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AUDIT-C Alcohol Screening Results and
Postoperative Inpatient Health Care Use
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BACKGROUND: Alcohol screening scores �5 on the Alcohol Use Disorders Identification Test–Consumption
(AUDIT-C) up to a year before surgery have been associated with postoperative complications,
but the association with postoperative health care use is unknown. This study evaluated whether
AUDIT-C scores in the year before surgery were associated with postoperative hospital length of
stay, total ICU days, return to the operating room, and hospital readmission.

STUDY DESIGN: This cohort study included male Veterans Affairs patients who completed the AUDIT-C on
mailed surveys (October 2003 through September 2006) and were hospitalized for nonemer-
gent noncardiac major operations in the following year. Postoperative health care use was
evaluated across 4 AUDIT-C risk groups (scores 0, 1 to 4, 5 to 8, and 9 to 12) using linear or
logistic regression models adjusted for sociodemographics, smoking status, surgical category,
relative value unit, and time from AUDIT-C to surgery. Patients with AUDIT-C scores indi-
cating low-risk drinking (scores 1 to 4) were the referent group.

RESULTS: Adjusted analyses revealed that among eligible surgical patients (n � 5,171), those with the
highest AUDIT-C scores (ie, 9 to 12) had longer postoperative hospital length of stay (5.8 [95%
CI, 5.0�6.7] vs 5.0 [95% CI, 4.7�5.3] days), more ICU days (4.5 [95% CI, 3.2�5.8] vs 2.8
[95% CI, 2.6�3.1] days), and increased probability of return to the operating room (10%
[95% CI, 6�13%] vs 5% [95% CI, 4�6%]) in the 30 days after surgery, but not increased
hospital readmission within 30 days postdischarge, relative to the low-risk group.

CONCLUSIONS: AUDIT-C screening results could be used to identify patients at risk for increased postoperative
health care use who might benefit from preoperative alcohol interventions. ( J Am Coll Surg

2012;214:296–305. © 2012 by the American College of Surgeons)
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Alcohol misuse is a potentially modifiable risk factor for
postoperative complications.1-5 In addition, patients who
report heavy daily drinking (ie, �60 grams of alcohol or
�4 US standard drinks) have increased postoperative
health care use, including longer stays in the hospital
and ICU, and more second operations.6-16 A randomized
ontrolled trial among patients scheduled for elective
olorectal surgery who reported drinking �4 drinks
aily found that 1 month of preoperative abstinence
educed postoperative complications by �50%.17 Be-

cause alcohol misuse is often missed by standard clinical
assessment,18-21 experts recommend preoperative alco-
hol screening of all surgical patients using a validated
screening instrument.18,22-25 Scores from validated alco-

ol misuse screening questionnaires can identify pa-
ients with increased risk of postoperative complica-
ions,4,5,26 but less is known about whether such

screening scores also identify patients with increased
postoperative health care use. If commonly used brief
alcohol screens could identify patients at increased risk
for costly postoperative health care use as well as com-
plications, preoperative alcohol interventions might
provide a cost-effective approach to decrease postopera-
tive resource use as well as improve patient outcomes.

This study investigated whether scores on a brief al-
cohol screening questionnaire that have been associated
with increased postoperative complications4 are also as-
ociated with increased postoperative inpatient health
are use. Specifically, this study evaluated whether sever-
ty of alcohol use based on Alcohol Use Disorders Iden-
ification Test–Consumption (AUDIT-C) scores from
p to a year before surgery was associated with increased
ostoperative hospital length of stay (LOS), days in
CU, return to the operating room (OR), and hospital
eadmission among men admitted to Veterans Affairs
VA) hospitals nationwide for nonemergent, noncardiac

Abbreviations and Acronyms

AUDIT-C � Alcohol Use Disorders Identification Test–
Consumption

CPT � Current Procedural Terminology
LOS � length of stay
NPCD � National Patient Care Database
OR � operating room
RVU � relative value unit
SHEP � Survey of Healthcare Experiences of Patients
VA � Veterans Affairs
VASQIP � Veterans Affairs Surgical Quality Improvement

Program
ajor operations.
METHODS
Data sources and sample
This cohort study used VA data from 3 sources, ie, the VA
Surgical Quality Improvement Program (VASQIP), Survey
of Healthcare Experiences of Patients (SHEP), and Na-
tional Patient Care Database (NPCD). The study protocol
was approved by institutional review boards at VA Puget
Sound Health Care System and coauthors’ institutions.

Preoperative, operative, and postoperative data were ob-
tained from VASQIP. VASQIP systematically samples proce-
dures performed under general, spinal, or epidural anesthesia,
with the exception of procedures known to have low postop-
erative morbidity and mortality (ie, minor procedures) and
procedures rarely performed in VA (eg, transplantation and
trauma procedures).27,28 Dedicated VASQIP nurse reviewers
t each medical center use standardized procedures to compile
ata on preoperative risk factors, operative variables, and post-
perative complications during hospitalization and up to 30
ays after discharge. Approximately 70% of all major proce-
ures performed in VA are assessed by VASQIP. Self-reported
emographic and alcohol use data were obtained from the
utpatient SHEP, a confidential patient satisfaction survey
ailed regularly to random samples ofVA patients with recent

utpatient visits.29 SHEP includes questions about health be-
haviors, including the 3-item AUDIT-C alcohol screening
questionnaire (Table S1, online only). Additional preoperative
risk factors (ie, disability due to military service, past-year di-
agnoses) and postoperative health care use data (ie, total ICU
days, hospital readmission) were obtained from NPCD.

Inclusion/exclusion criteria
This study included VA patients at least 21 years old who
completed the AUDIT-C alcohol screening questionnaire
on mailed surveys from October 1, 2003 to September 30,
2006 and were hospitalized in the subsequent year for at
least 1 day after a noncardiac surgery assessed by VASQIP.
The first eligible nonemergent surgery after completion of
the first AUDIT-C was evaluated. Operations that oc-
curred within 90 days of an earlier surgery or did not occur
within the first 3 days of hospitalization and patients who
died during postoperative hospitalization (n � 33 [0.6%])
were excluded.

Women were excluded from analyses because of low
numbers. Of 280 eligible women, only 14 (5%) had
AUDIT-C scores in the highest-risk groups.

Measures
Independent variable�AUDIT-C alcohol screening
score
AUDIT-C scores from mailed surveys returned up to a year

before surgery were used to measure alcohol use. The
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AUDIT-C is a validated alcohol screening questionnaire
(Table S1, online only) scored 0 to 12 points, with higher
scores indicative of greater severity.30,31 AUDIT-C scores
were grouped into 4 risk groups based on the associated
age- and smoking-adjusted risk of postoperative complica-
tions4: 0 (nondrinkers); 1 to 4 (low-risk); 5 to 8 (at-risk);
nd 9 to 12 (high-risk).

Outcome variables–postoperative inpatient health
care use
This study evaluated 4 postoperative outcomes: hospital
LOS, number of ICU days, return to the OR, and hospital
readmission. Hospital LOS, defined as the number of days
from the date of surgery to the date of discharge, and any
return to the OR within 30 postoperative days, were ob-
tained from VASQIP. Total number of days in an ICU
during postoperative hospitalization and any hospital read-
mission within 30 days postdischarge were obtained from
NPCD. To avoid results driven by extreme values, an a
priori decision was made to truncate hospital LOS and
total ICU days to the first 30 days of postoperative hospi-
talization in the primary analyses.

Covariates
Sociodemographic and clinical covariates known to be im-
portant potential confounders of the association be-
ween alcohol use and postoperative health care use were
elected a priori for inclusion in all adjusted analyses.
ge at the time of surgery (truncated to 90 years for
onfidentiality), self-reported race, and marital status
ere obtained from SHEP; service-connected disability
as obtained from NPCD; and past-year smoking status
as obtained from VASQIP. All adjusted analyses also

included surgical procedure category based on Current
Procedural Terminology (CPT) codes (ie, cardiovascular or
thoracic, musculoskeletal, gastrointestinal, genitourinary,
or other); a proxy measure of surgical complexity based on
quartiles of year-specific work relative value units
(RVUs)32; and days from alcohol screening to surgery.

Additional covariates were evaluated in secondary anal-
ses. Possible mediators were identified from 40 preopera-
ive risk factors potentially in the causal pathway between
lcohol use and postoperative health care use, including
everal risk factors known to be associated with cirrhosis.
he preoperative risk factors evaluated included 39 vari-

bles collected by VASQIP with no more than 5% missing
alues (Table S2, online only) and the Deyo-Charlson co-
orbidity index33 constructed from past-year ICD-9 diag-

noses from NPCD. Surgical complications were expected
to be a primary mediator of the association between alcohol
use and postoperative health care use, and the number and
type of complications experienced in the first 30 postoper-

ative days were obtained from VASQIP. Complications b
monitored by VASQIP were categorized into 4 subtypes
known to be associated with alcohol use (ie, surgical field;
infectious other than at the surgical site; cardiopulmonary;
and other, including bleeding, neurologic, thromboem-
bolic, and renal).1-3 Because delirium is associated with al-
cohol use1 but is not monitored by VASQIP, discharge and
outpatient ICD-9 diagnoses of delirium within 30 postop-
erative days were obtained from NPCD.

Statistical analysis
Descriptive analyses
Characteristics of the study sample were compared across
AUDIT-C risk groups using chi-square tests for categorical
variables and analysis of variance for continuous variables.

Primary analyses
Associations between AUDIT-C risk groups and outcomes
were evaluated using unadjusted and adjusted regression
models that included cluster-robust variance estimators to
account for correlation between patients undergoing sur-
gery at the same medical center (n � 105). The adjusted
primary model included sociodemographic covariates,
smoking status, surgical CPT category, surgical RVU, and
days from alcohol screening to surgery. Low-risk drinkers
(ie, AUDIT-C 1 to 4) served as the referent group because
nondrinkers (ie, AUDIT-C 0) tend to have greater comor-
bidity34,35 and more postoperative complications.4

Hospital LOS and total ICU days were modeled using
linear regression, which tends to be robust to violations of
assumptions and often performs well for modeling right-
skewed, heteroscedastic data. However, because alternative
regression methods can improve model stability and effi-
ciency for such data,36-38 sensitivity analyses based on the
djusted model compared the performance of log-
ransformed linear regression, generalized linear models
ith log-link and gamma error distribution,39,40 and an

xtension of generalized linear models that estimates the
ink function and variance structure empirically using ex-
ended estimating equations.41 Goodness-of-fit was as-
essed based on the Pregibon Link test, modified Hosmer-
emeshow test and Pearson’s correlation between
redicted values and residuals. Additionally, sensitivity
nalyses evaluated hospital LOS truncated to 90 days
ather than 30 because 76 (1.5%) patients had a LOS be-
ween 31 and 90 days (4 had a LOS longer than 90 days).
imilarly, total ICU days was evaluated without the a priori
estriction to the first 30 postoperative days.

Return to the OR within 30 days after surgery and hos-
ital readmission within 30 days after discharge were eval-
ated using logistic regression. Predicted probabilities of
utcomes were estimated across AUDIT-C risk groups

ased on the average characteristics for the sample.
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Secondary analyses: role of additional covariates

Secondary analyses investigated the impact of variables that
might mediate the association of alcohol use with each
outcome. First, if at-risk or high-risk drinking was signifi-
cantly associated with the outcome in the primary adjusted
analysis, a secondary adjusted model added preoperative
risk factors that altered the magnitude of the association by
at least 10%. Second, to evaluate whether surgical compli-
cations accounted for remaining associations, a final sec-
ondary model further adjusted for total number and sub-

Table 1. Characteristics of Men Admitted to a Veterans Affai

Total
(n � 5,171)

Nondrinkers
(AUDIT-C 0)

(n � 2,439; 47%

Age at surgery, y, mean � SD 65 � 10 67 � 10
Race/ethnicity,* n (%)

White (non-Hispanic) 4,224 (82) 1,977 (81)
Black (non-Hispanic) 420 (8) 213 (9)
Hispanic 259 (5) 113 (5)
Other 186 (4) 91 (4)

Married, n (%) 2,923 (57) 1,486 (61)
�50% disabled, n (%) 1,061 (21) 560 (23)
Past-year smoker, n (%) 1,619 (31) 648 (27)
Deyo-Charlson comorbidity

index �3, n (%) 924 (18) 474 (19)
Surgical CPT category, n (%)

Musculoskeletal 1,801 (35) 836 (34)
Gastrointestinal 1,184 (23) 571 (23)
Cardiovascular or thoracic 1,009 (20) 468 (19)
Genitourinary 910 (18) 441 (18)
Other 267 (5) 123 (5)

Surgical RVU quartile, n (%)
0�12.35 1,371 (27) 698 (29)
12.43�18.67 1,282 (25) 624 (26)
18.68�21.45 1,373 (27) 630 (26)
21.47�81.40 1,145 (22) 487 (20)

Days AUDIT-C to surgery,
mean � SD 163 � 104 163 � 104

No. of postoperative
complications, mean � SD 0.15 � 0.53 0.16 � 0.56

Complication subtypes, n (%)
Surgical field 234 (5) 103 (4)
Infectious other than at

surgical site 238 (5) 122 (5)
Cardiopulmonary 90 (2) 51 (2)
Delirium 224 (4) 100 (4)
Other 120 (2) 73 (3)

*Percents do not sum to 100 due to missing values.
AUDIT-C, Alcohol Use Disorder Identification Test Consumption Ques
types of postoperative complications.
All statistical analyses were conducted using Stata/MP
11.1 software (StataCorp).

RESULTS

Characteristics of the study sample
This study included 5,171 male VA patients who com-
pleted the AUDIT-C alcohol screening questionnaire by
mail and were hospitalized for a nonemergent, noncardiac
major surgery in the following year (Table 1). The mean

spital for Nonemergent Major Surgery, by AUDIT-C Risk Group
Drinkers (n � 2,732; 53%)

p Value

Low-risk
UDIT-C 1 to 4)
� 1,853; 36%)

At-risk
(AUDIT-C 5 to 8)
(n � 649; 13%)

High-risk
(AUDIT-C 9 to 12)

(n � 230; 4%)

65 � 11 63 � 10 60 � 7 �0.0005
0.010

1,552 (84) 508 (78) 187 (81)
131 (7) 59 (9) 17 (7)
78 (4) 52 (8) 16 (7)
64 (3) 23 (4) 8 (3)

1,031 (56) 314 (48) 92 (40) �0.0005
357 (19) 110 (17) 34 (15) �0.0005
539 (29) 291 (45) 141 (61) �0.0005

289 (16) 111 (17) 50 (22) 0.004
0.56

665 (36) 220 (34) 80 (35)
416 (22) 150 (23) 47 (20)
342 (18) 146 (23) 53 (23)
331 (18) 102 (16) 36 (16)
99 (5) 31 (5) 14 (6)

�0.0005
483 (26) 141 (22) 49 (21)
447 (24) 164 (25) 47 (20)
506 (27) 177 (27) 60 (26)
417 (23) 167 (26) 74 (32)

162 � 103 164 � 104 159 � 101 0.91

0.11 � 0.41 0.18 � 0.58 0.27 � 0.80 �0.0005

73 (4) 41 (6) 17 (7) 0.011

70 (4) 31 (5) 15 (7) 0.13
15 (1) 15 (2) 9 (4) �0.0005
73 (4) 40 (6) 11 (5) 0.09
26 (1) 14 (2) 7 (3) 0.006

aire; CPT, Current Procedural Terminology; RVU, relative value units.
rs Ho

)
(A
(n
number of days between alcohol screening and surgery was
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163 (SD 104). The majority of eligible men were white,
married, and older than 60 years. Ten percent experienced
at least 1 complication in the 30 postoperative days, with
higher rates among those who had undergone gastrointes-
tinal (16%) or cardiovascular/thoracic (14%) surgery com-
pared with genitourinary (8%), musculoskeletal (7%), or
other (6%) surgery.

More than half of the study sample reported drinking in
the past year on the AUDIT-C (Table 1), including 1,853
(36%) low-risk drinkers (AUDIT-C 1 to 4), 649 (13%)
at-risk drinkers (AUDIT-C 5 to 8), and 230 (4%) high-risk
drinkers (AUDIT-C 9 to 12). Higher-risk drinkers were
more likely to be younger, unmarried, Hispanic, and past-year
smokers, and less likely to be disabled. Higher-risk drinking
was also associated with greater surgical complexity as mea-
sured by work RVUs, and increased number of postoperative
complications, including surgical field, cardiopulmonary, and
other (eg, bleeding, neurologic, thromboembolic, and renal)
complications.

Postoperative hospital LOS
Postoperative hospital LOS ranged from 1 to 142 days,
with a mean of 5.5 (95% CI, 5.3�5.7) days and a median
of 4 days. After truncating LOS to 30 days, the mean was
5.3 (95% CI, 5.1�5.4) days. Patients with high-risk drink-
ing (AUDIT-C 9–12) spent nearly a day longer in the

Table 2. Postoperative Inpatient Health Care Use, by AUDI

Nondrin
(AUDIT

Outcomes within 30 days of surgery (95% CI)
Mean hospital LOS, d

Unadjusted model 5.4 (5.1�

Adjusted model† 5.4 (5.1�

Mean ICU days during hospitalization, if admitted‡

Unadjusted model 3.2 (2.9�

Adjusted model† 3.2 (2.9�

Predicted probability of return to the OR
Unadjusted model 0.06 (0.05
Adjusted model† 0.06 (0.05

Outcomes within 30 days of discharge (95% CI)
Predicted probability of hospital readmission

Unadjusted model 0.09 (0.08
Adjusted model† 0.08 (0.07

*p � 0.05, compared with low-risk drinkers.
†Adjusted for sociodemographics (ie, age, race/ethnicity, marital status, disa
quartiles of surgical relative value units, and days from alcohol screening to s
‡n � 1,913.
§p � 0.01, compared with low-risk drinkers.
�p � 0.0005, compared with low-risk drinkers.

UDIT-C, Alcohol Use Disorder Identification Test Consumption Question
hospital after surgery compared with low-risk drinkers
(AUDIT-C 1 to 4); mean 5.9 (95% CI, 5.0�6.7) vs mean
5.0 (95% CI, 4.7�5.3) days; p � 0.06 (Table 2). After
adjusting for sociodemographics, smoking status, surgical
CPT category, surgical RVU, and days from AUDIT-C to
surgery, the increased LOS observed among high-risk
drinkers was statistically significant (p � 0.04). Hospital
LOS was not increased among patients with at-risk drink-
ing (AUDIT-C 5 to 8), but nondrinkers (AUDIT-C 0) had
significantly longer LOS in both unadjusted and adjusted
analyses (mean 5.4 [95% CI, 5.1�5.7] days).

Alternative regression methods
Although hospital LOS data were highly skewed and het-
eroscedastic, adjusted results were consistent across alterna-
tive regression methods. The generalized linear models and
extended estimating equations models passed all goodness-
of-fit tests, but estimates were virtually identical to those
from linear regression and efficiency was not substantially
improved.

LOS within 90 postoperative days
When hospital LOS was truncated to 90 rather than 30
days (mean 5.5 [95% CI, 5.3�5.7]), it remained signifi-
cantly increased among high-risk drinkers (mean 6.5 [95%
CI, 5.2�7.9] days) and nondrinkers (mean 5.6 [95% CI,
5.3�5.9] days) relative to low-risk drinkers (mean 5.2

isk Group
Drinkers

Low-risk
(AUDIT-C 1 to 4)

At-risk
(AUDIT-C 5 to 8)

High-risk
(AUDIT-C 9 to 12)

* 5.0 (4.7�5.3) 5.4 (5.0�5.9) 5.9 (5.0�6.7)
* 5.0 (4.7�5.3) 5.3 (4.9�5.8) 5.8 (5.0�6.7)*

* 2.8 (2.6�3.1) 3.3 (2.8�3.9) 4.5 (3.2�5.8)*
* 2.8 (2.6�3.1) 3.3 (2.8�3.8) 4.5 (3.2�5.8)§

8)* 0.05 (0.04�0.06) 0.05 (0.04�0.07) 0.11 (0.07�0.15)�

7)* 0.05 (0.04�0.06) 0.05 (0.03�0.07) 0.10 (0.06�0.13)§

0)* 0.07 (0.06�0.08) 0.07 (0.05�0.09) 0.08 (0.05�0.11)
9)* 0.06 (0.05�0.07) 0.06 (0.04�0.08) 0.07 (0.04�0.11)

status), smoking status, surgical Current Procedural Terminology category,
.

; LOS, length of stay; OR, operating room.
T-C R

kers
-C 0)

5.7)
5.7)

3.5)
3.6)

�0.0
�0.0

�0.1
�0.0

bility
urgery
[95% CI, 4.8�5.5] days) in adjusted analyses.
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Total ICU days
During postoperative hospitalization, 1,913 men were ad-
mitted to the ICU, 95% on the day of surgery. Total ICU
days ranged from 1 to 100 (mean 3.5 [95% CI, 3.2�3.7];
median 2) and 75 (4%) of the 1,913 had multiple ICU
stays. After restricting ICU days to those occurring in the
first 30 days of postoperative hospitalization (mean 3.2
[95% CI, 3.0�3.4] days), as specified a priori, high-risk
drinkers (mean 4.5 [95% CI, 3.2�5.8] days) and non-
drinkers (mean 3.2 [95% CI, 2.9�3.6] days) had signifi-
cantly more ICU days compared with low-risk drinkers
(mean 2.8 [95% CI, 2.6�3.1] days) in unadjusted and
adjusted analyses (Table 2).

Alternative regression methods
Results were robust across alternative regression methods.
Only the extended estimating equations model passed all
goodness-of-fit tests, but point estimates and estimates of
variance were virtually identical to those from linear
regression.

Total ICU days not truncated to 30 days
Sensitivity analyses evaluating ICU days without truncat-
ing to the first 30 postoperative days revealed that high-risk
drinkers (mean 6.0 [95% CI, 3.3�8.6] days), but not non-
drinkers (mean 3.5 [95% CI, 3.0�4.0] days) had signifi-
cantly more ICU days compared with low-risk drinkers
(mean 3.0 [95% CI, 2.6�3.3] days) in adjusted analyses.

Return to the OR
A total of 310 (6%) of the 5,171 surgical patients returned
to the OR within 30 days of surgery. High-risk drinkers
had �2-fold greater odds of returning to the OR compared

ith low-risk drinkers in unadjusted and adjusted analyses.
he adjusted predicted probability of return to the OR was
0% (95% CI, 6�13%) among high-risk drinkers com-
ared with 5% (95% CI, 4�6%) among low-risk drinkers
Table 2). Nondrinkers also had significantly increased
dds of returning to the OR compared with low-risk drink-
rs in unadjusted and adjusted analyses (adjusted predicted
robability: 6% [95% CI, 5�7%]).

Hospital readmission
In the 30 days after discharge, 398 (8%) of the 5,171 sur-
gical patients were readmitted to the hospital. Compared
with low-risk drinkers, the odds of readmission were in-
creased only among nondrinkers (adjusted predicted prob-
ability: 8% [95% CI, 7�9%] vs 6% [95% CI, 5�7%];
Table 2).

Adjustment for additional covariates
Secondary analyses investigating the role of potentially me-

diating variables revealed that, of the 40 preoperative risk
factors evaluated, only Deyo-Charlson comorbidity �3
and sodium level �135 substantially influenced the ad-
justed association of high-risk drinking with any outcomes.
Deyo-Charlson comorbidity and sodium level each altered
the association with hospital LOS by at least 10%, and
Deyo-Charlson comorbidity alone altered the association
with total ICU days by this magnitude. After adjusting for
these potential mediators, total ICU days but not hospital
LOS remained increased among high-risk drinkers
(Table 3). No preoperative risk factor substantially altered
the association of high-risk drinking with return to the OR.

After also adjusting for number and subtypes of postop-
erative complications, only return to the OR remained sig-
nificantly increased among high-risk drinkers (Table 3).

DISCUSSION
This study of VA surgical patients compared postoperative
inpatient health care use across AUDIT-C risk groups and
found that high-risk drinkers (AUDIT-C 9 to 12), on av-
erage, spent nearly a day longer in the hospital, had 1.5
more ICU days, and were twice as likely to return to the
OR compared with low-risk drinkers (AUDIT-C 1 to 4),
after adjusting for sociodemographic variables, smoking
status, surgical CPT category, surgical RVU, and time from
alcohol screening to surgery. High-risk drinking was not
associated with hospital readmission. Lower level at-risk
drinking (AUDIT-C 5 to 8) was not associated with any
measure of postoperative health care use. Nondrinkers had
increased health care use on all measures compared with
low-risk drinkers, but the magnitudes of the differences
were relatively small.

Although patients who screen positive for alcohol mis-
use on the AUDIT-C with scores �5 in the year before
surgery have increased risk of postoperative complications
compared with low-risk drinkers (AUDIT-C 1 to 4),4 this
study found increased postoperative inpatient health care
use only among those with the most severe alcohol misuse
(AUDIT-C �9). This is consistent with previous studies
that have reported increased postoperative health care use
among surgical patients who report heavy daily drinking
up to the time of hospital admission, but not among those
who report drinking at lower levels. Specifically, European
studies have found that surgical patients who report drink-
ing �60 g alcohol (ie, �4 US standard drinks) daily before
urgery tend to have longer hospital LOS, more ICU ad-
issions, prolonged ICU stays, and more secondary oper-

tions compared with those who report drinking �25 g
lcohol (�2 US standard drinks) daily.6-14 However, drink-

ing �30 g alcohol (�2 US standard drinks) daily was not
associated with prolonged hospital LOS or increased ICU

admissions in a European study of noncardiac surgery pa-
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tients.42 In previous studies of VA patients, documentation
of drinking �2 drinks daily in the 2 weeks before surgery
was associated with prolonged LOS among those undergo-
ing major head and neck surgery,43 but not among those

ndergoing urologic surgery44 or major noncardiac sur-
gery.45 Results are also consistent with a previous study that
evaluated alcohol use based on a validated screening ques-
tionnaire administered at the time of hospital admission.26

The study found that hospital LOS was increased among
surgical patients who had very high scores (�20) on the
10-item AUDIT, but not among those who screened pos-
itive for alcohol misuse with lower scores (8 to 19).

This study demonstrates associations between routinely
collected AUDIT-C alcohol screening scores from up to a
year before surgery and 3 measures of postoperative inpa-
tient health care use. The validated 3-item AUDIT-C is
practical for routine alcohol screening,46 and is required
annually for VA outpatients nationwide.47 Many factors

Table 3. Postoperative Health Care Use after Additional Adjus

Nondrinkers
(AUDIT-C 0)

Outcomes within 30 days of surgery (95% CI)
Mean hospital LOS, d

Additional preoperative risk factors† 5.4 (5.1�5.6)
No. and subtypes of postoperative

complications‡
5.3 (5.1�5.6)

Mean ICU days during hospitalization, if
admitted§

Additional preoperative risk factors† 3.2 (2.9�3.5)
No. and subtypes of postoperative

complications‡
3.1 (2.9�3.4)

Predicted probability of return to the OR
Additional preoperative risk factors† 0.06 (0.05�0.0
No. and subtypes of postoperative

complications‡
0.05 (0.04�0.0

Outcomes within 30 days of discharge (95%
CI)

Predicted probability of hospital
readmission

Additional preoperative risk factors† 0.08 (0.07�0.0
No. and subtypes of postoperative

complications‡
0.07 (0.06�0.0

*All models include covariates from primary adjusted model: sociodemograph
surgical relative value units, and days from alcohol screening to surgery.
†Additional preoperative risk factors were those that changed the associat
Deyo-Charlson comorbidity �3; ICU days: Deyo-Charlson comorbidity �3
primary adjusted model (Table 2); hospital readmission: no association with
‡Total number and subtypes (ie, surgical field, infectious other than at surg
surgery were added to fully adjusted model, including any additional preope
§n � 1,913.
�p � 0.05, compared with low-risk drinkers.
¶p � 0.01, compared with low-risk drinkers.
AUDIT-C, Alcohol Use Disorder Identification Test Consumption Question
an contribute to increased postoperative health care use, L
ncluding surgical complications, more complex opera-
ions, and preoperative morbidity, all of which are more
ommon among higher risk drinkers. In addition, the
athway between high-risk drinking and increased health
are use may vary depending on the outcomes measure. For
xample, it is plausible that high-risk drinkers stay in the
ospital longer because of psychosocial and socioeconomic
actors, such as inadequate home care and social support
esources or homelessness, rather than increased medical
eed. In this study, investigation of potential mediators
evealed that after adjusting for Deyo-Charlson comorbid-
ty score and low sodium, the association between high-risk
rinking and hospital LOS was no longer significant. How-
ver, the estimated mean LOS remained more than half a
ay longer in the high-risk group, suggesting multiple im-
ortant mediating factors. As expected, postoperative com-
lications emerged as the primary explanatory mechanism,
ccounting for �75% of the remaining difference in mean

t* for Potentially Mediating Variables, by AUDIT-C Risk 0 Group
Drinkers

Low-risk
(AUDIT-C 1–4)

At-risk
(AUDIT-C 5–8)

High-risk
(AUDIT-C 9–12)

5.1 (4.8�5.3) 5.4 (5.0�5.8) 5.7 (4.9�6.5)
5.2 (5.0�5.5) 5.2 (4.9�5.6) 5.4 (4.7�6.0)

2.9 (2.6�3.1) 3.3 (2.8�3.8) 4.4 (3.1�5.7)�

3.1 (2.9�3.4) 3.1 (2.7�3.5) 3.9 (3.1�4.7)

0.05 (0.04�0.06) 0.05 (0.03�0.07) 0.10 (0.06�0.13)¶

0.04 (0.03�0.05) 0.03 (0.02�0.05) 0.07 (0.04�0.10)�

0.06 (0.05�0.07) 0.06 (0.04�0.08) 0.07 (0.04�0.11)
0.06 (0.05�0.07) 0.05 (0.04�0.07) 0.06 (0.03�0.08)

oking status, surgical Current Procedural Terminology category, quartiles of

ith high-risk drinking by �10%—hospital LOS: sodium �135 mEq/L,
rn to OR: no variable changed the association by 10%, results equivalent to
risk drinking, results equivalent to primary adjusted model (Table 2).
te, cardiopulmonary, delirium, other) of complications in the 30 days after
risk factors.

; LOS, length of stay; OR, operating room.
tmen

7)�

5)

9)�

8)

ics, sm

ion w
; retu
high-
ical si
rative
OS. The association between high-risk drinking and ICU
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days was also explained in part by Deyo-Charlson comor-
bidity score, but only after also adjusting for postopera-
tive complications was the association no longer signif-
icant. Somewhat surprisingly, the odds of returning to
the OR remained increased among high-risk drinkers,
even after adjusting for postoperative complications. Al-
though AUDIT-C scores �5 from up to a year before sur-
gery have been associated with postoperative complica-
tions,4 findings of this study suggest that only the highest

UDIT-C scores (9 to 12) identify surgical inpatients who
re also at risk for increased postoperative health care use,
ncluding costly ICU care and return to the OR.

Several limitations of this study should be noted. The
UDIT-C asks about drinking in the previous year and
lcohol screening preceded surgery by up to 1 year. A mod-
fied AUDIT-C administered closer to the time of surgery
hat asked about drinking in the previous month might
ave a stronger association with postoperative health care
se. Additionally, although results were adjusted for several

mportant covariates, some degree of residual and unmea-
ured confounding might have persisted. In particular, ad-
usting for surgical RVU and CPT category cannot fully
ccount for variation in procedural complexity; number
nd subtypes of postoperative complications cannot fully
apture variation in complication severity; and important
sychosocial, socioeconomic, or behavioral factors might
ave been excluded. In addition, this study did not evaluate
ther sources of increased resource use among high-risk
rinkers (eg, medications, x-rays, consultations) that could
lso increase the costs of postoperative care. The generaliz-
bility of the results might be limited by the patient popu-
ation, which was a chance sample of VA patients who
eturned confidential, mailed patient satisfaction surveys
response rate 62%29) and underwent nonemergent, non-
ardiac major surgery in the following year. The findings
ight not apply to individuals who receive care from

ealth care systems other than the VA, especially women,
acial/ethnic minorities, and younger patients. Finally, the
eneralizability of findings to clinical settings might be
imited because the AUDIT-C was completed by mailed
urvey, which tends to identify greater numbers of patients
ith alcohol misuse compared with clinical administra-

ion.48,49 Nationwide VA clinical AUDIT-C data were not
available at the time this study was conducted and the
association between clinical alcohol screening scores and
postoperative health care use should be confirmed in future
research. The survey-based AUDIT-C scores were not
available to the surgical care team and there was no system-
atic alcohol intervention as a consequence of a high score.

However, this study also has potentially important im-

plications. Alcohol misuse is common among surgical pa-
tients,1,3 making increased postoperative health care use
mong high-risk drinkers an important issue for surgical
are providers and referring physicians. Although a ran-
omized controlled trial that demonstrated the efficacy of a
onth-long abstinence-based preoperative intervention

or reducing postoperative complications did not find a
ubstantial reduction in hospital LOS, it had limited power
or detecting the decrease in LOS in the intervention
roup.17 The current study suggests that AUDIT-C alcohol

screening from up to a year before surgery not only identi-
fies surgical patients with an increased risk of postoperative
complications (ie, scores 5 to 12),4 but also a subset of the

ighest-risk drinkers who have substantially increased post-
perative health care use (ie, scores 9 to 12). If preoperative
lcohol interventions not only decrease postoperative com-
lications but also reduce postoperative health care use in a
ubset of patients, it would help offset the costs of screening
nd intervention. Additional research is needed to confirm
he efficacy of targeted preoperative alcohol interventions
or decreasing postoperative complications and to evaluate
ssociated health care use and cost implications.

CONCLUSIONS
This study suggests that the 3-item AUDIT-C alcohol
screening questionnaire can identify not only patients at
increased risk of postoperative complications [4], but also a
subset of high-risk drinkers with increased postoperative
health care use (ie, scores 9 to 12). Health care systems are
increasingly implementing routine alcohol screening using
evidence-based measures, and AUDIT-C screening results
could be used to identify patients at risk for increased post-
operative health care use. Future trials are needed to deter-
mine whether interventions can reduce postoperative
health care use and costs as well as complications.
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Table S1. Alcohol Use Disorder Identification Test Con-
sumption Questionnaire (AUDIT-C), as included on Veterans
Affairs Survey of Healthcare Experience for Patients (SHEP),
and Scoring

1. How often did you have a drink containing alcohol
in the past 12 months? Consider a “drink” to be a can or
bottle of beer, a glass of wine, a wine cooler, or one cock-
tail or a shot of hard liquor (like scotch, gin or vodka).
(Please mark only one.)

□ Never (0 points)
□ Monthly or less (1 point)
□ 2–4 times a month (2 point)
□ 2–3 times a week (3 point)
□ 4–5 times a week (4 point)
□ 6 or more times a week (4 point)

2. How many drinks containing alcohol did you have
n a typical day when you were drinking in the past 12

months?
□ 0 drinks (Did not drink in the past

12 months) (0 points)
□ 1–2 drinks (0 points)
□ 3–4 drinks (1 point)
□ 5–6 drinks (2 point)
□ 7–9 drinks (3 point)
□ 10 or more drinks (4 point)

3. How often did you have 6 or more drinks on one
occasion in the past 12 months?

□ Never (0 points)
□ Less than monthly (1 point)
□ Monthly (2 point)
□ Weekly (3 point)
□ Daily or almost daily (4 point)
Scores from the individual questions are summed for a

otal score ranging from 0 to 12 points, with scores of 0
ndicative of no alcohol use and higher scores indicative of
reater severity.
Table S2. Preoperative Risk Factors from the Veterans
Affairs Surgical Quality Improvement Program Evaluated as
Potential Mediators
Potentially mediating preoperative risk factors from VASQIP

with <5% missing
American Society of Anesthesiology Physical Status Classification

immediately before surgery (mild or no systemic disease [1�2
points], severe systemic disease [3], life-threatening systemic
disease [4�5])

Functional status/level of self-care demonstrated at admission to
hospital (independent, partially dependent, totally dependent)

History of cerebrovascular accident/stroke with persistent residual
neurological deficit

History of cerebrovascular accident/stroke with no current
neurological deficit

Hemiplegia
History of transient ischemic attacks
Tumor involving CNS
Impaired sensorium
Diabetes mellitus controlled with oral agents or insulin
Dyspnea
Ascites
Bleeding disorder
History of severe COPD
Congestive heart failure in 30 days before surgery
DNR status
Chemotherapy for malignancy in last 30 days
Disseminated cancer
Preoperative sepsis in 48 hours before surgery
Radiotherapy for malignancy in last 90 days
Steroid use for chronic condition
Open wound/wound infection
Weight loss �10% in last 6 months
Current pneumonia
Currently on dialysis
Preoperative acute renal failure
Preoperative serum creatinine �1.2 mg/dL
Preoperative hematocrit �38
Preoperative serum glutamic oxaloacetic �40 mU/mL
Preoperative sodium �135 mEq/L
Preoperative WBC �4.5 � 1,000/mm3)
Preoperative alkaline phosphatase �125 mU/mL
Preoperative total bilirubin �1.0 mg/dL
BUN �40 mg/dL
Preoperative hematocrit �45
Preoperative platelet count �150 � 1,000/mm3

Preoperative prothrombin time �13.27 seconds
Preoperative partial thromboplastin time �35 seconds
Preoperative sodium �145 mEq/L
Preoperative WBC � 11.0 � 1,000/mm3
VASQIP, Veterans Affairs Surgical Quality Improvement Program.
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