
and nonacademic staff at the University of California, San Diego between 1978 and 1988
(Schuckit & Gold, 1988; Schuckit & Smith, 2000). Potential participants were subsequently
evaluated in person with a semi-structured interview based on the Renard Diagnostic
Interview and the Structured Clinical Diagnostic Interview (SCID) of the Diagnostic and
Statistical Manual of Mental Disorders (DSM; American Psychiatric Association, 1987). All
probands participated in an alcohol challenge with 0.75ml/kg (0.61gm/kg) of ethanol,
consumed over 8–10 minutes, to evaluate their LR over three hours through self reports of
subjective feelings of intoxication, alterations in body sway/standing steadiness, and
alcohol-related changes in cortisol (Schuckit & Gold, 1988; Schuckit & Smith, 2000).

All 453 men were located approximately 10 years (T10) after the initial testing when 99%
completed semi-structured interviews about their interval alcohol and drug use, and
corroborating data was gathered from an additional informant, usually a spouse. At the 15
year followup (T15), 98% of the original subjects and resource persons were evaluated using
an interview expanded to include material from the Semi-Structured Assessment for the
Genetics of Alcoholism (SSAGA) instrument and to gather information about additional
areas of functioning including peer drinking, alcohol expectancies, and drinking to cope
(Bucholz et al., 1994). The same data collection methods were used to gather information on
these variables during the 20-year follow-up (T20, approximately 96% retention), and as
part of the ongoing 25 year followup (T25) protocol with an estimated 94% data retention
over the 25 years.

Measures
Level of Response to Alcohol—The LR value used here was obtained during a
traditional alcohol challenge at T1 (~age 20; Schuckit & Gold, 1988; Schuckit & Smith,
2000). Changes in self-report of subjective feelings of intoxication, body sway/standing
steadiness, and cortisol levels from before the drink to 60 minutes after consuming the
alcohol (the usual time of peak blood alcohol concentration) were converted to z-scores
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relative to other individuals tested in the laboratory. The overall LR z-score was log-
transformed for these analyses due to the right skewness of this variable.

Family History of Alcoholism—Probands reported on the presence of DSM-III-R
alcohol abuse and dependence in their parents at T1 using an instrument similar to the
Family History Module (FHAM) from the Collaborative Study on the Genetics of
Alcoholism (COGA) protocol. The FHAM has a specificity of 98% and a positive predictive
value of about 50%, with a positive indication associated with a 13.6 odds ratio of a
diagnosis for the relative at interview (Rice et al., 1995).

Typical Alcohol Quantity—This continuous variable is the baseline self-reported typical
number of standard (10–12g of ethanol) drinks per drinking occasion over the 6-months
prior to the T1 interview. This variable is included to help ensure that the LR result is not a
consequence of prior heavy drinking and acquired tolerance.

Age of Drinking Onset—At T1, probands self-reported the age at which they first
consumed at least one standard drink.

Body Mass Index (BMI)—BMI at baseline was calculated from proband’s height (in
inches) and weight (in pounds) using the formula: (Weight × 703)/(Height2).

Age—The proband’s chronological age at T1.

Alcohol Use Disorders (AUDs) at T10/T15/T20/T25—Probands were assessed for
lifetime DSM-III-R alcohol abuse and dependence at each follow-up using an interview
similar to the SSAGA instrument. If positive for AUD, the instrument probed the earliest
age at which diagnostic criteria were met for AUD. That interview has Cronbach’s alpha >.
85, 1-wk reliabilities ~.8 for substance disorders, and correlations with diagnoses from the
SCAN average ~.7 (Bucholz et al., 1994). Through the T25 assessment, 35.0% of this
sample had been diagnosed with an AUD at some point in their lifetime.

Data Structure
In order to estimate the DTSA models in a latent variable framework, the raw data were
prepared as outlined by Muthen & Masyn (2005). Since there was considerable age
heterogeneity at each measurement wave, we modeled the hazard/survival curves as a
function of age rather than of measurement occasion. A total of 37 binary time-specific
event indicators were constructed to reflect yearly intervals between the youngest proband
age at baseline interview (20 years) to the oldest proband age at the most recent interview
(55 years) for this subsample (note that those probands aged 18–19 at baseline had not yet
been interviewed at the current T25 assessment). For reasons of model parsimony and
interpretation, these yearly intervals were then collapsed into five-year intervals resulting in
seven age categories (referred to as w1–w7): 20–24, 25–29, 30–34, 35–39, 40–44, 45–49,
50–55 years (this also helped ensure convergence during model estimation). The proband
was considered to have experienced the event of interest (AUD occurrence) at the earliest
age they met criteria for AUD, designated by a “1” score on the binary time-specific event
indicator for the corresponding age interval; prior intervals were scored “0” to reflect no
event, and subsequent intervals were scored “99” to reflect missing due to having
experienced the event. For example, the event history for a proband with AUD onset at age
31 would be [0, 0, 1, 99, 99, 99, 99]. Right-censoring occurred when a proband did not
report an AUD onset by the T25 assessment (mean age 47 years). Such probands would
have “0” scores for all intervals that included up to their age at most recent interview, with
any subsequent intervals being considered missing with a score of “99”. For example, the
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event history for a proband with no AUD onset by age 43 would be [0, 0, 0, 0, 0, 99, 99].
The frequency of right-censored probands across the age intervals was: 0 for w1–w4, 1 for
w5, 42 for w6, and 152 for w7. This illustrates a relative sparseness of data at the last age
interval (50+ years) due to the fact that the average proband age during the most recent
assessment (T25) was 47 years. It should be noted that since no probands met criteria for
AUD at the baseline interview (per screening requirements), no left-censoring was needed
for the current analyses.

Data Analytic Approach
The relations between baseline covariates and the outcome of AUDs were evaluated with a
series of discrete-time survival analyses (DTSA) conducted using a latent hazard function
representing the event time distribution. The discrete-time hazard is the conditional
probability that an individual will be diagnosed with an AUD in a time period, given that he
was not diagnosed in any earlier time period (Singer & Willett, 2003). The DTSA model has
been described as “a number of logistic regressions fitting the incremental probability of
survival” (page 185; Asparouhov et al., 2006), which informs both whether and when an
event of interest (here, an AUD diagnosis) occurs. A related indicator of event occurrence is
the survival function, which is the sample’s cumulative probability of not being diagnosed
with an AUD over time, and which is expressed as a function of the hazard function
(Muthen & Masyn, 2005). This survival function has been shown to approximate the Cox
regression model used in traditional continuous time survival models, and is preferred when
the data are categorical and the number of categories is less than 20 (Asparouhov et al.,
2006).

The modeling approach followed procedures outlined by Muthen & Masyn (2005) wherein
conventional DTSA is considered a special case within the general latent variable
framework which corresponds to a single-class latent class analysis with binary time-
specific event indicators. The first step was to fit an unconditional survival model that
included only the seven binary time-specific event indicators for the occurrence of AUDs
across adulthood. The constant hazard assumption was then evaluated by comparing the
unconditional survival model, which allowed the hazard rate to vary across time, to a model
that constrained the hazard rate to equality across intervals using a likelihood-ratio test
(LRT) based on the model deviance statistics.

The next step evaluated the proportionality assumption for each of the covariates to
determine whether the covariate effects were identical across all time points. Proportionality
was assessed separately for each covariate by comparing a model with time-varying
covariate effects to a model that constrained the covariate effects to equality across time. If
the unconstrained covariate model fit better than the constrained model (based on LRTs), the
covariate violated the proportionality assumption. In subsequent analyses, proportionality
was relaxed for such covariates to allow for time-varying effects on the occurrence of AUD
across adulthood.

A multivariate model including all the covariates was then estimated such that the latent
hazard function with its seven binary time-specific event indicators was regressed on the set
of time-invariant covariates (all factor loadings fixed to 1.0 to reflect proportional covariate
effects across time) and any covariate that violated the proportionality assumption had freely
estimated regression paths on the binary time-specific event indicators to allow for time-
varying effects. The results of this model allowed interpretation for each individual covariate
effect on AUD occurrence after adjusting for all other covariates.

Follow-up analyses evaluated a series of statistical interactions in the DTSA model to
determine whether the linear additivity assumption had been violated. This assumption
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postulates that differences in the value of a predictor correspond to fixed differences in the
hazard rate, such that a predictor’s effect does not depend upon the values of other
predictors in the model. Following the procedure of Singer & Willett (2003), these analyses
were restricted to examine interactions among the robust risk factors of AUDs (LR to
alcohol, family history, baseline drinking, age of onset) as described previously. Each of the
six possible interactions was tested by creating a cross-product term and adding it to a model
that included both main effect covariates. This model was compared to a model excluding
the cross-product using LRT to determine whether the inclusion of each interaction
significantly improved model fit.

III. Results
These data were generated from the first 297 SDPS probands evaluated in the ongoing 25-
year (T25) follow-up of this longitudinal study. The current group is similar to those men
not yet eligible for the T25 assessment on education, income, religion, and drinks per
occasion at the prior followup (T20). Probands in the current sample were different from
those not yet evaluated on T20 measures of age (41.9 vs. 40.9 years, t(425)=3.32, p=.001),
ethnicity (2% vs. 6% white Hispanic, χ2(1)=4.87, p=.03), and marital status (75% married/
10% divorced vs. 82% married/3% divorced, χ2(2)=6.22, p=.04). At T25, the subjects
reported on here had a mean age 41.9 years; all were Caucasian (including 2% white
Hispanic subjects); they had completed an average of 17.5 years of education; 75% were
married or living as married, 10% were separated or divorced, 15% had never been married;
and regarding religion, 46% reported no preference, 30% were Protestant, 20% were
Catholic, and 4% reported another religion.

Table 1 reports descriptive statistics for all covariate predictors measured at the baseline
assessment (~age 20). In addition to the demographics described above, this subsample had
a mean LR score of −.47 which reflects a lower average LR than would be expected since
LR was converted to z-score at baseline for the full sample. 40% of the probands had a
parent meet criteria for AUD at T1. These subjects had an average of less than 3 drinks per
drinking occasion at T1, and an average onset of drinking at ~15 years. The mean BMI was
22 (in the “normal weight” range), and mean age ~23 years at T1. A third of the sample met
criteria for AUD by the T25 followup assessment.

Prior to analyses, all continuous variables were first centered (average score subtracted from
each raw score) to reduce confounds due to multicollinearity, and the binary variable of
family history was set to values of 0 and 1. All models were run in Mplus v5.1 (Muthen &
Muthen, 1998–2007) with full information maximum likelihood (FIML) estimation under
the assumption of data missing at random (MAR) with robust standard errors. In order to
increase confidence in the final maximum likelihood values, automatically generated
starting values with random perturbations (100 random sets of starting values with 10 full
optimizations) were used for all models described below.

Unconditional Survival Model
We first fitted an unconditional discrete-time survival model for the occurrence of AUDs
across adulthood in the probands using only the binary time-specific event indicators. The
estimated hazard function captured the conditional probability that an individual would be
diagnosed with an AUD in a given age interval given that he was not diagnosed in an earlier
interval, and this was used to calculate the survival function over time. Figure 1 illustrates a
steep decrease in survival curve of AUD occurrence in early adulthood that gradually
leveled out in the 30’s and 40’s. The probability of not having an AUD through age 55 in
this sample was .65. The constant baseline hazard assumption was next evaluated to assess
whether the hazard rate varied significantly across adulthood. The unconditional hazard
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model (with time-varying hazard rates) was found to significantly improve fit compared to a
model that constrained the hazard rate to equality (χ2 = 51.166, df=6, p<.001). Thus, the
constant baseline hazard assumption was rejected and the hazard function was allowed to
vary across age intervals in all models.

Univariate Covariate Effects
The next step evaluated the proportionality assumption for each of the covariates by
comparing a model with time-varying covariate effects (non-proportional) to a model that
constrained the covariate effects to equality (proportional). The only variable that resulted in
a significantly better model fit when allowed to vary across time was Time 1 age (χ2 =
33.108, df=6, p=.01). The parameter estimates and odds ratios for the univariate effects of
age (allowed to vary across time) and the other five covariates (assumed to be proportional)
are listed in Table 2 under the Univariate Effects heading. All covariate effects, except for
BMI, were significant in the expected direction: LR to alcohol and age of alcohol onset were
negatively related to the hazard function such that a low LR and an earlier age of alcohol
onset were associated with AUD occurrence; family history of AUD and T1 typical quantity
were positively related to the hazard function such that having an alcoholic parent and
higher levels of baseline drinking were associated with AUDs across adulthood; and there
was a negative relation between T1 age and AUD occurrence in the 20’s (significant in the
20–24 year range) such that an older age at the baseline interview was associated with a
lower occurrence of AUD; this trend reversed in subsequent years with an older age at
baseline interview becoming associated with a higher rate of AUD occurrence (significant in
the 45–49 year range). The parameter estimates listed for the age intervals represent the
negative logits of the hazard probability for each age interval and the corresponding
percentages listed under odds ratios are the probability of AUD onset for those probands not
considered missing at each age interval.

Full Multivariate Survival Model
Finally, we estimated all covariates simultaneously to determine each individual covariate
effect on AUD occurrence across adulthood after adjusting for all other covariates. Figure 2
illustrates the final multivariate model estimated in Mplus, with the binary time-specific
event indicators each regressed on T1 age to allow for time-varying effects, and the latent
hazard function (estimated from the seven binary time-specific event indicators) regressed
on the set of covariates assumed to be proportional across time. Note that the discrete-time
survival model is specified as a single-class latent class analyses (represented by the
constant latent class “c” variable) in order to obtain the logistic estimates of interest within
the SEM framework (Muthen & Masyn, 2005). The results of this model are found in Table
2 under the Full Model heading. After adjusting for all other covariates, the LR to alcohol
and Time 1 typical quantity were still significant predictors of the AUD occurrence in
adulthood, while the effects of family history (b=.39, p=.076) and age of onset (b=−.09, p=.
058) were reduced to marginal significance. Body mass index remained non-significant and
the effects of T1 age on the AUD hazard function remained significant in 20–24 and 45–49
age range, and became significant in the 50+ age range. The parameter estimates listed for
the age intervals represent the negative logits of the hazard probability for each age interval
and the corresponding percentages listed under odds ratios are the probability of AUD onset
for those probands with zero scores on all covariates (i.e. FHN probands with an average
score on all centered continuous covariates) not considered missing at each age interval.

Expressed in terms of odd ratios, the AUD occurrence among FHP subjects was 48% larger
than among FHN subjects (HR=1.48); probands with a 1-drink increase in T1 drinking
quantity were diagnosed with an AUD at a 41% higher rate than those with the lower T1
drinking quantity (HR=1.41); and those with a 1-year increase in age of drinking onset were
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diagnosed with an AUD at a 8% lower rate than those with the earlier age of drinking onset
(HR=0.92). The hazard ratio for the continuous LR score was difficult to place into
perspective due to prior standardization and log-transformation. Therefore, the full model
from Table 2 was re-run using a categorical measure of LR based on a median split of the
continuous LR score used in these analyses, revealing that the AUD rate among high LR
subjects was 53% smaller than among low LR subjects (HR=0.47).

Interaction Effects among Risk Factors
As described earlier, a set of follow-up analyses were conducted to determine whether the
linear additivity assumption could be confirmed regarding the robust risk factors examined
in these models. A total of six 2-way interactions were created from the alcohol-related
covariates of LR, family history, T1 typical quantity, and age of alcohol onset. Two
interactions yielded a significant LRT when included in the full model from Table 2: family
history by T1 quantity (χ2 = 4.146, df=1, p=.04; b=.30, p=.03) and age of onset × T1
quantity (χ2 = 4.464, df=1, p=.03; b=.07, p=.01). Thus, allowing for these interactions
improved overall model fit and there was evidence to reject the linear additivity assumption
for these covariate effects.

In order to better visualize these two significant interactions, a series of tables (not shown)
for the occurrence of AUD across adulthood was created using dichotomized subgroups of
the component covariates of the interactions. For these analyses, FH was still treated as a
binary category (FHN/FHP), while the age of drinking onset (<age 15 vs. 15+) and the T1
drinking quantity (< 3 vs. 3+) were dichotomized using a median split on each variable. For
each significant interaction, four subgroups were created from the variables described above,
with the survival function then calculated for each subgroup individually and graphed over
time. Figure 3 describes the development of AUDs over time by four combinations of the
FH and T1 drinking quantity groupings. If alcohol intake at ~age 20 was low, the survival
rate (i.e. those not diagnosed with an AUD by T25) was ~78% regardless of the FH. The
impact of FH, however, was apparent among the high T1 drinking quantity group where the
survival rate was lower for FHP (34%) compared to FHN (58%). Figure 4 illustrates the
survival curves of AUD for the combinations of T1 drinking quantity and the age of
drinking onset. Here, probands with high T1 drinking quantity, regardless of the age of
drinking onset, had the lowest survival rates of being diagnosed with an AUD at ~47%.
Those with an early onset and a low T1 drinking quantity had a survival rate of 71%, and the
probands with neither risk factor (i.e. late onset and low T1 quantity) had the highest
survival rate at 89%.

IV. Discussion
A low LR to alcohol has been related to a higher risk for alcohol use disorders in a wide
range of studies (Schuckit, 2009). This paper extends these findings by applying a discrete-
time survival analysis to more precisely identify the relation between a low LR measured
early in life and the occurrence of AUDs across adulthood.

The current results offer support for our primary hypotheses that a low LR to alcohol
predicts a higher rate of AUD onset over time in adult probands from the ongoing San Diego
Prospective Study. The effect of LR was present even after controlling for other robust risk
factors for AUDs, such as the FH of AUDs, the age of drinking onset, and baseline drinking
levels. The inclusion of baseline quantity as a covariate helps ensure that LR was not just a
consequence of earlier heavier drinking or tolerance. These data provide prospective
evidence that the LR to alcohol is a unique risk factor for alcohol-related problems, and not
simply a reflection or “marker” for a broader range of risk factors which influence adulthood
AUD (King et al., 2006; Trim et al., 2007).
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The use of discrete-time survival analyses offers a more clear analytic and graphical
depiction than previous studies regarding the patterns of onset of AUDs with increasing age
in this sample. Figure 2 illustrates that the greatest drop in the survival curve for the entire
sample occurs between ages 20 and 30, which is consistent with previous literature
identifying this period of early adulthood to be associated with the highest risk for alcohol
problems and AUD onset (Hasin et al., 2007;Kessler et al., 2005). While 69% of probands
who become diagnosed with an AUD in this sample did so before age 30, the number of
subjects with an onset of AUD after age 30 was still notable. Even though the rates of new
AUD diagnosis decreased later in life, 6% of probands in this subsample became newly
diagnosed after age 40. The continued investigation of the clinical profile and risk factors
associated with AUD onset later in life is important to the current ongoing study, and these
unique individuals may represent a relatively understudied high-risk population deserving of
further clinical attention (Jacob et al, 2005).

It should be noted that an early drinking onset, the baseline drinking quantity, and FH all
had significant univariate effects on AUD occurrence across adulthood; these relations
became marginal for FH and early drinking onset after adjusting for all other covariates.
This finding is consistent with a wide range of previous studies that have shown each of
these risk factors to be related to alcohol use and problems over time (Grant & Dawson,
1997; King & Chassin, 2007; Schuckit et al., 2008a). A younger baseline age predicted
AUDs in the early 20’s, which may identify a high-risk subgroup with a rapid onset of
alcohol problems even after indirectly controlling for the duration of the drinking career
with the age of onset covariate, while an older baseline age predicted AUDs in the late 40’s
and 50’s, which may reflect a smaller subgroup at risk for AUDs due to late-life
consequences associated with longer drinking careers. Body mass index (reflecting a
standardized weight to height ratio) was not associated with the AUD onset, which may
reflect the fact that original alcohol dose was based on weight and the two major risk groups
(based on FH) were matched on height to weight ratio.

The secondary hypotheses related to the prediction of interactions among the more robust
predictors of developing an AUD. Indeed, the FH of AUDs and baseline drinking did
interact such that the impact of FH was only observed for subjects with higher T1 drinking
levels. This may indicate that efforts to help children of alcoholics to keep their drinking
quantities low in the late teens and early adulthood may help decrease the AUD risk
associated with their FH. While it is also possible that additional characteristics such as
lower socioeconomic status (SES) and higher levels of antisocial behavior might have been
more prevalent in those with higher early drinking, these mechanisms may be less likely to
operate in the higher educated, higher income, more functional SDPS probands studied here.

Another interaction effect occurred wherein the presence of either early onset or high
baseline drinking (absent the other risk factor) independently increased AUD rates over
time, but the combined effects were no greater than those for high baseline drinking only. In
this regard, high baseline drinking appears to have subsumed any unique effects attributable
to early onset drinking, and the effects of early onset drinking on AUD occurrence in
adulthood may at least be partially mediated by drinking levels in early adulthood. It is also
interesting to note that there were no interactions with LR. Thus, at least within the SDPS
sample, LR appeared to function as a robust predictor of AUDs regardless of the presence or
absence of other risk factors.

While this longitudinal evaluation provides greater understanding of the unique impact of a
low LR to alcohol on the development of AUDs across adulthood, several caveats should be
noted. First, once probands were diagnosed at any given assessment they were considered to
have experienced that event even if their diagnosis remitted at subsequent assessments.
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Future survival-based studies will examine both the onset and offset of AUDs, possibly
using the “multiple spells” methodology which captures repeatable outcomes over time
(Lavori et al., 1996; Singer & Willett, 2003). The SDPS is in a unique position to follow-
through on such analyses with additional future data collection, as well as examine specific
characteristics that predict subsequent remission for probands diagnosed with AUD at the
first followup (T10). Second, the predictors were all taken from the baseline assessment to
ensure temporal precedence. While time-varying effects of these predictors were examined
(and allowed for in the case of T1 age) in the tests for proportionality, future studies will
expand on these findings by evaluating the effects of time-varying covariates measured at
the followups (i.e. proband drinking, peer drinking, drinking to cope) on AUD occurrence
using DTSA techniques. Third, the outcome of interest was based on retrospective reports of
the age of first meeting criteria for AUD, and reliability could be a concern due to the timing
gap between assessments (10 years for the first followup, 5 years for each subsequent
followup). However, there is recent evidence that retrospective report of similar drinking
measures is fairly stable and reliable well into the 50’s (Koenig et al., in press). Finally,
these results were drawn for a modest sized sample of high-functioning Caucasian males,
and future replications using women, non-Caucasians, and lower SES and more antisocial
groups are needed to establish the generalizability of these findings to more diverse
populations. The application of these DTSA models will also be critical in determining
whether LR measured in adolescence operates in a similar fashion for the onset of a range of
alcohol outcomes (i.e. onset of drinking, onset of negative consequences) using future
assessments of SDPS offspring.
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Figure 1.
Fitted survival probabilities for onset of AUD across adulthood (n=297).
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Figure 2.
Full DTSA model for AUD occurrence as estimated in Mplus. The hazard function (η) is
defined by the absence or presence of an AUD at each of the seven age intervals. The effects
of T1 age were allowed to vary across time; all other predictors were proportional and had
time-invariant effects on the hazard function. LR= Level of response to alcohol; FH= Family
history of AUDs at T1; Quant= T1 typical drinking quantity; Onset= Age of drinking onset;
BMI= Body Mass Index at T1; AGE= Age at T1 interview. Note that the latent variable “c”
reflects that a latent class analysis with one class (k=1) was used for estimation purposes.
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Figure 3.
Survival probabilities of AUDs by family history/T1 drinking quantity subgroups. Groups
were created by median split of T1 quantity (<3 drinks and 3+ drinks per occasion) and
FHP/FHN categories.

Trim et al. Page 16

Alcohol Clin Exp Res. Author manuscript; available in PMC 2010 September 29.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 4.
Survival probabilities of AUDs by age of drinking onset/T1 drinking quantity subgroups.
Groups were created by median split of age of drinking onset (<15 years and 15+ years) and
T1 quantity (<3 drinks and 3+ drinks per occasion) categories.
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