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ABSTRACT
Objectives  To evaluate associations between alcohol brief 
intervention (BI) in primary care and 12-month drinking 
outcomes and 18-month health outcomes among adults 
with hypertension and type 2 diabetes (T2D).
Design  A population-based observational study using 
electronic health records data.
Setting  An integrated healthcare system that 
implemented system-wide alcohol screening, BI and 
referral to treatment in adult primary care.
Participants  Adult primary care patients with 
hypertension (N=72 979) or T2D (N=19 642) who 
screened positive for unhealthy alcohol use between 2014 
and 2017.
Main outcome measures  We examined four drinking 
outcomes: changes in heavy drinking days/past 3 months, 
drinking days/week, drinks/drinking day and drinks/week 
from baseline to 12-month follow-up, based on results 
of alcohol screens conducted in routine care. Health 
outcome measures were changes in measured systolic 
and diastolic blood pressure (BP) and BP reduction ≥3 mm 
Hg at 18-month follow-up. For patients with T2D, we also 
examined change in glycohaemoglobin (HbA1c) level and 
‘controlled HbA1c’ (HbA1c<8%) at 18-month follow-up.
Results  For patients with hypertension, those who 
received BI had a modest but significant additional −0.06 
reduction in drinks/drinking day (95% CI −0.11 to −0.01) 
and additional −0.30 reduction in drinks/week (95% CI 
−0.59 to −0.01) at 12 months, compared with those who 
did not. Patients with hypertension who received BI also 
had higher odds for having clinically meaningful reduction 
of diastolic BP at 18 months (OR 1.05, 95% CI 1.00 to 
1.09). Among patients with T2D, no significant associations 
were found between BI and drinking or health outcomes 
examined.
Conclusions  Alcohol BI holds promise for reducing 
drinking and helping to improve health outcomes among 
patients with hypertension who screened positive for 
unhealthy drinking. However, similar associations were 
not observed among patients with T2D. More research is 
needed to understand the heterogeneity across diverse 

subpopulations and to study BI’s long-term public health 
impact.

INTRODUCTION
Hypertension and type 2 diabetes (T2D), two 
of the most prevalent and costly health condi-
tions in the USA1 are chronic diseases exac-
erbated by alcohol consumption. According 
to the Centers for Disease Control and 
Prevention, more than 34 million (about 1 in 
10) Americans have diabetes (among them 
90%–95% have T2D) and 108 million (or 
45%) have hypertension.2 3 Hypertension and 
T2D prevalences continue to rise worldwide, 
with hypertension cases predicted to increase 
from 1.3 billion in 20164 to 1.56 billion by 
2025,5 and T2D cases from 415 million to 
642 million by 2040.6 The major cause of 
morbidity and mortality in both conditions 
is cardiovascular disease (CVD), a leading 
cause of death in the US and globally.6 Given 
the impact of CVD on population health, 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Our study is among the first large-scale population-
based studies of associations between alcohol brief 
intervention and both drinking and health outcomes 
among adult primary care patients with hyperten-
sion and type 2 diabetes.

	⇒ Potential confounding and selection bias were limit-
ed by inclusion of a comprehensive set of covariates 
in the electronic health record and by application of 
causal inference statistical methods.

	⇒ Limitations include potential residual confounding 
from unmeasured confounders and limited gener-
alisability of findings to other healthcare systems or 
uninsured populations.
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improved management of hypertension and T2D is key 
to reducing CVD risk and mortality.

Unhealthy alcohol use (encompassing subclinical at-risk 
drinking and alcohol use disorder7) complicates clinical 
management of hypertension and T2D and increases 
CVD risk.8 The relationship between alcohol consump-
tion and CVD risk has been described as a J-shaped curve 
with many studies finding moderate drinking (generally 
<3 standard drinks/day) associated with reduced CVD 
risk compared with abstinence or heavier drinking.9–12 
However, a recent genetic epidemiology study found that 
the previously observed associations between moderate 
drinking and reduced CVD risk may not be causal.13 
Another study found even moderate drinking was associ-
ated with hypertension and elevated CVD risk in patients 
with T2D.14 Alcohol consumption is an important modi-
fiable risk factor that providers can address; reduction 
in alcohol intake can lead to lower CVD vulnerability 
among T2D15 16 and hypertension patients.17 Given that 
most hypertension and patients with T2D are managed 
in primary care, this setting provides a key opportunity to 
address unhealthy alcohol use for these patients.

For over 20 years, public health leaders have recom-
mended routine screening, brief intervention and referral 
to treatment (SBIRT) in adult primary care as an evidence-
based, population health strategy to address unhealthy 
drinking.18 In addition to systematic screening using vali-
dated measures, core components include brief interven-
tion (‘BI’) and referral to specialty treatment (‘RT’) as 
needed. BI is the essential feature providing a first-line 
opportunity to engage patients in discussion about the 
risks of unhealthy alcohol use, and to encourage them to 
cut back or abstain. However, clinical trials designed to 
determine the efficacy of BIs in reducing unhealthy use 
have had mixed results,19–26 and effectiveness research in 
the context of real-world implementation is rare.

Evidence for the real-world effects of alcohol BI on 
health outcomes, such as blood pressure (BP) and glyco-
haemoglobin (HbA1c)-related outcomes among hyper-
tension and patients with T2D, is even more limited. A 
systematic review27 identified six studies on alcohol BI 
among patients with hypertension. While findings suggest 
positive effects of alcohol BI on BP outcomes, only three 
examined BP outcomes, of which two had small sample 
sizes. The same review identified two studies of alcohol BI 
among patients with diabetes in primary care, with posi-
tive findings regarding BI’s effect on drinking outcomes. 
However, samples in both studies were small and diabetes-
related outcomes, including cardiovascular risk factors, 
the leading cause of death among patients with T2D,28 
were not included. In a large pragmatic trial comparing 
SBIRT modalities at Kaiser Permanente Northern Cali-
fornia (KPNC), alcohol BI delivered by primary care 
providers was positively associated with better BP control 
at 18 months, and for those with lower heavy drinking 
frequency and poor BP control at index screening.29 
However, no other large-scale SBIRT implementation 
studies have examined the impact of alcohol BI on 

health outcomes. Expanding the scientific knowledge 
base on the relationship between alcohol BI and health 
outcomes for primary care patients with chronic condi-
tions addresses a critical knowledge gap, and findings 
could provide a strong incentive for physicians to help 
patients reduce unhealthy drinking.

To address these substantial gaps in the literature, 
the current study examined associations between 
receiving alcohol BI and 12-month drinking outcomes 
and 18-month health outcomes among adult patients 
with hypertension and T2D who screened positive for 
unhealthy alcohol use in adult primary care. The study 
was conducted in the context of a systematic, population-
based SBIRT programme in an integrated healthcare 
delivery system; findings could contribute substantially 
to understanding the effectiveness of alcohol BI in these 
clinical populations.

Methods
Study setting
KPNC is a non-profit integrated healthcare system of over 
four million members, representing about a third of all 
Northern Californians, with a socioeconomically diverse 
membership similar to the local and state-wide insured 
population, excluding those with very low income. 
KPNC provides care to a population insured through 
employer-based plans, Medicare, Medicaid and health 
insurance exchanges and its members are highly repre-
sentative of the US population with access to care.30 31 
KPNC has 21 medical centres, 233 medical offices and 
2147 adult primary care physicians and providers, and 
provides specialty psychiatry and addiction treatment as 
a covered benefit. Sociodemographics, diagnoses, clinic 
visits, procedures, medications and laboratory measure-
ments were maintained in KPNC electronic health record 
(EHR), which the study principal investigator and the 
lead analyst had full access to.

Systematic alcohol screening and BI
The Alcohol as a Vital Sign (AVS) initiative is an SBIRT 
workflow in adult primary care (Internal Medicine or 
Family Practice) at KPNC. Using National Institute on 
Alcohol Abuse and Alcoholism (NIAAA) evidence-based 
screening instruments embedded in the EHR, medical 
assistants ask a single-item question about heavy drinking 
(‘How many times in the past 3 months have you had five 
or more drinks in a day’ (for men aged 18–65 years), or 
‘four or more drinks’ for men aged ≥66 years and women 
of all ages), followed by two questions on typical drinking 
days per week and typical number of drinks per drinking 
day.32 Medical assistants ask these questions as they collect 
other vital sign information, and record patient answers 
in the EHR.

Drinking that exceeds recommended daily and/or 
weekly limits (>7 drinks/week for women and men aged 
66 and older, or >14 drinks/week for men aged 18–65), is 
considered positive for unhealthy drinking. Per protocol, 
physicians offer patients who screen positive a BI based 
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on motivational interviewing principles,33 including a 
referral to outpatient addiction medicine treatment 
if indicated. The EHR alerts medical assistants with a 
reminder to screen patients annually, except for those 
who had a prior positive alcohol screening, in which case 
the reminder is issued every 6 months until the patient 
has a negative screening. See online supplemental docu-
ment 1 for detailed descriptions of the AVS protocol.

Sample
We identified 440 882 patients who screened positive for 
unhealthy drinking in KPNC adult primary care between 
1 January 2014 and 31 December 2017; the index date 
was defined as the date of the first positive screen for 
unhealthy drinking during this period (the index 
screening).

Among them, a sample of patients with hypertension 
(N=95 022) was identified based on the International 
Statistical Classification of Diseases, 9th/10th revision 
(ICD-9/ICD-10) codes (online supplemental table 1) 
received in the prior year. We excluded patients who: (1) 
did not have continuous membership in the year prior 
to index date (N=13 735), (2) were older than 85 on 
the index date (N=1795) or (3) did not have complete 
alcohol index screening data (N=6513); resulting in a 
final analytical sample of 72 979 patients with hyperten-
sion (‘hypertension sample’). We also identified a sample 
of patients with T2D using KPNC’s diabetes registry34 35 
(N=24 996). We excluded patients who: (1) did not have 
continuous membership in the prior year (N=3516), 
(2) were older than 85 on the index date (N=319) or 
(3) did not have complete alcohol index screening data 
(N=1519); resulting in a final analytical sample of 19 642 
patients with T2D (‘T2D sample’). The Strengthening 
the Reporting of Observational Studies in Epidemiology 
(STROBE) diagrams36 are available for both samples 
(online supplemental figure 1 and online supplemental 
figure 2).

Patient and public involvement
No patient involved.

Measures
BI at index screening
BI on the index date was determined by using ICD-9 
(V65.42 and V65.49) or ICD-10 codes (Z71.41 and 
Z71.89), Current Procedural Terminology codes (96160, 
99420, 99408 and 99409) and Healthcare Common 
Procedure Coding System codes (G0396, G0397, G0443 
and H0050).

Alcohol consumption at index screening
Based on self-reported drinking levels at index screening, 
we further classified patients in both samples into mutu-
ally exclusive groups as ‘exceeding only daily limit’, 
‘exceeding only weekly limit’ or ‘exceeding both daily 
and weekly limits’, per NIAAA guidelines.

Other index screening measures
We defined index year of screening, as well as the index 
facility and department, based on the index positive 
screening.

Drinking outcomes at 12-month follow-up
We examined four drinking outcomes: change in heavy 
drinking days/past 3 months (ie, days drinking exceeding 
daily limits, ‘heavy drinking’), change in drinking days/
week (‘drinking frequency’), change in drinks/drinking 
day (‘drinking intensity’) and change in drinks/week 
(‘total consumption’) from baseline to 12-month 
follow-up, using follow-up AVS alcohol screenings derived 
from EHR data. Because patients may not have had a 
follow-up alcohol screening exactly 12 months postindex, 
we identified follow-up screenings between 6 and 12 
months postindex date; if a patient had more than one 
screening during this period, the one closest to 12-month 
follow-up was chosen.

Health outcomes at 18-month follow-up
For patients with hypertension, the health outcome 
measures were changes from baseline in systolic and 
diastolic BP (SBP and DBP) at 18-month follow-up per 
EHR records. We also created a binary measure of ≥3 mm 
Hg reduction from baseline at 18 months, an indicator of 
clinically meaningful change.37–40 For patients with T2D, 
we examined the above BP measures given the prevalence 
of hypertension and importance of BP control in CVD risk 
reduction among them,14 41 42 as well as change in HbA1c 
level and ‘controlled A1c’ (HbA1c<8%),43 at 18-month 
follow-up per EHR lab records. We identified follow-up 
health outcome measures between 12 months and 18 
months postindex date; for multiple EHR measures, the 
one closest to 18-month follow-up was chosen.

Patient characteristics
From the EHR, we extracted patients’ sex, age, race/
ethnicity and insurance type at the index date. Smoking 
status was determined based on the most recent tobacco 
screening in the year before the index date. We used the 
most recent record of self-reported physical activity in the 
prior year and classified individuals into three groups: 
inactive (0 min/week), insufficient activity (>0 but <149 
min/week) and sufficient activity (≥150 min/week).44 
Similarly, we used the most recent record of body mass 
index in the prior year and created four groups: under-
weight (<18.5), normal weight (18.5–24.9), overweight 
(25.0–29.9) and obese (≥30.0).45 To adjust for medical 
comorbidity burden, we used the Charlson Comorbidity 
Score46 and categorised results into 0, 1, 2, ≥3. We also 
identified whether individuals had an alcohol use disorder, 
drug use disorder or mental health condition47 48 (depres-
sion, bipolar disorder, schizophrenia, schizoaffective 
disorder, anxiety disorder, obsessive–compulsive disorder, 
pervasive developmental disorder, anorexia nervosa and 
bulimia nervosa) in the year prior to index date, based on 
ICD-9 and ICD-10 codes (online supplemental table 1). 
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We used neighbourhood deprivation index49 as a proxy 
for individual socioeconomic status. In addition, we 
extracted patients’ service utilisation (emergency depart-
ment, inpatient and primary care) in the year prior to 
the index screening and summarised each of them into 
categories of 0, 1, 2, ≥3.

For the hypertension sample, we extracted the 
following clinical characteristics associated with receipt of 
BI, drinking or health outcomes in prior studies50: adher-
ence to antihypertensive medication in the year prior to 
index screening, measured as proportions of days covered 
and categorised into ‘no prescriptions’, ‘<50%’, ‘50%–
79%’, ‘80%–89%’ and ‘90%–100%’; BP level at the index 
visit categorised into ‘hypertension’ (systolic BP ≥140 or 
diastolic BP ≥90), ‘elevated/prehypertension’ (systolic 
BP=120–139 or diastolic BP=80–89), ‘normal’ (systolic BP 
<120 or diastolic BP <80) per KPNC guideline.51 Similarly, 
we extracted EHR data on the following clinical charac-
teristics for those in the T2D sample: whether they were 
already on insulin in the prior year; adherence to oral 
glycaemic-lowering medication, antihypertensive medi-
cation and lipid-lowering medication in the prior year 
(same categories as above); HbA1c level at the index visit 
(‘<7%’, ‘7 % to <8%’, ‘8% to <9%’, ‘≥9%’); BP level (same 
categories as above); estimated glomerular filtration rate 
(eGFR) at index t based on serum creatinine and catego-
rised into ‘normal or high’, ‘mildly decreased’, ‘mildly–
moderately decreased’, ‘moderately–severely decreased’, 
‘severely decreased’ or ‘kidney failure’.52

Provider characteristics
For primary care providers of the index screening, we 
extracted providers’ age, sex, race/ethnicity, specialty 
(internal medicine, family practice) and years of service 
from KPNC administrative databases.

Statistical analysis
We used marginal structural models with inverse prob-
ability weighting (MSM-IPW) to examine differences 
in: (1) drinking outcomes at 12 months and (2) health 
outcomes at 18 months between those who did and did 
not receive BI for unhealthy alcohol use, among patients 
with hypertension and T2D separately. Marginal struc-
tural models are a class of statistical methods that aim to 
fully adjust for measured confounders to enhance treat-
ment group comparability in observational studies, thus 
allowing estimating causal associations in a way approx-
imating randomised controlled trials. Analyses for (1) 
involved four steps. First, for each patient, we gener-
ated inverse probability of treatment weight (IPTW) for 
receiving BI for the index positive screening by fitting 
logistic regression models on a set of patient and provider 
characteristics that were hypothesised to be associated 
with receiving BI and/or the drinking outcomes within 
that sample, based on preliminary analyses and the litera-
ture. Second, for each patient, we generated inverse prob-
ability weights for being censored (IPCW) at 12 months 
for each patient by fitting logistic regression models on 

the same set of covariates as above, plus receipt of BI 
for the index screening. Third, for each patient, a stabi-
lised weight was generated as the product of IPTW and 
IPCW. Fourth, for each drinking outcome at 12 months, 
we estimated the associations between BI and each of 
the drinking outcomes by fitting weighted regression 
models using the stabilised weights, with estimates and 
robust standard errors acquired using SAS SURVEYREG 
procedure. Analyses for (2) involved similar four steps, 
with step 2 estimating IPCW at 18 months and step 4 
estimating the associations between BI and each of the 
health outcomes at 18 months using SURVEYREG and 
SURVEYLOGISTIC for continuous and binary outcome 
measures, respectively.

We also examined whether associations between BI and 
outcomes differ by the following baseline patient charac-
teristics: index alcohol consumption level, BP level, sex 
and age group (18–29/30–44/45–64/≥65).53 For each of 
these variables, we re-estimated the weights within each 
level of the variable, then estimated associations between 
BI and each of the drinking and health outcomes using 
a single weighted model including the interaction terms 
between BI and the variable. Significance was defined 
at p<0.05 and all tests were two tailed. Analyses were 
performed using SAS V.9.4 (SAS Institute).

RESULTS
Sample description
Most patients with hypertension (n=72 979) and T2D 
(n=19 642) who screened positive for unhealthy drinking 
were male (68% and 79%, respectively) and white 
(71% and 53%, respectively), with mean age around 60 
(mean (SD) =61.7 (12.7) and 59.8 (12.6), respectively) 
(table 1). About 17% and 15% reported drinking at levels 
exceeding daily and weekly limits, respectively. In both 
samples, about 5% had an alcohol use disorder diagnosis 
and about 15% had comorbid mental health conditions 
in the prior year; over three-fourths were overweight or 
obese and about one-seventh reported current smoking. 
At the index visit, 83% and 78% of patients with hyper-
tension and T2D had BP at elevated/prehypertension or 
hypertension levels, respectively.

Proportions receiving BI at the index positive screening 
were 45% (32 835 out of 72,979) and 43% (9406 out of 
19 642) in the hypertension sample and T2D sample, 
respectively. We calculated the standardised differences 
of means (for continuous variables) and proportions 
(for categorical variables) with and without applying 
the inverse probability weighting; results indicated that 
weighting improved the balance in patient characteris-
tics between BI and no-BI groups (online supplemental 
tables 2–12).

Associations between BI and 12-month drinking outcomes
About half of both samples had a follow-up alcohol 
screening at 12 months. Among each, all four drinking 
outcomes decreased from baseline, with an average 
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Table 1  Characteristics of patients with hypertension and T2D who screened positive for unhealthy drinking

Hypertension 
sample (N=72 979)

T2D sample 
(N=19 642)

Alcohol consumption level (%) Exceeding only daily limits 39.7 52.4

Exceeding only weekly limits 43.5 32.6

Exceeding both daily and weekly limits 16.8 15.1

Receiving BI (%) 45.0 42.8

Age, mean (SD) 61.6 (12.7) 59.8 (12.6)

Male (%) 67.5 79.0

Race/ethnicity (%) Asian/Pacific Islander 6.9 11.8

Black 7.7 8.5

Hispanic 12.9 24.5

Other 2.0 2.5

White 70.5 52.8

Insurance type (%) Commercial 50.7 56.0

Medicaid 1.6 2.2

Medicare 47.4 41.4

Other/unknown 0.4 0.4

Comorbidities 1 year prior (%) Any alcohol use disorders 4.8 4.6

Any drug use disorders 1.2 1.1

Any mental health disorders 17.0 14.8

Charlson Index (%) 0 53.1 7.8

1 22.2 41.6

2 11.9 22.3

≥3 12.8 28.4

Body mass index category Normal 16.7 9.0

Obese 42.8 56.4

Overweight 35.5 30.2

Underweight 0.5 0.1

Unknown 4.5 4.3

Smoking status Non-smoker 84.4 82.9

Smoker 14.0 15.2

Unknown 1.6 1.8

Physical activity level (%) Inactive 35.8 41.5

Insufficient activity 24.7 24.9

Sufficient activity 37.9 30.4

Unknown 1.5 3.3

Blood Pressure at Index Visit (%) Normal (SBP <120 and DBP <80) 12.4 16.7

Elevated or prehypertension (SBP 120–139 or DBP 
80–89)

63.0 63.4

Hypertension (SBP ≥140 or DBP ≥90) 20.2 14.3

Unknown 4.4 5.6

HbA1c Level (%) <7% – 42.2

7% to <8% – 21.8

8% to <9% – 9.3

≥9% – 15.0

Unknown 11.6

Continued
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decline of 2.4 heavy drinking days/past 3 months, 1.1 
drinking day/week, 0.9 drinks/day and 4.0 drinks/week 
in patients with hypertension and an average decline of 

3.0 heavy drinking days/past 3 months, 1.0 drinking day/
week, 1.1 drinks/day and 3.9 drinks/week in patients with 
T2D. We did not find significant associations between BI 

Hypertension 
sample (N=72 979)

T2D sample 
(N=19 642)

On insulin 1 year prior (%) No – 84.8

Yes – 15.2

eGFR stages (%) G1 (normal or high) – 35.2

G2 (mildly decreased) – 39.1

G3a (mildly–moderately decreased) – 8.1

G3b (moderately–severely decreased) – 2.8

G4 (severely decreased) – 0.5

G5 kidney failure – 0.1

Unknown – 14.3

Medication adherence 1 year prior (%)

Oral glycaemic lowering No Rx – 40.2

Medication <50% – 7.2

50%–79% – 13.6

80%–89% – 9.5

90%–100% – 29.5

Antihypertensive medications No Rx 17.1 26.2

<50% 5.8 5.7

50%–79% 11.8 10.7

80%–89% 11.4 9.9

90%–100% 53.9 47.6

Lipid-lowering medications No Rx – 32.2

<50% – 8.7

50%–79% – 16.0

80%–89% – 13.0

90%–100% – 30.1

Utilisation 1 year prior (%)

Emergency department visits None 81.4 80.8

1 13.7 13.7

2 3.1 3.5

>=3 1.8 2.0

Inpatient encounters None 95.0 95.3

1 4.0 3.7

2 0.8 0.7

≥3 0.3 0.4

Primary care visits None 55.9 55.2

1 27.7 27.9

2 9.7 9.8

≥3 6.7 7.1

BI, brief intervention; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA1c, glycohaemoglobin; SBP, systolic blood 
pressure; T2D, type 2 diabetes.

Table 1  Continued
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and change in heavy drinking days or change in drinking 
days/week at 12 months in either sample. For the hyper-
tension sample, those who received BI had additional 
reductions of −0.06 drinks/day (95% CI −0.11 to −0.01) 
and −0.30 drinks/week reduction (95% CI −0.59 to −0.01) 
at 12 months compared with those who did not receive BI 
(table 2).

However, associations between BI and drinking 
outcomes varied by patient characteristics among patients 
with hypertension. For them, receiving BI resulted in 
greater reduction on all four drinking outcomes at 12 
months for those exceeding only daily drinking limits at 
baseline, but not for those exceeding only weekly limits 
or for those exceeding both daily and weekly limits; 
the heterogeneity was significant for change in heavy 
drinking days/past 3 months and drinks/drinking day at 
12 months (p value for the interaction between BI and 
alcohol consumption <0.05 for both). We also found 
heterogeneity by age: receiving BI resulted in significant 
reductions in drinking days/week, drinks/drinking day 
and drinks/week in 45–64 years old, but not in other age 
groups. Hypertension patients with hypertensive baseline 
BP who received BI had a significant reduction in drinks/
drinking day (mean difference (95% CI) −0.19 (−0.32 to 
−0.06), p=0.003).

For patients with T2D, receiving BI resulted in signifi-
cantly greater reduction in drinks/drinking day in 30–44 
years old (−0.64 (−1.16 to −0.12), p=0.016) but not in other 
age groups. Those with hypertensive baseline BP who 
received BI had a significant reduction in the number of 
heavy drinking days (mean difference (95% CI) = −2.59 
(−4.89 to −0.28), p=0.028) compared with those who did 
not receive BI, but the p value for the interaction between 
BI and baseline BP level was not significant (p=0.058).

Associations between BI and BP outcomes at 18 months
Over 60% of patients with hypertension and T2D had 
BP measures at 18-month follow-up. On average, there 
was a 1.3 mm Hg decrease in diastolic BP and 0.9 mm 
Hg decrease in systolic BP at 18 months, with 45% had 
a reduction ≥3 mm Hg for each among hypertension 
patients, and a 0.9 mm Hg decrease in diastolic BP and 
0.01 mm Hg increase for systolic BP at 18 months, with 
43% had a reduction ≥3 mm Hg for each among patients 
with T2D, respectively.

Among patients with hypertension, those who received 
a BI had an additional −0.26 mm Hg decline in DBP at 18 
months (95% CI=−0.54 to 0.01, p=0.062) compared with 
those who did not, and had 5% higher odds of having a 
≥3 mm Hg DBP reduction at 18 months (OR=1.05, (95% 
CI)= (1.00 to 1.09), p=0.043), but there was no difference 
in change in SBP (table 3). We found no heterogeneity by 
patient characteristics. However, results suggested that for 
patients with hypertension who drank at levels exceeding 
only weekly limits, receiving BI resulted in 7% higher 
odds of having DBP reduced ≥3 mm Hg at 18 months 
(95% CI=1.01 to 1.14, p=0.032).

We did not find significant associations between BI and 
BP outcomes at 18 months among patients with T2D. 
However, women with T2D who received a BI had signifi-
cantly higher SBP and lower odds of having SBP reduced 
≥3 mm Hg at 18 months than women who did not receive 
a BI (mean difference (95% CI)=2.86 (1.07 to 4.65) and 
OR (95% CI)=0.74 (0.61 to 0.89), respectively), while no 
significant associations between BI and change in SBP 
were found for men with T2D.

Associations between BI and HbA1c outcomes at 18 months 
among patients with T2D
About 59% of patients with T2D had HbA1c measures 
at 18-month follow-up. Among them, 71% had HbA1c 
<8% at 18-month follow-up. We found no significant asso-
ciations between BI and HbA1c outcomes at 18 months 
among patients with T2D, overall or by patient character-
istics (table 4).

DISCUSSION
We examined relationships between receiving an alcohol 
BI from a primary care physician and four drinking 
outcomes at 12 months and health outcomes at 18 
months, among adults with hypertension and T2D who 
screened positive for unhealthy alcohol use during 
routine population-based screening within an inte-
grated healthcare system. On average, we found that 
self-reported drinking decreased at 12- month follow-up, 
whether or not a BI was received. Results from MSM-IPW 
analyses found that for patients with hypertension, those 
who received BI had a modest but significant additional 
reduction in drinking intensity (an additional −0.06 
reduction in drinks/drinking day) and total consump-
tion (an additional −0.30 reduction in drinks/week) 
at 12 months, compared with those not receiving a BI. 
However, receiving BI was not significantly associated 
with change in heavy drinking or drinking frequency 
among patients with hypertension, nor with any of the 
four drinking outcomes among patients with T2D. While 
results suggested a minimal overall BI effectiveness on 
reducing drinking at 12 months in both samples, we 
found potential heterogeneity by patient characteristics, 
indicating that BIs may be more effective for specific 
subgroups. BI was beneficial in reducing drinking for 
patients with hypertension who were exceeding only 
daily limits at the index date, for men and for adults aged 
45–64; and possibly for patients who had DBP >90/SBP 
>140 at the index date.

Effects of alcohol on cardiovascular health are hetero-
geneous and vary according to consumption dose and 
pattern.17 Some studies suggest that average quantity of 
alcohol consumption plays a more important role in the 
risk of hypertension than frequency of drinking,54 whereas 
others suggest consistent long-term heavy drinking is a 
cause for elevated hypertension risk.55 More research is 
needed to determine whether, why and for whom BI is 
more effective on some drinking outcomes than others. 
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Table 2  Associations between BI and 12-month drinking outcomes among patients with hypertension and T2D who screened 
positive for unhealthy drinking

Effect size of receiving BI, yes vs no

Hypertension sample T2D sample

Est. (95% CI) P value
Int. P 
value Est. (95% CI) P value

Int. P 
value

Outcome=change in heavy drinking 
days/past 3 months

Overall −0.10 (−0.64 to 0.44) 0.709 – −0.07 (−1.04 to 0.89) 0.883 –

Baseline alcohol consumption level 0.005 0.551

 � Exceeding only daily limits −0.46 (−0.85 to –0.07) 0.022 −0.49 (−1.13 to 0.15) 0.132

 � Exceeding only weekly limits 0.38 (0.01 to 0.75) 0.046 0.06 (−0.77 to 0.90) 0.881

 � Exceeding both daily and weekly limits −1.30 (−3.46 to 0.86) 0.238 0.66 (−4.62 to 5.95) 0.806

Baseline BP category 0.224 0.058

 � Normal −0.11 (−1.34 to 1.11) 0.855 −0.86 (−2.42 to 0.69) 0.275

 � Elevated/prehypertension 0.06 (−0.57 to 0.69) 0.853 0.47 (−0.77 to 1.71) 0.457

 � Hypertension −1.14 (−2.35 to 0.07) 0.064 −2.59 (−4.89 to –0.28) 0.028

Sex 0.244 0.244

 � Female 0.34 (−0.31 to 0.98) 0.305 0.70 (−0.62 to 2.02) 0.298

 � Male −0.23 (−0.93 to 0.47) 0.522 −0.33 (−1.46 to 0.80) 0.565

Age group 0.916 0.773

 � 18–29 −0.99 (−3.92 to 1.93) 0.505 −0.48 (−6.13 to 5.17) 0.869

 � 30–44 −0.43 (−2.18 to 1.31) 0.627 −1.29 (−3.96 to 1.38) 0.344

 � 45–64 −0.03 (−0.93 to 0.88) 0.955 0.19 (−1.17 to 1.56) 0.782

 � 65+ −0.25 (−0.80 to 0.30) 0.381 −0.47 (−1.62 to 0.67) 0.419

Outcome=change in drinking days/week

Overall −0.05 (−0.12 to 0.03) 0.214 – −0.05 (−0.16 to 0.06) 0.370 –

Baseline alcohol consumption level 0.315 0.125

 � Exceeding only daily limits −0.08 (−0.16 to –0.01) 0.028 0.08 (−0.04 to 0.20) 0.176

 � Exceeding only weekly limits 0.01 (−0.09 to 0.10) 0.851 −0.17 (−0.38 to 0.04) 0.120

 � Exceeding both daily and weekly limits −0.03 (−0.25 to 0.19) 0.801 −0.04 (−0.42 to 0.33) 0.821

Baseline BP category 0.736 0.682

 � Normal −0.04 (−0.21 to 0.12) 0.627 −0.07 (−0.33 to 0.20) 0.622

 � Elevated/prehypertension <0.01 (−0.07 to 0.07) 0.994 −0.05 (−0.18 to 0.09) 0.520

 � Hypertension −0.08 (−0.30 to 0.14) 0.467 0.10 (−0.21 to 0.41) 0.539

Sex 0.432 0.249

 � Female −0.09 (−0.19 to 0.02) 0.102 −0.18 (−0.44 to 0.07) 0.159

 � Male −0.03 (−0.12 to 0.06) 0.534 −0.02 (−0.14 to 0.11) 0.785

Age group 0.274 0.730

 � 18–29 0.25 (−0.22 to 0.73) 0.298 0.11 (−0.59 to 0.81) 0.754

 � 30–44 −0.16 (−0.56 to 0.24) 0.437 0.08 (−0.28 to 0.44) 0.664

 � 45–64 −0.09 (−0.19 to <−0.01) 0.047 −0.12 (−0.29 to 0.05) 0.183

 � 65+ <−0.01 (−0.09 to 0.09) 1.000 −0.04 (−0.21 to 0.14) 0.699

Outcome=change in drinks/drinking day

Overall −0.06 (−0.11 to –0.01) 0.020 – −0.11 (−0.24 to 0.02) 0.087 –

Baseline alcohol consumption level 0.021 0.589

 � Exceeding only daily limits −0.12 (−0.20 to –0.04) 0.004 −0.13 (−0.28 to 0.03) 0.106

 � Exceeding only weekly limits 0.01 (−0.05 to 0.07) 0.690 −0.07 (−0.23 to 0.10) 0.437

 � Exceeding both daily and weekly limits −0.11 (−0.28 to 0.05) 0.165 −0.29 (−0.69 to 0.12) 0.161

Continued
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Nevertheless, the current results are encouraging, as our 
prior research found that among KPNC adult primary 
care patients who drank, those with hypertension and 
T2D were more likely to exceed the drinking limits,56 
and our findings suggest that alcohol screening and BI 
in adult primary care may be an important cost-effective 
service for chronic disease prevention and intervention, 
given its brevity, low cost and potential reach.57 Further, 
population-level impacts of primary care SBIRT imple-
mentation in health systems may be substantial.

When examining associations between BI and 
BP outcomes, we found that among patients with 

hypertension, those who received BI had higher odds of 
clinically meaningful reduction of DBP at 18 months. In 
addition, BI may have been beneficial for those exceeding 
only weekly drinking limits at the index date. Epidemio-
logical studies suggested that a 2–3 mm Hg decrease in 
BP is associated with lower CVD risk, for example, a 2 
mm Hg increase in BP increases mortality from stroke by 
10% and from coronary artery disease by 7%,37 while a 
2–3 mm Hg decrease in BP is associated with a 4% lower 
risk of coronary death and a 6% lower risk of stroke death 
in middle age.40 Thus, to put into a population health 
perspective, our findings of significant BI effectiveness on 

Effect size of receiving BI, yes vs no

Hypertension sample T2D sample

Est. (95% CI) P value
Int. P 
value Est. (95% CI) P value

Int. P 
value

Baseline BP category 0.033 0.934

 � Normal −0.08 (−0.21 to 0.06) 0.259 −0.07 (−0.31 to 0.18) 0.582

 � Elevated/prehypertension −0.01 (−0.07 to 0.05) 0.798 −0.13 (−0.29 to 0.04) 0.140

 � Hypertension −0.19 (−0.32 to –0.06) 0.003 −0.12 (−0.44 to 0.20) 0.459

Sex 0.142 0.495

 � Female −0.01 (−0.07 to 0.05) 0.791 −0.05 (−0.24 to 0.15) 0.646

 � Male −0.08 (−0.15 to –0.01) 0.027 −0.13 (−0.28 to 0.02) 0.085

Age group 0.009 0.029

 � 18–29 −1.20 (−2.86 to 0.46) 0.156 1.27 (0.01 to 2.53) 0.048

 � 30–44 −0.23 (−0.47 to <0.01) 0.053 −0.64 (−1.16 to –0.12) 0.016

 � 45–64 −0.10 (−0.19 to –0.01) 0.024 −0.05 (−0.25 to 0.14) 0.593

 � 65+ 0.03 (−0.02 to 0.07) 0.297 −0.05 (−0.17 to 0.07) 0.417

Outcome=change in drinks/week

Overall −0.30 (−0.59 to –0.01) 0.043 – −0.13 (−0.79 to 0.53) 0.706 –

Baseline alcohol consumption level 0.788 0.710

 � Exceeding only daily limits −0.33 (−0.55 to –0.10) 0.005 0.03 (−0.29 to 0.36) 0.833

 � Exceeding only weekly limits −0.19 (−0.53 to 0.14) 0.258 −0.30 (−1.13 to 0.52) 0.469

 � Exceeding both daily and weekly limits −0.40 (−1.37 to 0.58) 0.424 −0.45 (−2.92 to 2.02) 0.721

Baseline BP category 0.256 0.943

 � Normal −0.31 (−0.87 to 0.25) 0.276 −0.27 (−1.25 to 0.70) 0.583

 � Elevated/prehypertension −0.11 (−0.41 to 0.20) 0.492 −0.08 (−0.92 to 0.75) 0.849

 � Hypertension −0.80 (−1.58 to –0.02) 0.045 −0.30 (−1.70 to 1.09) 0.672

Sex 0.558 0.370

 � Female −0.18 (−0.49 to 0.13) 0.267 −0.57 (−1.43 to 0.29) 0.190

 � Male −0.32 (−0.71 to 0.06) 0.099 −0.05 (−0.80 to 0.70) 0.890

Age group 0.439 0.575

 � 18–29 −1.22 (−5.69 to 3.25) 0.593 1.77 (−0.99 to 4.53) 0.209

 � 30–44 −0.18 (−1.66 to 1.31) 0.817 −0.42 (−2.22 to 1.39) 0.652

 � 45–64 −0.56 (−1.03 to –0.09) 0.019 0.01 (−0.96 to 0.99) 0.981

 � 65+ −0.12 (−0.40 to 0.16) 0.405 −0.18 (−0.83 to 0.46) 0.580

Bold values denote statistical significance at the p < 0.05 level.
BI, brief intervention; BP, blood pressure; NS, non-significant at p<0.05 level; T2D, type 2 diabetes.

Table 2  Continued
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Table 3  Associations between BI and 18-month blood pressure outcomes among patients with hypertension and T2D who 
screened positive for unhealthy drinking

Effect size of receiving BI, yes vs no

Hypertension sample T2D sample

Est. (95% CI) P value
Interaction 
p value Est. (95% CI) P value

Interaction 
p value

Outcome=change in 
diastolic BP

Overall −0.26 (−0.54 to 0.01) 0.062 – 0.21 (−0.27 to 0.69) 0.393 –

Baseline alcohol consumption 
level

0.658 0.440

 � Exceeding only daily limits −0.32 (−0.79 to 0.15) 0.186 0.18 (−0.51 to 0.87) 0.600

 � Exceeding only weekly 
limits

−0.36 (−0.73 to <0.01) 0.051 −0.08 (−0.87 to 0.72) 0.849

 � Exceeding both daily and 
weekly limits

0.01 (−0.70 to 0.72) 0.985 1.04 (−0.47 to 2.56) 0.178

Baseline BP category 0.740 0.744

 � Normal −0.05 (−0.67 to 0.57) 0.874 0.52 (−0.48 to 1.51) 0.310

 � Elevated/prehypertension −0.19 (−0.46 to 0.09) 0.180 0.10 (−0.45 to 0.65) 0.716

 � Hypertension −0.44 (−1.20 to 0.33) 0.260 −0.07 (−1.84 to 1.70) 0.938

Sex 0.537 0.979

 � Female −0.40 (−0.83 to 0.04) 0.072 0.18 (−1.02 to 1.38) 0.767

 � Male −0.22 (−0.57 to 0.12) 0.205 0.20 (−0.34 to 0.74) 0.466

Age group 0.919 0.188

 � 18–29 1.19 (−3.02 to 5.39) 0.581 0.73 (−3.82 to 5.29) 0.752

 � 30–44 −0.35 (−1.42 to 0.73) 0.530 0.90 (−1.04 to 2.83) 0.364

 � 45–64 −0.23 (−0.68 to 0.22) 0.321 0.51 (−0.19 to 1.21) 0.151

 � 65+ −0.27 (−0.60 to 0.06) 0.103 −0.49 (−1.18 to 0.21) 0.169

Outcome=change in 
systolic BP

Overall −0.18 (−0.61 to 0.25) 0.410 – 0.33 (−0.43 to 1.09) 0.392 –

Baseline alcohol consumption 
level

0.604 0.188

 � Exceeding only daily limits −0.21 (−0.91 to 0.49) 0.555 0.16 (−0.88 to 1.20) 0.763

 � Exceeding only weekly 
limits

−0.34 (−0.91 to 0.24) 0.255 −0.01 (−1.29 to 1.27) 0.990

 � Exceeding both daily and 
weekly limits

0.32 (−0.82 to 1.45) 0.585 2.62 (0.02 to 5.22) 0.049

Baseline BP category 0.649 0.055

 � Normal 0.21 (−0.69 to 1.11) 0.652 −0.10 (−1.67 to 1.48) 0.903

 � Elevated/prehypertension −0.21 (−0.63 to 0.21) 0.326 −0.22 (−1.04 to 0.60) 0.603

 � Hypertension 0.11 (−0.94 to 1.15) 0.843 3.26 (0.54 to 5.97) 0.019

Sex 0.781 0.002

 � Female −0.12 (−0.80 to 0.55) 0.723 2.86 (1.07 to 4.65) 0.002

 � Male −0.24 (−0.78 to 0.29) 0.366 −0.27 (−1.12 to 0.57) 0.526

Age group 0.845 0.181

 � 18–29 −0.57 (−5.25 to 4.11) 0.811 1.60 (−3.46 to 6.65) 0.535

 � 30–44 0.46 (−1.05 to 1.97) 0.548 2.46 (−0.32 to 5.24) 0.083

 � 45–64 −0.14 (−0.84 to 0.56) 0.695 0.48 (−0.61 to 1.58) 0.388

 � 65+ −0.26 (−0.80 to 0.28) 0.342 −0.61 (−1.79 to 0.58) 0.315

Continued
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Effect size of receiving BI, yes vs no

Hypertension sample T2D sample

Est. (95% CI) P value
Interaction 
p value Est. (95% CI) P value

Interaction 
p value

Outcome=decrease in 
diastolic BP ≥3 mm Hg

Overall 1.05 (1.00 to 1.09) 0.043 – 1.00 (0.92 to 1.08) 0.933 –

Baseline alcohol consumption 
level

0.714 0.883

 � Exceeding only daily limits 1.04 (0.96 to 1.12) 0.336 0.98 (0.87 to 1.11) 0.784

 � Exceeding only weekly 
limits

1.07 (1.01 to 1.14) 0.032 1.02 (0.89 to 1.18) 0.759

 � Exceeding both daily and 
weekly limits

1.02 (0.92 to 1.14) 0.678 0.97 (0.77 to 1.21) 0.759

Baseline BP category 0.830 0.503

 � Normal 1.02 (0.88 to 1.18) 0.804 0.88 (0.69 to 1.12) 0.302

 � Elevated/prehypertension 1.05 (1.00 to 1.11) 0.058 1.03 (0.93 to 1.14) 0.626

 � Hypertension 1.02 (0.92 to 1.13) 0.737 1.04 (0.82 to 1.32) 0.754

Sex 0.562 0.382

 � Female 1.07 (0.99 to 1.14) 0.083 1.08 (0.89 to 1.30) 0.457

 � Male 1.04 (0.98 to 1.09) 0.176 0.98 (0.89 to 1.07) 0.638

Age group 0.622 0.864

 � 18–29 0.72 (0.42 to 1.25) 0.244 0.81 (0.36 to 1.81) 0.609

 � 30–44 1.05 (0.90 to 1.22) 0.532 1.06 (0.79 to 1.43) 0.688

 � 45–64 1.05 (0.98 to 1.12) 0.192 0.97 (0.85 to 1.10) 0.632

 � 65+ 1.04 (0.98 to 1.10) 0.181 1.02 (0.90 to 1.15) 0.763

Outcome=decrease in 
Systolic BP ≥3 mm Hg

Overall 1.04 (0.99 to 1.08) 0.097 – 0.98 (0.90 to 1.06) 0.576

Baseline alcohol consumption 
level

0.327 0.147

 � Exceeding only daily limits 1.05 (0.98 to 1.13) 0.168 0.95 (0.84 to 1.08) 0.453

 � Exceeding only weekly 
limits

1.05 (0.99 to 1.12) 0.111 1.08 (0.94 to 1.24) 0.306

 � Exceeding both daily and 
weekly limits

0.96 (0.87 to 1.07) 0.479 0.84 (0.67 to 1.05) 0.117

Baseline BP category 0.958 0.221

 � Normal 1.02 (0.86 to 1.20) 0.854 1.01 (0.76 to 1.33) 0.957

 � Elevated/prehypertension 1.04 (0.99 to 1.09) 0.138 1.02 (0.92 to 1.13) 0.713

 � Hypertension 1.03 (0.91 to 1.16) 0.653 0.78 (0.59 to 1.04) 0.087

Sex 0.614 0.001

 � Female 1.05 (0.98 to 1.13) 0.146 0.74 (0.61 to 0.89) 0.001

 � Male 1.03 (0.98 to 1.09) 0.268 1.04 (0.95 to 1.15) 0.371

Age group 0.839 0.263

 � 18–29 1.18 (0.69 to 2.04) 0.547 0.64 (0.29 to 1.41) 0.266

 � 30–44 1.01 (0.87 to 1.17) 0.927 0.84 (0.63 to 1.13) 0.257

 � 45–64 1.05 (0.98 to 1.13) 0.141 0.97 (0.85 to 1.10) 0.589

 � 65+ 1.02 (0.96 to 1.08) 0.491 1.07 (0.95 to 1.21) 0.278

Bold values denote statistical significance at the p < 0.05 level.
BI, brief intervention; BP, blood pressure; HbA1c, glycohaemoglobin ; NS, non-significant at p<0.05 level; T2D, type 2 diabetes.

Table 3  Continued
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BP outcomes among patients with hypertension provide 
further support for the potential for BI to have a substan-
tial public health impact.

Among patients with T2D, we found no significant asso-
ciations between BI and BP outcomes. Rather, women 
who received a BI had worse 18-month SBP outcomes 

compared with those who did not, while no significant 
difference was found between men who did or did 
not receive BI. BI was not significantly associated with 
18-month HbA1c outcomes either, overall or among 
patient subgroups. There are several possible explana-
tions for this lack of impact, as glycaemic control involves 

Table 4  Associations between BI and 18-month HbA1c outcomes among patients with T2D who screened positive for 
unhealthy drinking

Effect size of receiving BI, yes vs no

Est. (95% CI) P value
Interaction
p value

Outcome=change in HbA1c level

Overall −0.03 (−0.09 to 0.03) 0.400 –

Baseline alcohol consumption level 0.411

 � Exceeding only daily limits 0.01 (−0.08 to 0.11) 0.812

 � Exceeding only weekly limits −0.07 (−0.16 to 0.01) 0.082

 � Exceeding both daily and weekly limits −0.05 (−0.22 to 0.12) 0.557

Baseline BP category 0.158

 � Normal 0.08 (−0.05 to 0.21) 0.242

 � Elevated/prehypertension −0.04 (−0.12 to 0.03) 0.257

 � Hypertension −0.14 (−0.35 to 0.07) 0.196

Sex 0.588

 � Female 0.01 (−0.12 to 0.13) 0.909

 � Male −0.03 (−0.10 to 0.04) 0.356

Age group 0.825

 � 18–29 0.10 (−0.76 to 0.97) 0.813

 � 30–44 −0.11 (−0.41 to 0.20) 0.493

 � 45–64 0.02 (−0.09 to 0.12) 0.748

 � 65+ −0.03 (−0.09 to 0.04) 0.418

Outcome=HbA1 c level<8%

Overall 1.08 (0.99 to 1.18) 0.100 –

Baseline alcohol consumption level 0.521

 � Exceeding only daily limits 1.04 (0.92 to 1.17) 0.584

 � Exceeding only weekly limits 1.09 (0.91 to 1.30) 0.357

 � Exceeding both daily and weekly limits 1.22 (0.94 to 1.59) 0.135

Baseline BP category 0.341

 � Normal 0.96 (0.76 to 1.20) 0.705

 � Elevated/prehypertension 1.09 (0.97 to 1.22) 0.170

 � Hypertension 1.25 (0.95 to 1.64) 0.112

Sex 0.909

 � Female 1.07 (0.85 to 1.35) 0.569

 � Male 1.09 (0.98 to 1.20) 0.107

Age group 0.652

 � 18–29 1.48 (0.66 to 3.32) 0.346

 � 30–44 1.18 (0.91 to 1.53) 0.218

 � 45–64 1.02 (0.90 to 1.17) 0.735

 � 65+ 1.09 (0.92 to 1.28) 0.320

BI, brief intervention; BP, blood pressure; HbA1c, glycohaemoglobin; NS, non-significant at p<0.05 level; T2D, type 2 diabetes.
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a wide array of factors, including disease severity, medica-
tion intensity and patient adherence to medications and 
lifestyle changes.58 It is also challenging to address the 
many competing demands of patients with T2D within the 
time constraints of a typical primary care visit.59 60 While 
we were unable to explore the underlying mechanisms of 
these (significant or null) results, the findings underscore 
that different approaches, including tailoring to popula-
tion subgroups or health conditions, may be needed to 
address unhealthy drinking and related health outcomes, 
especially for women. For example, the literature suggests 
that BP check-ups and hypertension awareness were 
higher among women than men but did not translate 
into better antihypertensive medication practice,61 and 
women with T2D exhibit worse control of HbA1c, BP and 
lipids than men.62–65 Research by our group66 67 and other 
researchers68 69 also found that women were less likely to 
receive BI when screened positive for unhealthy alcohol 
use, but a growing literature has described potential BI 
adaptations for women70 that might improve outcomes. 
Future studies, including non-randomised longitudinal 
studies with appropriate analytical approaches such as 
MSM-IPW, are also needed to estimate causal effects of 
BI over time while addressing time-varying confounders, 
including disease severity, provider attitudes and biases, 
psychological confounders and corresponding medica-
tion adherence. Findings may help inform better treat-
ment strategies tailored to patient subgroups, with the 
ultimate goal of reducing cardiovascular mortality in the 
population.

The study has several limitations. Measures of drinking 
outcomes were based on results of brief alcohol screens 
conducted in routine care, which could limit their 
precision. Despite adjustment for rich, key covariates 
from a well-established EHR, there may be residual 
confounding from unmeasured confounders. Similar 
to other EHR-based studies, data on BI were limited 
to what was documented in the EHR, and BI quality 
could not be assessed. Data on other covariates such as 
alcohol consumption and exercise were based on self-
report and subject to social desirability bias, however, 
questions were designed to support patient candour.67 
KPNC has a well-established EHR and has a member-
ship that is racially diverse and reflects the US popula-
tion with access to care, which allows us to study a large 
population-based sample of patients and providers, yet 
it is unknown how well the study’s findings generalise to 
other healthcare systems and populations. Our analyses 
examining interactions between BI and patient char-
acteristics may have limited power, especially for anal-
yses of the T2D sample. Other limitations of subgroup 
analyses examining potential treatment heterogeneity 
should be taken into consideration when interpreting 
results.71 Further, examination of long-term and cumu-
lative BI effects is beyond the scope of current work but 
warrants future research.

CONCLUSION
In a large healthcare system that implemented system-
atic primary care-based SBIRT, we found that alcohol BI 
may hold promise for reducing drinking and helping to 
improve health outcomes among patients with hyperten-
sion who screened positive for unhealthy drinking, but 
similar effects are undetermined among patients with 
T2D. BIs offered as part of a programme of systematic 
screening and BI for unhealthy alcohol use may be an 
important addition to the primary care chronic disease 
prevention and intervention armamentarium. More 
research is needed to understand heterogeneity across 
diverse subpopulations and to study BI’s long-term public 
health impact.

Author affiliations
1Division of Research, Kaiser Permanente Northern California, Oakland, California, 
USA
2Department of Psychiatry, University of California San Francisco, San Francisco, 
California, USA
3Permanente Medical Group, San Francisco, California, USA
4Permanente Medical Group, Campbell, California, USA

Acknowledgements  We thank Romain Neugebauer, PhD for statistical 
consultation and Agatha Hinman, BA for editorial assistance with the manuscript. 
Thanks to Dr Richard Saitz for important guidance on the early development of this 
study.

Contributors  Study concept and design: SAS, FWC and SP. Acquisition of data: 
FWC, VAP and YL. Statistical analysis: FWC. Interpretation of data: FWC, SAS, SP, 
VAP, AK-S, CMW, DDS and VEM. Drafting of the manuscript: FWC and SAS. Critical 
review and editing of the manuscript: FWC, SAS, SP, VAP, AK-S, CMW, DDS, RWG, 
JE, TBR, SA, YL and VEM. Study supervision: SS. Author responsible for the overall 
content as the guarantor: SAS.

Funding  This study was supported by a grant (R01AA025902) from the National 
Institute on Alcohol Abuse and Alcoholism. DS’s effort was supported by a grant 
(K24 AA025703) from the National Institute on Alcohol Abuse and Alcoholism.

Disclaimer  The funders had no role in considering the study design or in the 
collection, analysis, interpretation of data, writing of the report or decision to submit 
the article for publication.

Competing interests  None declared.

Patient and public involvement  Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication  Not applicable.

Ethics approval  This study was approved by the Institutional Review Board at 
KPNC.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available on reasonable request.

Supplemental material  This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability 
and responsibility arising from any reliance placed on the content. Where the 
content includes any translated material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited to local regulations, clinical 
guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or 
otherwise.

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

http://creativecommons.org/licenses/by-nc/4.0/


14 Chi FW, et al. BMJ Open 2023;13:e064088. doi:10.1136/bmjopen-2022-064088

Open access�

ORCID iD
Felicia W Chi http://orcid.org/0000-0001-8191-9622

REFERENCES
	 1	 Ward BW, Schiller JS. Prevalence of multiple chronic conditions 

among US adults: estimates from the National health interview 
survey, 2010. Prev Chronic Dis 2013;10:E65.

	 2	 Centers for Disease Control and Prevention, National Center for 
Chronic Disease Prevention and Health Promotion, Division of 
Diabetes Translation. National diabetes statistics report 2020: 
estimates of diabetes and its burden in the United States, 2020. 
Available: https://www.cdc.gov/diabetes/pdfs/data/statistics/​
national-diabetes-statistics-report.pdf [Accessed November 19, 
2021].

	 3	 Centers for Disease Control and Prevention, National Center for 
Chronic Disease Prevention and Health Promotion, Division for Heart 
Disease and Stroke Prevention. Facts about hypertension, 2021. 
Available: https://www.cdc.gov/bloodpressure/facts.htm [Accessed 
November 19, 2021].

	 4	 Bloch MJ. Worldwide prevalence of hypertension exceeds 1.3 billion. 
J Am Soc Hypertens 2016;10:753–4.

	 5	 Lago RM, Singh PP, Nesto RW. Diabetes and hypertension. Nat Clin 
Pract Endocrinol Metab 2007;3:667.

	 6	 Ogurtsova K, da Rocha Fernandes JD, Huang Y, et al. IDF diabetes 
atlas: global estimates for the prevalence of diabetes for 2015 and 
2040. Diabetes Res Clin Pract 2017;128:40–50.

	 7	 Saitz R. Clinical practice. Unhealthy alcohol use. N Engl J Med 
2005;352:596–607.

	 8	 Benenson I, Waldron FA, Jadotte YT, et al. Risk factors for 
hypertensive crisis in adult patients: a systematic review. JBI Evid 
Synth 2021;19:1292–327.

	 9	 Connor J. The life and times of the J-shaped curve. Alcohol Alcohol 
2006;41:583–4.

	10	 Ding EL, Mukamal KJ. Robustness of the J-shaped association 
of alcohol with coronary heart disease risk. J Stud Alcohol Drugs 
2017;78:389–91.

	11	 Higashiyama A, Okamura T, Watanabe M, et al. Alcohol consumption 
and cardiovascular disease incidence in men with and without 
hypertension: the Suita study. Hypertens Res 2013;36:58–64.

	12	 Wannamethee SG, Shaper AG, Alcohol SAG. Alcohol, coronary 
heart disease and stroke: an examination of the J-shaped curve. 
Neuroepidemiology 1998;17:288–95.

	13	 Millwood IY, Walters RG, Mei XW, et al. Conventional and 
genetic evidence on alcohol and vascular disease aetiology: a 
prospective study of 500 000 men and women in China. Lancet 
2019;393:1831–42.

	14	 Mayl JJ, German CA, Bertoni AG, et al. Association of alcohol intake 
with hypertension in type 2 diabetes mellitus: the Accord trial. J Am 
Heart Assoc 2020;9:e017334.

	15	 Strecher VJ, Kobrin SC, Kreuter MW, et al. Opportunities for 
alcohol screening and counseling in primary care. J Fam Pract 
1994;39:26–32.

	16	 Strelitz J, Ahern AL, Long GH, et al. Changes in behaviors after 
diagnosis of type 2 diabetes and 10-year incidence of cardiovascular 
disease and mortality. Cardiovasc Diabetol 2019;18:98.

	17	 Minzer S, Losno RA, Casas R. The effect of alcohol on 
cardiovascular risk factors: is there new information? Nutrients 
2020;12. doi:10.3390/nu12040912. [Epub ahead of print: 27 Mar 
2020].

	18	 Babor TF, Del Boca F, Bray JW, Screening BJW. Screening, brief 
intervention and referral to treatment: implications of SAMHSA's 
SBIRT initiative for substance abuse policy and practice. Addiction 
2017;112 Suppl 2:110–7.

	19	 Beich A, Thorsen T, Rollnick S. Screening in brief intervention trials 
targeting excessive drinkers in general practice: systematic review 
and meta-analysis. BMJ 2003;327:536–42.

	20	 Bertholet N, Daeppen J-B, Wietlisbach V, et al. Reduction of alcohol 
consumption by brief alcohol intervention in primary care: systematic 
review and meta-analysis. Arch Intern Med 2005;165:986–95.

	21	 Hilbink M, Voerman G, van Beurden I, Beurden van I, et al. A 
randomized controlled trial of a tailored primary care program to 
reverse excessive alcohol consumption. J Am Board Fam Med 
2012;25:712–22.

	22	 Kaner E, Bland M, Cassidy P, et al. Effectiveness of screening and 
brief alcohol intervention in primary care (SipS trial): pragmatic 
cluster randomised controlled trial. BMJ 2013;346:e8501.

	23	 Kaner EF, Beyer FR, Muirhead C, et al. Effectiveness of brief alcohol 
interventions in primary care populations. Cochrane Database Syst 
Rev 2018;2:CD004148.

	24	 Kaner EFS, Dickinson HO, Beyer F, et al. The effectiveness of brief 
alcohol interventions in primary care settings: a systematic review. 
Drug Alcohol Rev 2009;28:301–23.

	25	 Whitlock EP, Polen MR, Green CA, et al. Behavioral counseling 
interventions in primary care to reduce risky/harmful alcohol use by 
adults: a summary of the evidence for the U.S. preventive services 
Task force. Ann Intern Med 2004;140:557–68.

	26	 Williams EC, Rubinsky AD, Chavez LJ, et al. An early evaluation of 
implementation of brief intervention for unhealthy alcohol use in the 
US veterans health administration. Addiction 2014;109:1472–81.

	27	 Timko C, Kong C, Vittorio L, et al. Screening and brief intervention for 
unhealthy substance use in patients with chronic medical conditions: 
a systematic review. J Clin Nurs 2016;25:3131–43.

	28	 Cavallari I, Bhatt DL, Steg PG, et al. Causes and risk factors for 
death in diabetes: a competing-risk analysis from the SAVOR-TIMI 
53 trial. J Am Coll Cardiol 2021;77:1837–40.

	29	 Chi FW, Weisner CM, Mertens JR, et al. Alcohol intervention in 
primary care: blood pressure outcomes in hypertensivepatients. J 
Subst Abuse Treat 
 2017;77:45–51. 

	30	 Keisler-Starkey K, Bunch LN. Health insurance coverage in the 
United States: 2019. Washington, DC: U.S. Census Bureau Current 
Population Reports, 2020: P60–271.

	31	 Gordon NP. Similarity of adult Kaiser Permanente members to the 
adult population in Kaiser Permanente’s Northern California Service 
Area: Comparisons based on the 2017/2018 cycle of the California 
Health Interview Survey. Oakland, CA: Report prepared for the Kaiser 
Permanente Division of Research, 2020.

	32	 National Institute on Alcohol Abuse and Alcoholism. Helping patients 
who drink too much: a clinician’s guide, updated 2005 edition, 2005. 
Available: https://pubs.niaaa.nih.gov/publications/practitioner/​
cliniciansguide2005/guide.pdf [Accessed December 10, 2021].

	33	 ed.: .Miller WR, Rollnick S. Motivational interviewing: Helping people 
change.. In: 3Rd. New York: Guilford Press, 2013.

	34	 Karter AJ, Schillinger D, Adams AS, et al. Elevated rates of diabetes 
in Pacific Islanders and Asian subgroups: the diabetes study of 
northern California (distance). Diabetes Care 2013;36:574–9.

	35	 Schroeder EB, Donahoo WT, Goodrich GK, et al. Validation of an 
algorithm for identifying type 1 diabetes in adults based on electronic 
health record data. Pharmacoepidemiol Drug Saf 2018;27:1053–9.

	36	 Strobe: strengthening the reporting of observational studies in 
epidemiology, 2021. Bern, Switzerland: University of Bern, Institute 
of social and preventive medicine. Available: https://www.strobe-​
statement.org/ [Accessed November 18, 2021].

	37	 Lewington S, Clarke R, Qizilbash N, et al. Age-Specific relevance 
of usual blood pressure to vascular mortality: a meta-analysis of 
individual data for one million adults in 61 prospective studies. 
Lancet 2002;360:1903–13.

	38	 Miyawaki T, Aono H, Toyoda-Ono Y, et al. Antihypertensive effects of 
sesamin in humans. J Nutr Sci Vitaminol 2009;55:87–91.

	39	 Smart NA, Gow J, Bleile B, et al. An evidence-based analysis of 
managing hypertension with isometric resistance exercise-are the 
guidelines current? Hypertens Res 2020;43:249–54.

	40	 Stamler J, Rose G, Stamler R, et al. INTERSALT study findings. 
public health and medical care implications. Hypertension 
1989;14:570–7.

	41	 de Boer IH, Bangalore S, Benetos A, et al. Diabetes and 
hypertension: a position statement by the American diabetes 
association. Diabetes Care 2017;40:1273–84.

	42	 Piette JD, Kerr EA. The impact of comorbid chronic conditions on 
diabetes care. Diabetes Care 2006;29:725–31.

	43	 American Diabetes Association. Executive summary: Standards 
of medical care in diabetes--2014. Diabetes Care 2014;37 Suppl 
1:S5–13.

	44	 Golightly YM, Allen KD, Ambrose KR, et al. Physical activity as a vital 
sign: a systematic review. Prev Chronic Dis 2017;14:E123.

	45	 Centers for Disease Control and Prevention, Division of Nutrition, 
Physical Activity and Obesity. About adult BMI 2021, updated August 
27. Available: https://www.cdc.gov/healthyweight/assessing/bmi/​
adult_bmi/index.html [Accessed September 7, 2021].

	46	 Charlson ME, Charlson RE, Peterson JC, et al. The Charlson 
comorbidity index is adapted to predict costs of chronic disease in 
primary care patients. J Clin Epidemiol 2008;61:1234–40 https://doi.​
org/

	47	 Palzes VA, Kline-Simon AH, Satre DD, et al. Remission from 
unhealthy drinking among patients with an alcohol use disorder: 
a longitudinal study using systematic, primary care-based alcohol 
screening data. J Stud Alcohol Drugs 2020;81:436–45.

	48	 Palzes VA, Parthasarathy S, Chi FW, et al. Associations between 
psychiatric disorders and alcohol consumption levels in an adult 
primary care population. Alcohol Clin Exp Res 2020;44:2536–44.

http://orcid.org/0000-0001-8191-9622
http://dx.doi.org/10.5888/pcd10.120203
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/diabetes/pdfs/data/statistics/national-diabetes-statistics-report.pdf
https://www.cdc.gov/bloodpressure/facts.htm
http://dx.doi.org/10.1016/j.jash.2016.08.006
http://dx.doi.org/10.1038/ncpendmet0638
http://dx.doi.org/10.1038/ncpendmet0638
http://dx.doi.org/10.1016/j.diabres.2017.03.024
http://dx.doi.org/10.11124/JBIES-20-00243
http://dx.doi.org/10.11124/JBIES-20-00243
http://dx.doi.org/10.1093/alcalc/agl079
http://dx.doi.org/10.15288/jsad.2017.78.389
http://dx.doi.org/10.1038/hr.2012.133
http://dx.doi.org/10.1159/000026182
http://dx.doi.org/10.1016/S0140-6736(18)31772-0
http://dx.doi.org/10.1161/JAHA.120.017334
http://dx.doi.org/10.1161/JAHA.120.017334
http://www.ncbi.nlm.nih.gov/pubmed/8027729
http://dx.doi.org/10.1186/s12933-019-0902-5
http://dx.doi.org/10.3390/nu12040912
http://dx.doi.org/10.1111/add.13675
http://dx.doi.org/10.1136/bmj.327.7414.536
http://dx.doi.org/10.1001/archinte.165.9.986
http://dx.doi.org/10.3122/jabfm.2012.05.120070
http://dx.doi.org/10.1136/bmj.e8501
http://dx.doi.org/10.1002/14651858.CD004148.pub4
http://dx.doi.org/10.1002/14651858.CD004148.pub4
http://dx.doi.org/10.1111/j.1465-3362.2009.00071.x
http://dx.doi.org/10.7326/0003-4819-140-7-200404060-00017
http://dx.doi.org/10.1111/add.12600
http://dx.doi.org/10.1111/jocn.13244
http://dx.doi.org/10.1016/j.jacc.2021.02.030
http://dx.doi.org/10.1016/j.jsat.2017.03.009
http://dx.doi.org/10.1016/j.jsat.2017.03.009
https://pubs.niaaa.nih.gov/publications/practitioner/cliniciansguide2005/guide.pdf
https://pubs.niaaa.nih.gov/publications/practitioner/cliniciansguide2005/guide.pdf
http://dx.doi.org/10.2337/dc12-0722
http://dx.doi.org/10.1002/pds.4377
https://www.strobe-statement.org/
https://www.strobe-statement.org/
http://dx.doi.org/10.1016/s0140-6736(02)11911-8
http://dx.doi.org/10.3177/jnsv.55.87
http://dx.doi.org/10.1038/s41440-019-0360-1
http://dx.doi.org/10.1161/01.HYP.14.5.570
http://dx.doi.org/10.2337/dci17-0026
http://dx.doi.org/10.2337/diacare.29.03.06.dc05-2078
http://dx.doi.org/10.2337/dc14-S005
http://dx.doi.org/10.5888/pcd14.170030
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/index.html
http://dx.doi.org/10.1016/j.jclinepi.2008.01.006
https://doi.org/
https://doi.org/
http://dx.doi.org/10.15288/jsad.2020.81.436
http://dx.doi.org/10.1111/acer.14477


15Chi FW, et al. BMJ Open 2023;13:e064088. doi:10.1136/bmjopen-2022-064088

Open access

	49	 Messer LC, Laraia BA, Kaufman JS, et al. The development of 
a standardized neighborhood deprivation index. J Urban Health 
2006;83:1041–62.

	50	 Sandoval D, Nazzal C, Romero T. Clinical, socioeconomic, and 
psychosocial factors associated with blood pressure control and 
adherence: results from a multidisciplinary cardiovascular national 
program providing universal coverage in a developing country. Int J 
Hypertens 2018;2018:1–10.

	51	 Chobanian AV, Bakris GL, Black HR, et al. Seventh report of the 
joint National Committee on prevention, detection, evaluation, and 
treatment of high blood pressure. Hypertension 2003;42:1206–52.

	52	 Matsushita K, Mahmoodi BK, Woodward M, et al. Comparison 
of risk prediction using the CKD-EPI equation and the MDRD 
study equation for estimated glomerular filtration rate. JAMA 
2012;307:1941–51.

	53	 Hasin DS, Stinson FS, Ogburn E, et al. Prevalence, correlates, 
disability, and comorbidity of DSM-IV alcohol abuse and dependence 
in the United States: results from the National epidemiologic 
survey on alcohol and related conditions. Arch Gen Psychiatry 
2007;64:830–42.

	54	 Núñez-Córdoba JM, Martínez-González MA, Bes-Rastrollo M, 
et al. Alcohol consumption and the incidence of hypertension 
in a Mediterranean cohort: the sun study. Rev Esp Cardiol 
2009;62:633–41.

	55	 Kerr WC, Ye Y. Relationship of life-course drinking patterns to 
diabetes, heart problems, and hypertension among those 40 and 
older in the 2005 U.S. national alcohol survey. J Stud Alcohol Drugs 
2010;71:515–25.

	56	 Sterling SA, Palzes VA, Lu Y, et al. Associations between medical 
conditions and alcohol consumption levels in an adult primary care 
population. JAMA Netw Open 2020;3:e204687.

	57	 Grant S, Pedersen ER, Osilla KC, et al. Reviewing and interpreting 
the effects of brief alcohol interventions: Comment on a cochrane 
review about motivational interviewing for young adults. Addiction 
2016;111:1521–7.

	58	 Vo MT, Uratsu CS, Estacio KR, et al. Prompting patients with 
poorly controlled diabetes to identify visit priorities before primary 
care visits: a pragmatic cluster randomized trial. J Gen Intern Med 
2019;34:831–8.

	59	 Abbo ED, Zhang Q, Zelder M, et al. The increasing number of clinical 
items addressed during the time of adult primary care visits. J Gen 
Intern Med 2008;23:2058–65.

	60	 Hicks PC, Westfall JM, Van Vorst RF, et al. Action or inaction? 
decision making in patients with diabetes and elevated blood 
pressure in primary care. Diabetes Care 2006;29:2580–5.

	61	 Rahman M, Williams G, Al Mamun A. Gender differences in 
hypertension awareness, antihypertensive use and blood pressure 
control in Bangladeshi adults: findings from a national cross-
sectional survey. J Health Popul Nutr 2017;36:23.

	62	 Gu Q, Burt VL, Paulose-Ram R, et al. Gender differences in 
hypertension treatment, drug utilization patterns, and blood pressure 
control among US adults with hypertension: data from the National 
health and nutrition examination survey 1999-2004. Am J Hypertens 
2008;21:789–98.

	63	 Keyhani S, Scobie JV, Hebert PL, et al. Gender disparities in blood 
pressure control and cardiovascular care in a national sample of 
ambulatory care visits. Hypertension 2008;51:1149–55.

	64	 Ong KL, Tso AWK, Lam KSL, et al. Gender difference in blood 
pressure control and cardiovascular risk factors in Americans with 
diagnosed hypertension. Hypertension 2008;51:1142–8.

	65	 Wolf-Maier K, Cooper RS, Kramer H, et al. Hypertension treatment 
and control in five European countries, Canada, and the United 
States. Hypertension 2004;43:10–17.

	66	 Lu Y, Chi FW, Parthasarathy S, et al. Patient and provider factors 
associated with receipt and delivery of brief interventions for 
unhealthy alcohol use in primary care. Alcohol Clin Exp Res 
2021;45:2179–89.

	67	 Mertens JR, Chi FW, Weisner CM, et al. Physician versus Non-
physician delivery of alcohol screening, brief intervention and referral 
to treatment in adult primary care: the advise cluster randomized 
controlled implementation trial. Addict Sci Clin Pract 2015;10:26):26.

	68	 Chen JA, Glass JE, Bensley KMK, et al. Racial/Ethnic and gender 
differences in receipt of brief intervention among patients with 
unhealthy alcohol use in the U.S. veterans health administration. J 
Subst Abuse Treat 2020;119:108078.

	69	 Williams EC, Lapham GT, Rubinsky AD, et al. Influence of a targeted 
performance measure for brief intervention on gender differences in 
receipt of brief intervention among patients with unhealthy alcohol 
use in the Veterans health administration. J Subst Abuse Treat 
2017;81:11–16.

	70	 McCrady BS, Epstein EE, Fokas KF. Treatment interventions for 
women with alcohol use disorder. Alcohol Res 2020;40:08.

	71	 Burke JF, Sussman JB, Kent DM, et al. Three simple rules to ensure 
reasonably credible subgroup analyses. BMJ 2015;351:h5651.

http://dx.doi.org/10.1007/s11524-006-9094-x
http://dx.doi.org/10.1155/2018/5634352
http://dx.doi.org/10.1155/2018/5634352
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://dx.doi.org/10.1001/jama.2012.3954
http://dx.doi.org/10.1001/archpsyc.64.7.830
http://dx.doi.org/10.1016/s1885-5857(09)72227-3
http://dx.doi.org/10.15288/jsad.2010.71.515
http://dx.doi.org/10.1001/jamanetworkopen.2020.4687
http://dx.doi.org/10.1111/add.13136
http://dx.doi.org/10.1007/s11606-018-4756-4
http://dx.doi.org/10.1007/s11606-008-0805-8
http://dx.doi.org/10.1007/s11606-008-0805-8
http://dx.doi.org/10.2337/dc06-1124
http://dx.doi.org/10.1186/s41043-017-0101-5
http://dx.doi.org/10.1038/ajh.2008.185
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.107342
http://dx.doi.org/10.1161/HYPERTENSIONAHA.107.105205
http://dx.doi.org/10.1161/01.HYP.0000103630.72812.10
http://dx.doi.org/10.1111/acer.14702
http://dx.doi.org/10.1186/s13722-015-0047-0
http://dx.doi.org/10.1016/j.jsat.2020.108078
http://dx.doi.org/10.1016/j.jsat.2020.108078
http://dx.doi.org/10.1016/j.jsat.2017.07.009
http://dx.doi.org/10.35946/arcr.v40.2.08
http://dx.doi.org/10.1136/bmj.h5651

	Associations between alcohol brief intervention in primary care and drinking and health outcomes in adults with hypertension and type 2 diabetes: a population-­based observational study
	A﻿bstract﻿
	Introduction﻿﻿
	Methods
	Study setting
	Systematic alcohol screening and BI
	Sample

	Patient and public involvement
	Measures
	BI at index screening
	Alcohol consumption at index screening
	Other index screening measures
	Drinking outcomes at 12-month follow-up
	Health outcomes at 18-month follow-up
	Patient characteristics
	Provider characteristics

	Statistical analysis

	Results
	Sample description
	Associations between BI and 12-month drinking outcomes
	Associations between BI and BP outcomes at 18 months
	Associations between BI and HbA1c outcomes at 18 months among patients with T2D

	Discussion
	Conclusion
	References


