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Abstract

Background: Little is known about the risk of progressing to hazardous alcohol use in people who are abstinent or
low-risk drinkers.
Aim: To develop and validate a simple brief risk algorithm for the onset of hazardous alcohol drinking (HAD) over
12 months for use in primary care.
Design and setting: Prospective cohort study in 32 health centres from 6 Spanish provinces, with evaluations at
baseline, 6 and 12 months.
Methods: We measured 41 risk factors and used multilevel logistic regression and inverse-probability-weighting
to build the risk algorithm. Our outcome was new occurrence of HAD during the 12-month study, as measured by
the AUDIT. We recruited 3,954 adult abstinent or low-risk drinkers from the lists of 174 GPs belonging to the 32
health centres.
Results: The “predictAL-10” risk algorithm included just 9 variables (10 questions): province, gender, age,
cigarette consumption, perception of financial strain, having ever received treatment for an alcohol problem,
childhood sexual abuse, AUDIT-C and interaction AUDIT-C*Age. The c-index was 0.89(95%CI=0.85–0.92). The
optimal cut-off had a sensitivity=0.83 and specificity=0.80. The Copas shrinkage factor was 0.96 and calibration
plots showed an accurate goodness-of-fit. Excluding childhood sexual abuse from the model (the “predictAL-9”),
the c-index was 0.88(95%CI=0.85-0.91), sensitivity=0.79 and specificity=0.81. There was no statistically significant
difference between the c-indexes of predictAL-10 and predictAL-9.
Conclusion: The predictAL-10/9 is a simple and internally valid risk algorithm to predict the onset of hazardous
alcohol drinking over 12 months in primary care attendees; it is a brief tool potentially useful for primary
prevention of hazardous alcohol drinking.

Keywords: Alcohol use, Clinical Prediction Rule, Primary Health Care
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HOW THIS FITS IN
Little is known about the risk of progressing to hazardous alcohol use in people who are abstinent or low-risk
drinkers. To date only one risk algorithm is available in primary care to predict the onset of hazardous alcohol
drinking (the predictAL) with the patient having to answer 29 questions to calculate their risk at 6 months. The
predictAL-10/9 risk algorithm is a shorter alternative (9-10 questions), which has higher discriminative validity and
allows longer-term predictions (12 months).
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Introduction
Alcohol use occupies fifth place among risk factors contributing to worldwide global disease burden.1 In the
European Union 11.8% of all deaths between the ages of 15 and 64 years can be attributed to alcohol,2 and the
absolute risk of dying from an adverse alcohol-related condition increases linearly with the amount of alcohol
consumed over a lifetime, with no safe level.3 Individuals who misuse alcohol (and their families) suffer from
physical, mental and social harm. Apart from being a drug of dependence, for many years alcohol has been known
to cause some 60 different types of disease and conditions.2
Adult per capita alcohol consumption is about 6.2 litres/year on average worldwide, and about 9.6 litres
in the high-income countries (the UK 11.6, the US 9.2, Australia 12.2, and Spain 11.2 litres).4 In Spain the
recommended low-risk consumption for adult healthy men is <170 gr alcohol per week or <110 for women.5
Unhealthy alcohol use includes the full spectrum, from hazardous use to alcohol dependence.6 Hazardous
drinking is defined as consumption levels that increase the risk for health consequences and harmful drinking is
that which is already causing damage to health (physical or mental),7 while alcohol abuse and dependence lead to
clinically significant impairment or distress (see Appendix). Around 30% of the population in the US,6 24-25% in
Canada8 and the UK9 or 18% in Spain10 is susceptible to risk or harm from their drinking behaviour.
There is widespread knowledge on screening and interventions in hazardous and dependent drinkers,7,1113

although questions on the long-term effectiveness of brief interventions for alcohol remain unanswered.14 We

know much less about the risk of progressing to hazardous use in abstinent or currently low-risk drinkers.15 Many
risk factors are associated with the onset of hazardous or harmful alcohol drinking,16-19 but so far only one risk
algorithm taking into account their combined effect has been published; the predictAL.15 This algorithm, which
was internally validated in six European countries and externally validated in Chile, predicts the onset of
hazardous alcohol drinking (HAD) at 6 months in primary care attendees. The PredictAL has good discriminative
validity, but to obtain a risk probability for a particular patient requires administering two questionnaires, the
AUDIT (10 items) and the PRIME-MD-Anxiety (Panic-Syndrome) (15 items), as well as another four items (gender,
age, country and lifetime alcohol problem). Accordingly, time management might be a barrier to its use, given the
competing demands in busy clinical practice settings.20 Moreover, a prediction period beyond 6 months may also
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be useful because a relatively high proportion of abstinent or low-risk drinkers will develop HAD at 12 months but
not at 6 months.21 We therefore aimed to develop and internally validate a shorter and simpler risk algorithm to
predict the onset of HAD over 12 months in primary care.

METHODS
Design and setting
We undertook a prospective cohort study with evaluations at baseline, 6 and 12 months. Although this cohort
was originally recruited with the aim of developing a risk model for the onset of major depression,22 in this
analysis we aimed to predict the onset of HAD.
The method has been described in detail elsewhere22 and we have followed the Transparent Reporting of
a multivariable prediction model for Individual Prognosis Or Diagnosis (TRIPOD). 23 The predictAL-Spain study was
conducted with the participation of 174 GPs belonging to 32 health centres (mean=5.4; range=1 to 10) distributed
throughout Spain (in six provinces). Each health centre covers a population of 15,000–30,000 inhabitants from a
geographically defined area. The GPs in each health centre work as a group, with extensive primary care teams.
The Spanish National Health Service provides free medical cover at the point of access to 95% of the population.
Patients can visit their GP as often as they wish without having to pay for it, even when they do so for preventive
reasons. Each patient is assigned to only one GP, who has gatekeeper functions. The health centres taking part
cover urban and rural settings in each province.
Sampling and exclusion criteria
Random samples of 4-6 attendees from GP appointment lists were taken for each day of recruitment. The GPs
introduced the study to the selected patients, checked their exclusion criteria, and requested their permission
before contacting the researcher. Participants who gave informed consent undertook a research interview given
by research assistants within two weeks. The study population was recruited between October 2005 and February
2006. Exclusion criteria were an inability to understand or speak Spanish, severe mental disorder (e.g. psychosis,
bipolar), dementia or severe neurological/sensory illness, terminal illness, the person was scheduled to be out of
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the city for more than three months during the 12 months of follow-up, and persons (representatives) who
attended the GP’s office on behalf of the person who had the appointment.
Variables
Outcome measure
Our outcome was new occurrence of HAD during the 12-month study. Alcohol use in the preceding six months
was assessed at 6 and 12 months of follow-up by the Alcohol Use Disorders Identification Test (AUDIT).24 The
AUDIT is a 10-item questionnaire that addresses frequency of alcohol consumption, alcohol-related problems and
alcohol dependence symptoms. It was specifically developed for use in a primary care population and has good
validity and reliability in many countries, including Spain.24 To classify a person as a hazardous alcohol drinker we
used an AUDIT cut-off of ≥8 for men and ≥6 for women. Other Spanish researches indicate that a cut-off of ≥8 has
a sensitivity and specificity for women and men together of 0.90,25 and a cut-off of ≥6 for women a sensitivity of
0.90 and a specificity of 0.95.26 Cronbach’s Alpha varies between 0.8625 and 0.9326 and test-retest reliability
(Intraclass correlation coefficient) is 0.90.25
Measurement of potential risk factors
We selected 41 potential risk factors for which there was evidence of reliability and validity in the questionnaires
used to evaluate them.22 Baseline measurements were made of all the potential risk factors by independent
research assistants who were blind to the objective of the study. All risk factors are described in detail elsewere,22
and a summary of them is shown in the Appendix.
Statistical Analysis
Participants who did not complete the AUDIT at both 6 and 12 months were excluded, and those who were
hazardous alcohol drinkers at either or both (6 or 12 months) were considered as hazardous alcohol drinkers in
our outcome. We performed multilevel logistic regression including health centre as a random component (see
Appendix). We estimated the required sample size based on the need for at least 10 outcome events (HAD) per
independent variable included in the prediction rule.27
We selected variables using a threshold for inclusion of p<0.20 to ensure that information lost as a result
of exclusion of a variable from the equation was minimal.28 From the model thus obtained, those variables with
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p>0.05 were extracted step by step to obtain a more parsimonious model. Pair-wise interactions between the
variables in the model and gender and age were tested. We used inverse probability weighting29-30 to adjust for a
possible attrition bias due to participants lost to follow-up.
We calculated the c-index31 to estimate the discriminative validity of the final predictAL-10/9 models. To
compare the discriminative validity between risk algorithms we performed the test for correlated c-indexes.
Prediction models derived with multivariable regression analysis are known to overestimate regression
coefficients. We used a calculation proposed by Copas32 to estimate overfitting of our prediction models. We
calculated effect sizes using Hedge’s g33 for the difference in log odds of the predicted probability between
patients who were later observed to be hazardous drinkers and those who were not. Calibration, which is the
agreement between the observed proportions of HAD and the predicted risks, was studied with calibration plots
taking deciles of risk.
Finally, we highlighted the optimal threshold values (cut-off points) where Youden's J statistic
(J=Sensitivity+ Specificity-1)34 was greater. We conducted all analyses using STATA, release 13.1.35 All reported P
values were two-sided.
RESULTS
Of the 6,299 primary care attendees approached, 1,251(19.9%) were excluded: 506(8.03%) were outside the age
range (18–75 years); 446(7.1%) were either representatives of patients or did not attend the appointment;
156(2.5%) had a severe mental disorder, dementia or severe neurological/sensory illness; 63(1.0%) terminal
illness; 47(0.75%) trouble communicating in Spanish; and 33(0.52%) were scheduled to be out of the city for
longer than three months during the 12 months of follow-up. Of the remaining 5,048 patients asked to take part
in the study 4,166(82.5%) gave their consent. These were then interviewed at baseline, but 209(5.02%) were
hazardous alcohol drinkers (by AUDIT) and 3(0.07%) had a missing diagnosis, so they were also excluded. Thus,
our at-risk population comprised 3,954 patients (Figure-1). The patients’ socio-demographic characteristics are
shown in Table-1. Of the 3,954 patients, 2,667(67.5%) were interviewed at 6 months and 2,301(58.2%) at 12
months. The main baseline variables associated with drop-outs were province (Majorca and Las Palmas), gender
(male), lower age, country of birth (outside Spain), lower educational level, never having enough money to afford
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food or clothing (basic financial strain), housing status (rented), and dissatisfaction with the area where they lived
(see Table-S1 in the appendix). The AUDIT score at baseline was not a predictor of drop-outs.
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<Table-1 here>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<Figure-1 here>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
Forty-five of those successfully contacted at 6 months had become HAD and a further 31 of those contacted at 12
months had become HAD. All those who were HAD at 6 months were still HAD at 12 months (Figure-1). The final
model, the predictAL-10, to predict the onset of HAD at 12 months in primary care attendees included 9 variables
(10 questions) (Table-2): province, gender (male), age (lower), cigarette consumption, perceived financial strain,
having ever received treatment for an alcohol problem, childhood sexual abuse, AUDIT-C, and the interaction
AUDIT-C*Age. The shrinkage factor was 0.9595 (shrinkage=1 indicates that there is no overestimation). The cindex was 0.886(95%CI=0.854-0.918) and the effect size (Hedges’ g) 1.694(95%CI=1.460-1.928). The calibration
showed an accurate goodness of fit (Figure-2). The predicted probability (optimal threshold) of 2.72% included
495(21.9%) primary care attendees who were abstinent or low-risk drinkers at baseline and its sensitivity and
specificity were 0.83 and 0.80 respectively (Table-3).
When we removed the potentially sensitive question about childhood sexual abuse from the analysis, we
obtained the predictAL-9 model. Compared to the predictAL-10, several coefficients were slightly different
(Table-2), sensitivity decreased by 4 points, specificity increased by 1 point, and the calibration plot showed that
two deciles of risk were minimally overestimated (Figure-2). However, the c-indexes, Hedges’ g and shrinkage
factors were similar to the predictAL-10 (Table-3). There was no statistically significant difference between the cindexes of the predictAL-10 and the predictAL-9 [Chi2=1.39; p=0.238]. There were 22(0.96%) and 36(1.6%)
missing values for predictor variables in the predictAL-9 and predictAL-10 models respectively. Finally we entered
all the AUDIT questions into the analysis (predictAL-17) but found that this did not improve the c-index over the
predictAL-10 [Chi2=0.01; p=0.941].
Very slight differences were found between the predictAL-10 and the same model weighted for the
inverse probability of remaining in the follow-up to 12 months (Table-S2). A calculator of the predictAL-9/10 is
available on the “predictplusprevent” web
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(http://www.predictplusprevent.com/indexDefi.php?idioma=en). This includes a set of calculators to predict the
occurrence of future episodes of depression, anxiety and/or hazardous alcohol drinking in those persons who are
not suffering them currently. “Predictplusprevent” also provides information on activities and interventions to
prevent them.
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<Table-2 here>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<Figure-2 here>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<Table-3 here>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

DISCUSSION
Summary
The predictAL-10/9 is a simple, brief and internally valid risk algorithm to predict the onset of HAD over 12
months in primary care attendees who are abstinent or low-risk drinkers.
Strengths and limitations
Of those abstinent and low-risk drinkers who developed HAD, 59% did so by 6 months and the remainder
thereafter. This suggests the need to characterize the population at risk of HAD at 12 months versus 6 months,
which is an advantage of the predictAL-9/10 over the predictAL15 (only available for six months). To our
knowledge, the predictAL-10/9 is the first risk algorithm to predict the onset of HAD over 12 months in primary
care. The predictAL-9/10 also had higher discriminative validity than the predictAL15 and other risk algorithms for
the onset of major depression36-39 and anxiety syndromes40-41 in primary care as well as for risk indices for
cardiovascular events.42-43
Our study has some limitations. Our sample size was not large enough to address external validation in
this study, such as deriving the algorithm in some provinces and validating it in others. New validations of the
predictAL-9/10 in other countries are needed. Our study did not include patients below 18 years of age; therefore
new risk algorithms including young adolescents should be developed and validated because the age of onset for
alcohol drinking is between 11-15 years, and drinking clearly increases throughout adolescence.44-45 We had
relatively few events (76 people developed HAD). When the number of events is low relative to the number of
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predictors, standard regression could produce overfitted risk models that make inaccurate predictions in other
settings.27 However, according to our calibration plot (Figure-2) and the Copas shrinkage factor (0.96) our level of
overfitting was minimal. Our study included a large number of GPs and health centres from 6 provinces in
southern, central and northern Spain, and only a few patients refused to participate. Therefore our sample may
be representative of primary care attendees in Spain, although patients who attend infrequently may have been
under-represented.46 Additionally, as hazardous alcohol drinkers visit their GPs less often than low-risk drinkers,10
the incidence of the onset of HAD may have been underestimated, though estimating the incidence was not the
aim of the study. Although we had 41.8% dropouts at 12 months, only slight differences were seen between the
predictAL-10 models with and without inverse probability weighting (Table-S2), indicating that loss to follow-up
was unlikely to lead to attrition bias.29
Comparison with existing literature
The 9 variables (10 items) included in the predictAL-10 are well known risk factors for hazardous and harmful
alcohol drinking. The variable province had a relevant contribution in predicting the onset of HAD, major
depression37 and anxiety syndromes.40 This was also the case for country in international risk algorithms to
predict such disorders,15,36,41 and suggests that geographical variability must be taken into account in the
prediction models. We suggest using the average of the coefficients of the 5 Spanish provinces when the
predictAL-10/9 is applied to obtain the probability of the risk of HAD outside Spain. This is the way it is calculated
on the “predictplusprevent” web.
The results of our study on gender-age and HAD are consistent with the literature. In most countries men
tend to drink more than women,2 and alcohol use occupies third place for men and twelfth for women among risk
factors contributing to global disease burden.1 The incidence of new cases of HAD and alcohol dependence is
greater in men between 20-29 years,47 and the mean age of the transition from low-risk drinkers to regular HAD
is 20 years.21
A prediction model containing only the AUDIT or AUDIT-C had a c-index of 0.78 (Sensitivity=0.75 and
Specificity=0.68) to predict the onset of HAD (Table-3), so the predictAL-10/9 (C-index=0.89; Sensitivity=0.83 and
Specificity=0.80) is clearly better than the AUDIT in discriminative validity (Table-3). Lower age and higher AUDIT-
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C score in these abstinent or low-risk drinkers were associated with an increased incidence of HAD over 12
months. Besides this main effect we also found an interaction AUDIT-C*Age, such that older people with higher
AUDIT-C scores had a lower risk of developing HAD. In southern Europe the "Mediterranean” way of drinking,
which involves regular, moderate wine consumption mainly with food, increases with age,48 while younger people
in Europe generally prefer beer, strong spirits and binge drinking.48-50
Evidence from longitudinal studies suggests that the perception of difficulty managing changes in living
arrangements and individual deprivation are associated with HAD.51 Daily and non-daily smokers are at a greater
risk for hazardous drinking and alcohol use disorders.16,52 Smoking increases the risk for alcohol misuse and likely
has a causal role in this relationship.53 A biological mechanism underlying the association between alcohol use
and smoking has been proposed.54 Even after being abstinent or low-risk drinker for at least 6 months, having
ever received treatment for an alcohol problem was a strong predictor of future hazardous drinking. There is little
doubt about the predictive power of this risk factor.55
The three types of child abuse have been associated with alcohol dependence.17,56 Although childhood
sexual abuse could have implications for the course of prevention and treatment of alcohol misuse,57-58 asking and
answering questions about this is often uncomfortable for physicians and patients. For this reason, we have
suggested excluding the question from the model and using the predictAL-9. However, the predictAL-10 could be
useful in specific contexts, such as a longer doctor-patient interview with a climate of mutual trust and empathy
or self-administered assessments on a secure website.
Implications for research and practice
Evidence exists for the effectiveness and cost-effectiveness of screening and brief interventions for hazardous
drinkers implemented by primary care professionals (secondary prevention),7,10 but much less is known about
interventions to prevent the onset of hazardous drinking in primary care (primary prevention). The predictAL10/9, with only 10 or 9 items, allows us to perform simultaneous screening of current HAD and its prediction at 12
months; which gives us the opportunity to carry out both primary and secondary prevention of HAD. In our study
none of those who developed HAD at 6 month had recovered their status of abstinent or low-risk drinker by 12
months, suggesting that it is important to intervene early through primary prevention. The predictAL-10/9 offers
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two potential applications: 1) a better way of stratifying the at-risk population for inclusion in preventive
programs and 2) the ability to develop personalized preventive programs based on the overall level of risk and
those specific risk factors affecting each person. The predictAL-10/9 could contribute to the latter just as the
predictD risk algorithm is used to prevent the onset of major depression in primary care.59-60
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Figure 1: Flow chart of patients through the predictAL-10/9 study and numbers becoming hazardous alcohol drinkers.
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drinkers [men: AUDIT <8; women: AUDIT <6]; DNA, did not attend; T0: at baseline, T6: at 6 months, and T12: at 12 months.
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Table 1: Demographic characteristics of abstinent or low-risk drinkers (population at risk)
Demographic characteristics
Abstinent or low-risk drinkers, n(%)
Age (years), mean (standard deviation)
Gender, n(%)
Female
Male
Marital status, n(%)
Married
Separated
Divorced
Single
Widowed
Missing
Household status, n(%)
Not living alone
Living alone
Education, n(%)
Higher education
Secondary
Primary
Trade/other
Missing
Employment, n(%)
Employed
Unemployed
Retired
Unable to work
Looking after family
Full-time student
Other
Missing
Country of birth, n(%)
Spain
Other
Missing
Ethnicity, n(%)
White European
Other ethnicity
Missing
Financial strain, n(%)
Living comfortably
Doing alright
Finding it difficult or very difficult
Missing

Granada

Saragossa

Madrid

La Rioja

Majorca

Las Palmas

Total

731 (18.5)
49.66 (16.12)

715 (18.1)
46.88 (15.44)

724 (18.3)
50.41 (15.67)

727 (18.4)
49.29 (15.5)

695 (17.6)
49.61 (15.65)

362 (9.2)
43.94 (14.29)

3954 (100)
48.7 (15.66)

552 (75.51)
179 (24.49)

475 (66.43)
240 (33.57)

507 (70.03)
217 (29.97)

482 (66.3)
245 (33.7)

465 (66.91)
230 (33.09)

272 (75.14)
90 (24.86)

2753 (69.63)
1201 (30.37)

495 (67.72)
35 (4.79)
6 (0.82)
128 (17.51)
67 (9.17)
0

467 (65.31)
23 (3.22)
13 (1.82)
176 (24.62)
36 (5.03)
0

490 (67.68)
36 (4.97)
20 (2.76)
136 (18.78)
42 (5.80)
0

477 (65.61)
30 (4.13)
9 (1.24)
163 (22.42)
48 (6.6)
0

438 (63.02)
41 (5.90)
24 (3.45)
137 (19.71)
55 (7.91)
0

183 (50.55)
35 (9.67)
19 (5.25)
101 (27.9)
22 (6.08)
2 (0.55)

2550 (64.49)
200 (5.06)
91 (2.3)
841 (21.27)
270 (6.83)
2 (0.05)

663 (90.7)
68 (9.3)

666 (93.15)
49 (6.85)

665 (91.85)
59 (8.15)

660 (90.78)
67 (9.22)

608 (87.48)
87 (12.52)

342 (94.48)
20 (5.52)

3604 (91.15)
350 (8.85)

84 (11.49)
127 (17.37)
273 (37.35)
247 (33.79)
0

109 (15.24)
182 (25.45)
344 (48.11)
80 (11.19)
0

67 (9.25)
171 (23.62)
287 (39.64)
199 (27.49)
0

119 (16.37)
151 (20.77)
404 (55.57)
52 (7.15)
1 (0.14)

40 (5.76)
118 (16.98)
417 (60.0)
120 (17.27)
0

44 (12.15)
90 (24.86)
159 (43.92)
69 (19.06)
0

463 (11.71)
839 (21.22)
1884 (47.65)
767 (19.4)
1 (0.03)

244 (33.38)
52 (7.11)
147 (20.11)
68 (9.3)
191 (26.13)
26 (3.56)
1 (0.14)
2 (0.27)

364 (50.91)
44 (6.15)
112 (15.66)
16 (2.24)
150 (20.98)
27 (3.78)
1 (0.14)
1 (0.14)

325 (44.89)
35 (4.83)
148 (20.44)
41 (5.66)
163 (22.51)
9 (1.24)
1 (0.14)
2 (0.28)

360 (49.52)
49 (6.74)
155 (21.32)
7 (0.96)
137 (18.84)
18 (2.48)
1 (0.14)
0

262 (37.7)
44 (6.33)
134 (19.28)
133 (19.14)
116 (16.69)
5 (0.72)
1 (0.14)
0

197 (54.42)
44 (12.15)
30 (8.29)
17 (4.7)
63 (17.4)
7 (1.93)
4 (1.1)
0

1752 (44.31)
268 (6.78)
726 (18.36)
282 (7.13)
820 (20.74)
92 (2.33)
9 (0.23)
5 (0.13)

711 (97.26)
19 (2.6)
1 (0.14)

683 (95.52)
32 (4.48)
0

672 (92.82)
44 (6.08)
8 (1.1)

687 (94.5)
40 (5.5)
0

645 (92.81)
43 (6.19)
7 (1.01)

321 (88.67)
34 (9.39)
7 (1.93)

3719 (94.06)
212 (5.36)
23 (0.58)

713 (97.54)
12 (1.64)
6 (0.82)

599 (83.78)
6 (0.84)
110 (15.38)

698 (96.41)
24 (3.31)
2 (0.28)

687 (94.5)
24 (3.3)
16 (2.2)

678 (97.55)
12 (1.73)
5 (0.72)

360 (99.45)
2 (0.55)
0

3735 (94.46)
80 (2.02)
139 (3.52)

55 (7.52)
496 (67.85)
180 (24.62)
0

81 (11.33)
532 (74.41)
102 (14.27)
0

42 (5.82)
506 (70.08)
174 (24.1)
2 (0.28)

61 (8.4)
586 (80.72)
79 (10.88)
1 (0.14)

56 (8.06)
480 (69.06)
159 (22.88)
0

19 (5.26)
252 (69.81)
90 (24.93)
1 (0.28)

314 (7.95)
2852 (72.2)
784 (19.85)
4 (0.1)
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Table 2: The predictD-AL-10 and predictAL-9 models(¶) to predict the onset of hazardous alcohol drinking at 12 months.
Risk factors

Constant
Province
Granada (Reference)
Saragossa
Madrid
Logroño (La Rioja)
Majorca
Las Palmas
Gender
Female (Reference)
Male
Age (range 18-75 years)
AUDIT-C
AUDIT-C*Age (†)
Cigarette consumption per day
Non-smoking (Reference)
<10
10-20
>20
Financial strain
Living comfortably (Reference)
Doing alright
Finding it difficult or very difficult
Ever treated for alcohol problems
No (Reference)
Yes
Childhood sexual abuse
No (never) (Reference)
Yes (rarely, sometimes, often, frequently)

Incidence of hazardous
alcohol drinking
No
Yes (%)

PredictAL-10 a (N=2264)

PredictAL-9 b (N=2278)
(excluding childhood sexual abuse from the model)

OR

95% CI

p

OR

0.0008

OR c
0.0009

95% CI

p

0.0011

OR d
0.0012

0.0001 - 0.0071

<0.001

0.0001 - 0.0079

<0.001

499
447
406
429
258
185

7 (1.38)
16 (3.46)
4 (0.98)
29 (6.33)
13 (4.80)
7 (3.65)

1.0
2.02
0.72
7.12
5.32
3.16

1.0
1.94
0.69
6.84
5.11
3.03

0.49 – 8.37
0.15 – 3.56
2.05 – 24.79
1.11 – 25.62
0.61 – 16.28

0.333
0.690
0.002
0.037
0.170

1.0
1.80
0.66
6.46
4.74
3.09

1.0
1.73
0.64
6.22
4.57
2.96

0.49 – 6.70
0.15 – 2.93
2.11 – 19.79
1.08 – 20.84
0.62 – 15.41

0.379
0.585
0.001
0.040
0.168

1622
602

28 (1.70)
48 (7.38)

1.0
3.20
0.993
2.51
0.991

1.0
3.07
0.953
2.41
0.951

1.29 – 7.91
0.972 – 1.015
1.63 – 3.85
0.984 – 0.999

0.012
0.539
<0.001
0.045

1.0
2.82
0.989
2.37
0.993

1.0
2.72
0.952
2.28
0.956

1.62 – 6.83
0.969 – 1.010
1.57 – 3.59
0.985 – 1.000

0.022
0.316
<0.001
0.068

1756
181
200
87

41 (2.28)
12 (6.22)
11 (5.21)
12 (12.1)

1.0
2.39
1.28
3.48

1.0
2.29
1.23
3.34

1.21 – 4.73
0.51 – 3.18
1.31 – 9.27

0.012
0.600
0.013

1.0
2.42
1.38
3.59

1.0
2.33
1.33
3.46

1.20 – 4.88
0.57 – 3.31
1.33 – 9.68

0.014
0.475
0.012

183
1634
405

3 (1.61)
56 (3.31)
17 (4.03)

1.0
1.94
4.19

1.0
1.86
4.02

0.48 – 7.82
0.98 – 17.84

0.351
0.053

1.0
2.07
4.66

1.0
1.99
4.49

0.50 – 8.51
1.08 – 20.03

0.313
0.039

2204
12

73 (3.21)
3 (20.0)

1.0
11.77

1.0
11.30

1.98 – 70.05

0.007

1.0
13.19

1.0
12.70

2.61 – 66.63

0.002

2161
49

70 (3.14)
6 (10.9)

1.0
5.07

1.0
4.87

1.71 – 15.09

0.003

(¶) Multi-level logistic regression with health center as a random component and weighting for the inverse probability of remaining in the follow-up to 12 months. (†) Likelihood-ratio test for the interaction: Chi2
(degree of freedom:1)=5.84;p=0.0157. a Discriminative validity: c-index: 0.886 (0.854 - 0.918) and effect size (Hedges’ g): 1.694 (95%CI:1.460 - 1.928). c Overfitting estimate: Copas’ shrinkage factor = 0.960.
b Discriminative validity: c-index: 0.880 (95%CI:0.847 - 0.913) and effect size (Hedges’ g): 1.658 (95%CI:1.425 - 1.892). d Overfitting estimate: Copas’ shrinkage factor = 0.963.c
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Figure 2: Calibration plots (mean predicted probability against observed probability of hazardous
alcohol drinking within deciles of predicted risk) of the predictAL10/9 risk algorithms.
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Table 3: Discriminative validity of the clinical rule predictions for the onset of hazardous alcohol drinking over 12 months in primary care.
Risk
algorithms
PredictAL-10a

Number
of items
10

N
2,264

PredictAL-17 b

17

2,264

PredictAL-7c

7

2,264

PredictAL-9 a

9

2,278

PredictAL-16 b

16

2,278

PredictAL-6 c

6

2,278

AUDIT-C

3

2,288

AUDIT

10

2,288

C-index
Hedges’s g
Predicted
Frequency** Sensitivity
(95%C.I.)
(95%C.I.)
probability*
N (%)
Specificity
0.886
1.694
≥ 2.72%
495 (21.86)
0.83
(0.854 - 0.918)
(1.460 - 1.928)
0.80
0.886
1.729
≥ 2.92%
454 (20.05)
0.80
(0.853 - 0.919)
(1.495 - 1.963)
0.82
0.819
1.292
≥ 3,31%
539 (23.81)
0.71
(0.772 - 0.866)
(1.052 - 1.532)
0.79
Clinical rule predictions excluding the variable sexual abuses in childhood
0.880
1.658
≥ 3.01%
475 (20.85)
0.79
(0.847 - 0.913)
(1.425 - 1.892)
0.81
0.883
1.697
≥ 2.78%
483 (21.20)
0.80
(0.850 - 0.916)
(1.463 - 1.931)
0.81
0.803
1.273
≥ 2.60%
668 (29.32)
0.70
(0.752 - 0.854)
(1.042 - 1.505)
0.72
Clinical rule predictions including only the AUDIT
0.775
1.211
≥ 2.34%
517 (22.60)
0.75
(0.721 - 0.830)
(0.980 - 1.442)
0.68
0.781
1.254
≥ 2.20%
525 (22.95)
0.75
(0.725 - 0.836)
(1.042 - 1.485)
0.68

LR+
LR4.15
0.21
4.44
0.25
3.38
0.37

PPV
NPV
0.13
0.99
0.13
0.99
0.10
0.99

Shrinkage
factor ¶
0.9595

4.16
0.26
4.21
0.25
2.5
0.42

0.13
0.99
0.13
0.99
0.08
0.98

0.9629

4.16
0.26
4.21
0.25

0.07
0.89
0.07
0.89

0.9819

0.9595
0.8615

0.9639
0.8563

0.9822

C.I.: Confidence Interval; LR+: positive likelihood ratio; LR-: negative likelihood ratio; PPV: positive predictive value; NPV: negative predictive value;
¶ Copas shrinkage factor estimates overfitting of the prediction models (shrinkage = 1 indicates that there is no overestimation).
a Including the AUDIT-C (3 items); b including the AUDIT (10 items); c excluding any AUDIT.
* Predicted probability of hazardous alcohol drinking at 12 months, cutoff point where Youden's J statistic (J = Sensitivity + Specificity -1) was greater: “optimal threshold”.
** Number of primary care attendees above the optimal threshold.
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Background
Alcohol use occupies fifth place among risk factors contributing to worldwide global disease
burden.1 Many risk factors are associated with the onset of hazardous or harmful alcohol
drinking,14-17 but so far only one risk algorithm taking into account their combined effect has been
published; the predictAL,13 which requires the patient having to answer 29 questions to calculate
their risk at 6 months. We aimed to develop and validate a simple, brief risk algorithm for the
onset of hazardous alcohol drinking (HAD) over 12 months for use in primary care.
Method
The predictAL-Spain is a prospective cohort study which was conducted with the participation of
174 GPs belonging to 32 health centres distributed throughout Spain (in six provinces), with
evaluations at baseline, 6 and 12 months. Random samples of attendees from the appointment
lists of the 174 GPs were taken between October 2005 and February 2006. Exclusion criteria
were an inability to understand or speak Spanish, severe mental disorder (e.g. psychosis,
bipolar), dementia or severe neurological/sensory illness, terminal illness, the person was
scheduled to be out of the city for more than three months during the 12 months of follow-up, and
persons (representatives) who attended the GP’s office on behalf of the person who had the
appointment. We measured 41 risk factors22 and used multilevel logistic regression and inverseprobability-weighting29-30 to build the risk algorithm. We used a calculation proposed by Copas32
to estimate overfitting of our prediction models and performed calibration plots. Our outcome was
new occurrence of HAD during the 12-month study, as measured by the AUDIT.24-26
Results
Of the 6,299 primary care attendees approached, 1,251(19.9%) were excluded for having at least
one exclusion criteria. Of the remaining 5,048 patients asked to take part in the study
4,166(82.5%) gave their consent. These were then interviewed at baseline, but 209(5.02%) were
hazardous alcohol drinkers (by AUDIT) and 3(0.07%) had a missing diagnosis, so they were also
excluded. Thus, our at-risk population comprised 3,954 patients, of which 2,667(67.5%) were
interviewed at 6 months and 2,301(58.2%) at 12 months. Forty-five of those successfully
contacted at 6 months had developed HAD and a further 31 of those contacted at 12 months had
become HAD. All those developing HAD by 6 months were still HAD by 12.
The “predictAL-10” risk algorithm included just 9 variables (10 questions): province, gender, age,
cigarette consumption, perception of financial strain, having ever received treatment for an
alcohol problem, childhood sexual abuse, AUDIT-C and interaction AUDIT-C*Age (see table).
The c-index was 0.89(95%CI=0.85–0.92). The optimal cut-off had a sensitivity=0.83 and
specificity=0.80. The Copas shrinkage factor was 0.96 and calibration plots showed an accurate
goodness-of-fit. Excluding childhood sexual abuse from the model (the “predictAL-9”), the c-index
was 0.88(95%CI=0.85-0.91), sensitivity=0.79 and specificity=0.81. There was no statistically
significant difference between the c-indexes of predictAL-10 and predictAL-9.
Discussion
The predictAL-10/9 is a simple, brief, and internally valid risk algorithm to predict the onset of
HAD over 12 months in primary care attendees who are abstinent or low-risk drinkers.
Of those abstinent and low-risk drinkers who developed HAD, 59% did so by 6 months and the
remainder thereafter. This suggests the need to characterize the population at risk of HAD at 12
months versus 6 months, which is an advantage of the predictAL-9/10 over the predictAL15 (only
available for six months). To our knowledge, the predictAL-10/9 is the first risk algorithm to predict
the onset of HAD over 12 months in primary care. The predictAL-9/10 also had higher
discriminative validity than the predictAL15 and other risk algorithms for the onset of major
depression36-39 and anxiety syndromes40-41 in primary care as well as for risk indices for
cardiovascular events.42-43

22

Our sample size was not large enough to address external validation in this study, and new
validations of the predictAL-9/10 in other countries are needed. Although we had 41.8% dropouts
at 12 months, only slight differences were seen between the predictAL-10 models with and
without inverse probability weighting, indicating that loss to follow-up is unlikely to lead to attrition
bias.29
The predictAL-10/9, with only 10 or 9 items, allows us to perform simultaneous screening of
current HAD and its prediction at 12 months; which gives us the opportunity to carry out both
primary and secondary prevention of HAD. In our study none of those who developed HAD at 6
month had recovered their status of low-risk drinker by 12 months, suggesting that it is important
to intervene early through primary prevention. The predictAL-10/9 offers two potential
applications: 1) a better way of stratifying the at-risk population for inclusion in preventive
programs and 2) the ability to develop personalized preventive programs based on the overall
level of risk and those specific risk factors that affect each person. The predictAL-10/9 could
contribute to the second of these applications just as the predictD risk algorithm is used to
prevent the onset of major depression in primary care.59-60
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Table: The predictD-AL-10 and predictAL-9 models(¶) to predict the onset of hazardous alcohol drinking at 12
months.
Risk factors
Constant
Province
Granada (Reference)
Saragossa
Madrid
Logroño (La Rioja)
Majorca
Las Palmas
Gender
Female (Reference)
Male
Age (range 18-75 years)
AUDIT-C
AUDIT-C*Age (†)
Cigarette consumption per day
Non-smoking (Reference)
<10
10-20
>20
Financial strain
Living comfortably (Reference)
Doing alright
Finding it difficult or very difficult
Ever treated for alcohol problems
No (Reference)
Yes
Childhood sexual abuse
No (never) (Reference)
Yes (rarely, sometimes, often, frequently)

PredictAL-10 a
(N=2264)
OR
95% CI
0.0008**
0.0001 - 0.0071

PredictAL-9 b
(N=2278)
OR
95% CI
0.0011**
0.0001 - 0.0079

1.0
2.02
0.72
7.12**
5.32*
3.16

0.49 – 8.37
0.15 – 3.56
2.05 – 24.79
1.11 – 25.62
0.61 – 16.28

1.0
1.80
0.66
6.46**
4.74*
3.09

0.49 – 6.70
0.15 – 2.93
2.11 – 19.79
1.08 – 20.84
0.62 – 15.41

1.0
3.20*
0.993
2.51**
0.991*

1.29 – 7.91
0.972 – 1.015
1.63 – 3.85
0.984 – 0.999

1.0
2.82*
0.989
2.37*
0.993

1.62 – 6.83
0.969 – 1.010
1.57 – 3.59
0.985 – 1.000

1.0
2.39*
1.28
3.48*

1.21 – 4.73
0.51 – 3.18
1.31 – 9.27

1.0
2.42*
1.38
3.59*

1.20 – 4.88
0.57 – 3.31
1.33 – 9.68

1.0
1.94
4.19

0.48 – 7.82
0.98 – 17.84

1.0
2.07
4.66*

0.50 – 8.51
1.08 – 20.03

1.0
11.77**

1.98 – 70.05

1.0
13.19**

2.61 – 66.63

1.0
5.07**

1.71 – 15.09

* p<0.05; ** p<0.01.
(¶) Multi-level logistic regression with health centre as a random component and weighting for the inverse probability of remaining
in the follow-up to 12 months. (†) Likelihood-ratio test for the interaction: Chi2 (degree of freedom:1)=5.84;p=0.0157. a
Discriminative validity: c-index: 0.886 (0.854 - 0.918) and effect size (Hedges’ g): 1.694 (95%CI:1.460 - 1.928). b Discriminative
validity: c-index: 0.880 (95%CI:0.847 - 0.913) and effect size (Hedges’ g): 1.658 (95%CI:1.425 - 1.892).

