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Abstract

Objectives Healthy user bias arises when users
of preventive medications such as lipid-lowering
drugs (LLDs), hormone replacement therapy and
antihypertensive (AH) medications are healthier than nonusers due to factors other than medication effects, making
the medications appear more beneficial in observational
studies of effectiveness and safety. The purpose of the
study is to examine factors contributing to healthy user
effect in patients taking AHs or LLDs.
Methods Among patients with hypertension or
hyperlipidaemia in a population-based sample from
the National Health and Nutrition Examination Survey
(1999–2010), we assessed the association between
socioeconomic and lifestyle factors and the use of
AHs/LLDs by logistic regression with adjustment for
demographics and comorbidities in a cross-sectional
study.
Results When 9715 AH/LLD users were compared
with 3725 non-users, AH/LLD users were more likely to
be: highly educated (OR 1.2, 95% CI 1.2 to 1.3), nonimpoverished (OR 1.3, 95% CI 1.2 to 1.4), current nonsmokers (OR 1.2, 95% CI 1.1 to 1.4), physically active (OR
1.1, 95% CI 1.0 to 1.2) and consume more calcium (OR
1.1, 95% CI 1.0 to 1.3) but less likely to have normal body
mass index (OR 0.6, 95% CI 0.6 to 0.7) or to meet dietary
sodium recommendations (OR 0.8, 95% CI 0.7 to 0.9).
Conclusions We identified several salutary lifestyle
factors associated with AH/LLD use in a representative US
population. Healthy user effect may be partly explained
by better socioeconomic profiles and lifestyles in AH/LLD
users compared with non-users.

Introduction
Antihypertensive (AH) and lipid-lowering
drugs (LLDs) are widely used for the prevention of cardiovascular disease.1–3 Demographic
and socioeconomic factors may influence
the use of AHs/LLDs, as well as comorbid
conditions, health behaviours and prescriber
characteristics.4–7 For example, patients with
diabetes and cardiovascular disease may be
motivated to take AHs/LLDs, but preventive
therapy for asymptomatic hypertension and
hyperlipidaemia may be prescribed less often

Key questions
What is already known about this subject?
►► Healthy user bias arises when users of preventive

medications are healthier due to factors other than
medication effects. Cardiovascular event reduction
is consistently smaller in clinical trials compared
with observational studies of antihypertensives
(AHs) or lipid-lowering drugs (LLDs).

What does this study add?
►► We identified several salutary lifestyle factors

associated with AH/LLD use. Healthy user effect
may be partly explained by better socioeconomic
profiles and lifestyles in AH/LLD users compared
with non-users. Further, AH/LLD users tend not to
follow some healthy dietary guidelines such as fat
intake as they may obviate the need for dietary
modification.

How might this impact on clinical practice?
►► It helps us understand the healthy user bias

that distorts observational studies of AH/LLD
effectiveness.

for a frail elderly patient with many comorbid
conditions.
Healthy user bias arises when users of
preventive medications such as AHs/LLDs or
hormone replacement therapy are healthier
due to factors other than medication effects.
Cardiovascular event reduction is consistently smaller in clinical trials compared with
observational studies of AHs/LLDs,8 9 which
suggests healthy user bias may interfere with
observational studies of preventive therapies.
Also, AH non-adherence can increase the risk
of cardiovascular disease and death irrespective of blood pressure (BP) control.10 Healthy
user bias may be refractory to analytic solutions, unless prevented by thoughtful study
design, resulting in inflation of the benefits of preventive medications. We recently
described a similar bias that compromised
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the ability to assess the effectiveness of implantable
devices using clinical and administrative data.11
Despite the serious potential impact, factors that
contribute to healthy user effects in preventive therapies
are not well described. Patients who adhere to preventive medications may be more amenable to healthy diets,
regular exercise and healthcare screening and less prone
to using tobacco or alcohol. In one study, patients who
were adherent to statin therapy were more likely than
those who were non-adherent to have cancer screening
and vaccinations.12 Dietary, lifestyle and socioeconomic
factors all affect cardiovascular mortality in users and
non-users of AHs/LLDs.13–15 This cross-sectional study
seeks to understand how dietary, socioeconomic and lifestyle factors contribute to healthy user bias among patients
with hypertension and hyperlipidaemia, using representative samples from the National Health and Nutrition
Examination Survey (NHANES) from 1999 to 2010.
Methods
Data source and study population
Cross-sectional surveys conducted by the National Center
for Health Statistics of the Centers for Disease Control in
NHANES 1999–2000, 2001–2002, 2003–2004, 2005–2006,
2007–2008 and 2009–2010 provided survey data representing the civilian, non-institutionalized population in
the USA. A multistage, stratified sampling design was used;
participants were interviewed first, and then invited to an
examination centre. NHANES 1999–2010 included self-reported hypertension and hyperlipidaemia, and monitored
prescription use, among 62 161 adults who consented
to participate. NHANES was approved by the review
committee of the National Center for Health Statistics.
Hypertension cohort: indications and the use of AHs
Among subjects with self-reported hypertension, we identified who answered ‘yes’ to the question: “Because of your
high BP/hypertension, have you ever been told to take
prescribed medicine?” These subjects were also asked if
they were currently taking prescribed medication. Those
who answered ‘yes’ were considered AH users. Mean BP
measurements were assessed for those who responded
‘no.’ The need for treatment was identified using criteria
of the Joint National Committee: subjects with systolic BP
≥140 mm Hg or diastolic BP ≥90 mm Hg were classified
as non-users of AHs.16 We analysed self-reported prescription AH users in our primary analyses.
Hyperlipidaemia cohort
We identified subjects with indications for primary or
secondary prevention with LLDs. We identified all subjects
with self-reported hyperlipidaemia who answered yes to
the question: “To lower your blood cholesterol, have you
ever been told by a doctor or other health professional
to take prescribed medicine?” These subjects were asked
if they were currently taking prescribed lipid-lowering
medication (statins and non-statins). Those who answered
‘yes’ to this question were categorised as LLD users; all
2

others were categorised as non-users, including subjects
with indications for secondary prevention with LLDs,
including: self-reported coronary artery disease (CAD),
myocardial infarction, angina pectoris, cerebrovascular
disease and coronary heart disease (CHD) risk equivalents (eg, diabetes).17
Medication use and comparison groups
In the primary analysis, we compared AH users versus
non-users without detailed prescription information.
Some AH users were also LLD users and vice versa. We
then combined all medication users (AH, LLD user or
both) and compared them with non-users.
The mean age of the population in the study was 62.2
(age range 20–85) years old, and the proportion of
women was 50.7%.
Lifestyle and socioeconomic factors potentially related to
healthy user effect
Body mass index (BMI) was calculated from measured
weight and height18 and dichotomised as <25 versus >25
kg/m2. Physical activity was assessed by calculating metabolic equivalents of task (METs), using the responses to
a previously validated NHANES Activity Questionnaire.19
Subjects were categorised as pursuing moderate exercise
(>3 METs for >150 min/week) versus less activity. Cigarette
smoking was assessed by a question: “Do you smoke cigarettes now?” Subjects were classified as former/never versus
current. Alcohol consumption was categorised as moderate
use (<five drinks per week) and categories included: none,
moderate and more than moderate. Multivitamin use was
assessed as a yes/no question. Self-reported health status
in five grades was dichotomised as either ‘excellent/very
good’ versus all other categories.
Socioeconomic factors included the poverty-to-income
ratio, a ratio of the observed family income and the annual
US Census poverty threshold (>1 vs <1). Educational level
was assessed as >12 years versus <12 years. Self-reported
comorbid conditions included: diabetes, heart disease
(angina or congestive heart failure), cerebrovascular
disease, chronic obstructive pulmonary disease (COPD),
non-skin cancers and arthritis.
Dietary variables
Dietary patterns of food and beverages were ascertained
through two 24-hour dietary recalls, one in-person interview followed by another by telephone using dietary data
collection instrument of the US Department of Agriculture. Both weekdays and weekends were sampled. Second
dietary recall interview was conducted 3–7 days after the
first interview. The dietary data were analysed via the US
Department of Agriculture’s Automated Multiple Pass
Method and were compared with Dietary Approach to
Stop Hypertension (DASH) recommendations. Nutrients
assessed for DASH compliance included: total fat, saturated fat, protein, cholesterol, fibre, magnesium, calcium,
sodium and potassium. In order to calculate DASH score,
continuous variables for protein, saturated fat and total fat
Kinjo M, et al. Open Heart 2017;4:e000417. doi:10.1136/openhrt-2016-000417
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Table 1 Demographic, social, health and lifestyle characteristics by medication use among patients with hypertension or
hyperlipidaemia who were recommended/indicated for pharmacological treatments
Hypertensive subjects
on antihypertensives
(AHs)

Hypertensive
subjects
without AHs

Hyperlipidaemic
subjects on lipidlowering medications

Hyperlipidaemic
subjects without
lipid-lowering
medications

N
Age, mean (SD)

8099
65.9 (13.1)*

3752
49.8 (17.2)

4645
64.9 (12.2)*

4550
63.1 (15.4)

Gender (% female)

4438 (54.8)*

1751 (46.7)

485 (48.7)*

2257 (49.6)

Non-Hispanic white

4214 (52.0)*

1820 (48.5)

2684 (57.8)*

2219 (48.8)

Non-Hispanic black

2079 (25.7)

805 (21.5)

837 (18.0)

998 (21.9)

Mexican American

1111 (13.7)

780 (20.8)

681 (14.7)

891 (19.6)

Education >12 years (%)

2132 (60.9)*

1450 (38.8)

640 (64.5)

1220 (54.2)

Non-impoverished (%)

6040 (82.3)

2756 (80.6)

3583 (84.9)

3170 (77.4)

Non-current smoker (%)

6923 (85.5)

791 (21.1)

666 (14.3)*

866 (19.0)

Reported health, Excellent/
very good (%)

2039 (25.2)*

1463 (39.0)

1231 (26.5)*

950 (20.9)

Alcohol <5 drinks (%)

7003 (86.5)*

848 (84.1)

693 (14.9)

3850 (84.6)

Body mass index, mean (SD) 30.9 (7.0)

30.0 (7.1)

30.2 (6.3)

30.1 (7.0)

≥30.0

3529 (43.6)

1337 (35.6)

1927 (41.5)

1719 (37.8)

25.0–29.9

2466 (30.5)

1307 (34.8)

1553 (33.4)

1382 (30.4)

<25.0

2104 (26.9)

1108 (29.5)

1165 (25.1)

1449 (31.8)

Physical activity
>150 min/week (%)

1157 (14.3)

624 (16.7)

752 (16.3)

740 (16.3)

Multivitamin use (%)

2665 (32.9)

1205 (32.1)

1636 (35.2)

1322 (29.1)

Hyperlipidaemia

993 (12.3)*

381 (10.2)
3200 (68.9)*

2621 (57.6)

Diabetes

2137 (26.4)*

372 (9.9)

1404 (30.2)*

2123 (46.7)

Heart disease

1756 (21.7)*

344 (9.2)

1230 (26.5)*

1703 (37.4)

Cerebrovascular

796 (9.8)*

143 (3.8)

414 (8.9)*

823 (18.1)

Chronic obstructive
pulmonary disease

875 (10.8)

292 (7.8)

515 (11.1)

568 (12.5)

Non-skin cancer

1323 (16.3)*

381 (10.2)

764 (16.5)*

705 (15.5)

Arthritis

3914 (48.3)*

1119 (29.8)

2245 (48.3)*

Dietary variables

N=4484

N=1799

N=2875

N=2267

DASH score >4.5

799 (17.8)

289 (16.1)

514 (17.9)

403 (17.8)

Total fat

1001 (23.3)*

496 (27.6)

673 (23.4)

514 (22.7)

Saturated fat

410 (9.1)

210 (11.7)

253 (8.8)

230 (10.6)

Protein

1335 (29.8)

452 (25.1)

866 (30.1)

708 (31.2)

Fibre

434 (9.7)*

155 (8.6)

262 (9.1)

215 (9.5)

Cholesterol

478(34.4)*

400 (22.2)

596 (20.7)

461 (20.3)

Calcium

2418 (53.9)

948 (52.7)

1573 (54.7)

1177 (51.9)

Magnesium

262 (5.8)*

84 (4.7)

164 (5.7)*

124 (5.5)

Potassium
Sodium

258 (5.8)*
600 (13.4)*

76 (4.2)
331 (18.4)

162 (5.6)*
362 (12.6)*

326 (14.4)
326 (14.4)

Race (%)

*

Hypertension

*

*p<0.05.
DASH, Dietary Approach to Stop Hypertension.
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Table 2 Association between each demographic and healthy lifestyle factor and the use of medications among
subjects with hypertension recommended/indicated pharmacological treatments (N=11 851): OR was calculated
comparing antihypertensive users versus non-users*
Demographic and healthy lifestyle factors

Unadjusted OR (95% CI)†

p Value

Adjusted OR (95% CI)†

p Value

Education >12 years
Non-impoverished

1.0 (0.9 to 1.1)
1.1 (1.0 to 1.2)

0.8
0.03

1.3 (1.2 to 1.4)
1.3 (1.1 to 1.4)

<0.0001
0.0004

Smoking, Not current

1.5 (1.4 to 1.7)

<0.0001

1.2 (1.1 to 1.3)

0.002

Alcohol <5 drinks/week

1.2 (1.1 to 1.3)

0.0006

1.1 (1.0 to 1.2)

0.1

Body mass index <25

0.8 (0.8 to 0.9)

<0.0001

0.7 (0.6 to 0.8)

<0.0001

Physical activity >150 min/week

0.8 (0.7 to 0.9)

0.0007

1.0 (0.9 to 1.1)

0.7

Reported health, Excellent/very good

0.5 (0.5 to 0.6)

<0.0001

0.7 (0.6 to 0.8)

<0.0001

Multivitamin use

1.0 (1.0 to 1.1)

0.4

1.0 (0.9 to 1.1)

0.6

DASH accordance

1.1 (1.0 to 1.3)

0.07

1.0 (0.9 to 1.1)

0.7

Total fat

0.9 (0.8 to 1.0)

0.008

0.9 (0.8 to 1.0)

0.02

Saturated fat

0.9 (0.8 to 1.0)

0.1

0.9 (0.9 to 1.0)

0.2

Protein

1.2 (1.1 to 1.3)

0.003

1.1 (1.0 to 1.3)

0.01

Fibre

1.3 (1.2 to 1.4)

<0.0001

1.0 (0.9 to 1.1)

0.9

Cholesterol

0.9 (0.8 to 1.0)

0.02

0.9 (0.8 to 1.0)

0.01

Calcium

1.0 (0.9 to 1.1)

0.6

1.2 (1.0 to 1.3)

0.03

Magnesium

1.4 (1.2 to 1.5)

<0.0001

1.3 (1.1 to 1.6)

0.009

Potassium
Sodium

1.4 (1.3 to 1.6)
0.7 (0.6 to 0.8)

<0.0001
<0.0001

1.1 (1.0 to 1.2)
0.8 (0.7 to 0.9)

0.2
0.0008

Dietary variables

*8099 antihypertensive users versus 3752 non-users.
†
Adjusted for age, gender, race, diabetes, cardiovascular disease (angina, congestive heart failure and cerebrovascular disease) and other
comorbid conditions (cancer, arthritis and chronic obstructive pulmonary disease).
DASH, Dietary Approach to Stop Hypertension.

as a percentage of total energy were developed. For cholesterol, fibre, magnesium, calcium, potassium and sodium
intake per 1000 calories was computed. Binary variables
were constructed to indicate whether the target intake for
each nutrient was met in each study subject, based on the
intermediate DASH and DASH classifications. A DASH
score of 0 –9 was calculated as the number of nutrient
targets met (see online supplementary table), with achievement of each DASH nutrient goal earning a score of 1.
Nutrient intakes that exceeded the DASH control diet but
did not meet DASH goals earned 0.5 points. Total DASH
score >4.5 defined DASH adherence.20

and 95% CIs for unadjusted and adjusted ORs, including
comorbid conditions, as described. In the primary analysis, we defined users and non-users by self-reported
medication use and conducted separate analyses in the
hypertension and hyperlipidaemia cohorts. We then
combined the hypertension and hyperlipidaemia cohorts
to assess the general association between healthy lifestyle
factors and the use of any preventive medications. We
used multivariable logistic models controlling for age,
gender, race and comorbid conditions (including history
of diabetes, heart disease, COPD, cancer and arthritis) to
compute adjusted ORs.

Statistical analysis
Differences between subjects taking AHs or LLDs
and non-users were tested with a Student’s t-test for
continuous variables and Pearson’s χ2 test for categorical variables. We used logistic regression to estimate
unadjusted and adjusted ORs for associations between
dependent (dietary, lifestyle and socioeconomic) variables, with the use of AHs or LLDs as an independent
variable. Some values were missing for lifestyle factors
and comorbidities. We handled missing values by using
multiple imputation and assuming an underlying multivariate normal distribution. We presented point estimates

Sensitivity analyses
A sensitivity analysis was conducted after excluding
subjects with indications for LLDs as secondary prevention to assess the impact of patients with known disease.
As the number of self-reported medication users
exceeded the number of confirmed prescription users,
we assessed the impact of misclassification on drug use by
restricting AH or LLD use to patients for whom NHANES
interviewers verified prescription use by examining medication containers. We compared ‘verified’ prescription
AH or LLD users versus non-users. AHs included betablockers, thiazides, calcium channel blockers, ACE-I or

4
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Table 3 Association between each healthy lifestyle factor and the use of medications among subjects with hyperlipidaemia
recommended/indicated pharmacological treatments (N=9195): OR was calculated comparing lipid-lowering drug users
versus non-users*
Demographic and healthy lifestyle factors

Unadjusted OR (95% CI)

p Value

Adjusted OR (95% CI)†

Education >12 years
Non-impoverished

1.3 (1.2 to 1.4)
1.6 (1.5 to 1.8)

<0.0001 1.2 (1.0 to 1.4)
<0.0001 1.3 (1.2 to 1.5)

0.001
<0.0001

Smoking, Not current

1.4 (1.3 to 1.6)

<0.0001 1.2 (1.1 to 1.3)

0.001

Alcohol <5 drinks

1.0 (0.9 to 1.2)

0.5

0.5

Body mass index <25

0.7 (0.7 to 0.8)

<0.0001 0.7 (0.7 to 0.8)

<0.0001

Physical activity >150 min/week

1.3 (1.2 to 1.5)

<0.0001 1.3 (1.1 to 1.4)

0.0002

Reported health, excellent/very good

1.3 (1.2 to 1.5)

<0.0001 1.0 (0.9 to 1.1)

0.5

Multivitamin use

1.3 (1.2 to 1.5)

<0.0001 1.2 (1.1 to 1.3)

0.001

DASH accordance

1.0 (0.9 to 1.2)

0.9

1.0 (0.8 to 1.1)

0.9

Total fat

1.0 (0.9 to 1.1)

0.7

1.0 (0.9 to 1.1)

0.9

Saturated fat

0.9 (0.8 to 1.0)

0.1

1.0 (0.8 to 1.2)

0.8

1.0 (0.8 to 1.1)

p Value

Dietary variables

Protein

0.9 (0.8 to 1.0)

0.2

0.9 (0.8 to 1.0)

0.05

Fibre

1.0 (0.9 to 1.2)

0.6

1.0 (0.9 to 1.1)

0.5

Cholesterol

1.1 (0.9 to 1.2)

0.4

1.0 (0.9 to 1.1)

0.9

Calcium

1.2 (1.0 to 1.3)

0.008

1.2 (1.1 to 1.3)

0.03

Magnesium

1.0 (0.9 to 1.2)

0.5

1.0 (0.9 to 1.1)

0.9

Potassium
Sodium

1.1 (0.9 to 1.2)
0.9 (0.8 to 1.0)

0.4
0.1

1.0 (0.9 to 1.2)
0.9 (0.8 to 1.0)

0.7
0.03

*4645 LLD users versus 4550 non-users.
†
Adjusted for age, gender, race, diabetes, cardiovascular disease (angina, congestive heart failure and cerebrovascular disease) and other
comorbid conditions (cancer, arthritis and chronic obstructive pulmonary disease).
DASH, Dietary Approach to Stop Hypertension.

angiotensin receptor blockers (ARBs). LLDs included
statins and non-statins.
All analyses were conducted using SAS (V.9, Cary,
North Carolina, USA).
Results
In NHANES 1999–2010, 14 856 subjects reported either
hypertension or hyperlipidaemia. Our criteria yielded a
final hypertension cohort of 11 851 subjects. The primary/
secondary LLD cohort had 9195 subjects, defined as those
being advised by a doctor to take LLDs or having an indication for primary or secondary prevention.
Among 11 851 hypertensive subjects, there were 8099
AH users and 3752 non-users. Compared with non-users,
AH users had higher mean age (66 vs 50 years) and were
more often: women, Caucasian, former/never smokers
or overweight. AH users were highly educated and more
likely to report incomes above the poverty level. AH users
reported worse health and more comorbid conditions
and were more likely to meet DASH dietary components
except for sodium intake (all p<0.05) (table 1). After
adjustment for age, gender, race and comorbid conditions, AH users had higher odds of: being more educated
(OR 1.3, 95% CI 1.2 to 1.4); having more income (OR
1.3, 95% CI 1.1 to 1.4) and being non-current smokers
Kinjo
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(OR 1.2, 95% CI 1.1 to 1.4). AH users had reduced odds
of: having normal weight (OR 0.7, 95% CI 0.6 to0.8) or
self-reporting health as excellent or good (OR 0.7, 95% CI
0.6 to 0.8). AH users had higher intakes of total fat, cholesterol, protein, calcium, magnesium and sodium (table 2).
Among 9195 subjects with hyperlipidaemia, 4645 LLD
users and 4550 non-users were identified. LLD users were
more likely to be: Caucasian, better educated, non-current smokers, physically active and use multivitamins.
LLD users reported less cardiovascular disease, but more
hypertension (all p<0.05) (table 1). After adjustment for
age, gender, race and comorbid conditions, prevalent
LLD users were more likely to be: highly educated (OR
1.2, 95% CI 1.0 to 1.4), current non-smokers (OR 1.2,
95% CI 1.1 to 1.3), more physically active (OR 1.3, 95%
CI 1.1 to 1.4) and use more multivitamins (OR 1.2, 95%
CI 1.1 to 1.3), but less likely to have BMI <25 (OR 0.7,
95% CI 0.7 to 0.8) or to report good/excellent health
(OR 0.8, 95% CI 0.7 to 0.9). Overall DASH scores were
not different between users and non-users, although
users had higher intakes of magnesium and calcium. A
trend towards higher intake of sodium in users was also
seen (table 3).
Both conditions were simultaneously reported in
6190 subjects for a combined cohort of 14 856 subjects
5
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Table 4 Association between each demographic or healthy lifestyle factor and the use of medications among subjects
with hypertension or hyperlipidaemia recommended/indicated pharmacological treatments (N=14 856): OR was calculated
comparing antihypertensive and lipid-lowering drug users versus non-users*
Demographic and healthy lifestyle factors

Adjusted OR (95% CI)

p Value

Adjusted OR (95% CI)†

p Value

Education >12 years
Above poverty-to-income ratio

1.1 (1.0 to 1.2)
1.3 (1.2 to 1.5)

0.03
<0.0001

1.2 (1.2 to 1.3)
1.3 (1.2 to 1.4)

<0.0001
<0.0001

Smoking, Not current

1.7 (1.5 to 1.8)

<0.0001

1.2 (1.1 to 1.4)

<0.0001

Alcohol <5 drinks

1.2 (1.1 to 1.4)

<0.0001

1.0 (0.9 to 1.2)

0.4

Body mass index <25

0.7 (0.7 to 0.8)

<0.0001

0.6 (0.6 to 0.7)

<0.0001

Moderate physical activity >150 min/week

1.0 (1.2 to 1.5)

0.3

1.1 (1.0 to 1.2)

0.04

Self-reported health, Excellent or very good 0.7 (0.6 to 0.7)

<0.0001

0.7 (0.6 to 0.8)

<0.0001

Multivitamin use

1.1 (1.1 to 1.2)

0.001

1.0 (0.9 to 1.1)

0.9

DASH accordance

1.0 (0.9 to 1.2)

0.9

1.0 (0.8 to 1.1)

0.9

Total fat

1.0 (0.9 to 1.1)

0.7

1.0 (0.9 to 1.1)

0.9

Saturated fat

0.9 (0.8 to 1.0)

0.1

1.0 (0.8 to 1.2)

0.8

Protein

0.9 (0.8 to 1.0)

0.2

0.9 (0.8 to 1.0)

0.05

Fibre

1.0 (0.9 to 1.2)

0.6

1.0 (0.9 to 1.1)

0.5

Cholesterol

1.1 (0.9 to 1.2)

0.4

1.0 (0.9 to 1.1)

0.9

Calcium

1.1 (1.0 to 1.2)

0.2

1.1 (1.0 to 1.3)

0.007

Magnesium

1.2 (1.1 to 1.2)

<0.0001

1.0 (0.9 to 1.2)

0.4

Potassium
Sodium

1.3 (1.2 to 1.5)
0.7 (0.7 to 0.8)

<0.0001
<0.0001

1.0 (0.9 to 1.1)
0.8 (0.7 to 0.9)

0.6
<0.0001

Dietary variables

*9715 antihypertensive/lipid-lowering drug users versus 3725 non-users.
†
Adjusted for age, gender, race, diabetes, cardiovascular disease (angina, congestive heart failure and cerebrovascular disease) and other
comorbid conditions (cancer, arthritis and chronic obstructive pulmonary disease).
DASH, Dietary Approach to Stop Hypertension.

(11 851 patients with hypertension and 9195 with hyperlipidaemia). In the secondary analysis, we compared 3725
patients who reported neither AH nor LLD use with 9715
who were using one or both types of medication. Lifestyle factors in the combined cohort of medication users
resembled that of AH users (table 4). When we analyse
results by gender and age, male or younger AH/LLD
users tended not to follow DASH recommendation, especially fat intake (data not shown).
Sensitivity analyses
For sensitivity analyses, we excluded all subjects who have
a secondary prevention indication for LLDs. The distribution of socioeconomic, lifestyle and dietary factors
remained similar to the main analysis.
We also compared verified users of prescription medications with non-users in subjects with hypertension
and hyperlipidaemia (tables 5 and 6). In this model, we
compared 4451 subjects using AH agents with 7400 as AH
non-users. In the primary/secondary LLD cohort, 2122
were users and 7073 were non-users. The healthy lifestyle factors in AH users were similar to the unadjusted
data, except that the exposure OR of increased physical
activity in AH users became statistically significant. After
adjustment, the associations of self-reported health and
6

multivitamin use were no longer satistitcally significant
between LLD users and non-users.
Discussion
These data show that healthier lifestyles and more
favourable socioeconomic conditions were positively
associated with AH/LLD use. AH users had higher
levels of income and education and were more likely to
be non-smokers. LLD users were physically more active
than non-users, but both AH or LLD users were more
frequently overweight and consumed more sodium than
non-users.
The relationships between economic factors and
adherence have been well described. Insufficient income
may promote non-adherence to expensive prescriptions,
so higher incomes in AH users could have contributed
to better adherence. A Canadian study showed that
prescription non-adherence increased as income levels
decreased.21 A Danish study showed that after myocardial infarction, impoverished patients were less likely to
initiate statin therapy than those with higher incomes.22
Education level may also promote the use of AHs, because
increased awareness of the benefits of BP control may
provide motivation for adherence. Higher educational
Kinjo M, et al. Open Heart 2017;4:e000417. doi:10.1136/openhrt-2016-000417
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Table 5 Association between each demographic or
healthy lifestyle factor and the use of verified medications
among subjects with hypertension recommended/indicated
pharmacological treatments (N=11 851): OR was calculated
comparing antihypertensive users versus non-users*

Table 6 Association between each demographic or healthy
lifestyle factor and the use of verified medications among
subjects with hyperlipidaemia recommended/indicated
pharmacological treatments (N=9195): OR was calculated
comparing lipid-lowering drug users versus non-users*

Demographic or healthy
lifestyle factors

Adjusted OR
(95% CI)‡

p Value

Demographic or healthy
lifestyle factors

Adjusted OR
(95% CI)‡

p Value

Education >12 years
Non-impoverished

1.2 (1.1 to 1.3)
1.2 (1.0 to 1.3)

0.0001
0.006

Education > 12 years
Non-impoverished

1.1 (1.0 to 1.2)
1.1 (1.0 to 1.3)

0.3
0.06

Smoking, Not current

1.2 (1.1 to 1.3)

0.002

Smoking, Not current

1.0 (0.9 to 1.1)

0.9

Alcohol <5 drinks

1.0 (0.9 to 1.1)

0.8

Alcohol <5 drinks

0.9 (0.8 to 1.0)

0.04

Body mass index <25

0.7 (0.6 to 0.8)

<0.0001

Body mass index <25

0.7 (0.7 to 0.8)

<0.0001

Moderate physical activity
>150 min/week

1.2 (1.0 to 1.3)

0.006

Physical activity
>150 min/week

1.3 (1.1 to 1.5)

<0.0001

Reported health,
Excellent/very good

0.8 (0.7 to 0.9)

<0.0001

Reported health,
Excellent/very good

1.0 (0.9 to 1.1)

0.7

Multivitamin use

1.1 (1.0 to 1.2)

0.2

Multivitamin use

1.0 (0.9 to 1.1)

1

DASH accordance

0.9 (0.8 to 1.1)

0.3

DASH accordance

1.0 (0.8 to 1.1)

0.8

Total fat

0.9 (0.8 to 1.0)

0.01

Total fat

1.0 (0.9 to 1.2)

0.4

Saturated fat

1.0 (0.9 to 1.1)

0.4

Saturated fat

0.9 (0.8 to 1.1)

0.4

Protein

1.0 (0.9 to 1.1)

0.5

Protein

1.1 (0.9 to 1.2)

0.3

Fibre

1.0 (0.9 to 1.1)

0.6

Fibre

1.0 (0.9 to 1.1)

0.9

Cholesterol

1.0 (0.9 to 1.1)

0.4

Cholesterol

1.0 (0.9 to 1.1)

0.7

Calcium

1.1 (1.0 to 1.2)

0.04

Calcium

1.1 (0.9 to 1.2)

0.3

Magnesium

1.1 (0.9 to 1.2)

0.4

Magnesium

1.1 (1.0 to 1.2)

0.2

Potassium
Sodium

1.0 (0.9 to 1.1)
0.9 (0.8 to 1.0)

0.8
0.02

Potassium
Sodium

1.1 (0.9 to 1.3)
0.9 (0.7 to 1.0)

0.1
0.02

Dietary variables

Dietary variables

*Users of beta-blockers, thiazide, calcium channel blockers,
ACE-I, ARB or any combination of these medications.
†
4451 AH users versus7400 non-users.
‡
Adjusted for age, gender, race, diabetes, cardiovascular disease
(angina, congestive heart failure and cerebrovascular disease)
and other comorbid conditions (cancer, arthritis and chronic
obstructive pulmonary disease).

levels predicted statin use in women, after adjustment for
cardiovascular disease (CVD) risk factors.23
AH users were more likely to be involved in healthy
self-management behaviours such as tobacco cessation.
Alcohol use was lower in the unadjusted model, but the
association attenuated in the adjusted model. LLD users
performed more physical activity, used more multivitamins
and chose diets richer in calcium, even after adjustment
for age, gender, race and comorbid conditions. Other
work has shown associations between AH non-adherence,
immoderate alcohol use and tobacco use.24 25 In a study of
patients for whom statins were prescribed, good adherers
practised better lifestyle behaviours, including regular
exercise, than poor adherers. Our data are consistent with
other findings that provide support for a positive interaction between healthy lifestyle and medication adherence.26
The relationship between dietary choices and medication
adherence is complex. AH/LLD users had similar DASH
Kinjo
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*Users of statins or non-statin lipid-lowering agents.
†
2122 LLD users and 7077 non-users.
‡
Adjusted for age, gender, race, diabetes, cardiovascular
disease (angina, congestive heart failure and cerebrovascular
disease) and other comorbid conditions (cancer, arthritis and
chronic obstructive pulmonary disease).
DASH, Dietary Approach to Stop Hypertension.

scores to non-users, but there were discordances among
individual DASH dietary components. AH/LLD users
tended towards higher calcium and sodium intakes. In a
prior study, adherence to a low-density lipoprotein cholesterol (LDL)-lowering diet intervention was associated with
a higher rate of discontinuing statin therapy, suggesting
that adherent patients may have decided that dietary
adherence obviated the need for medication.27 Another
recent study suggested that decisions for lifestyle modification were an often-cited rationale for failing to obtain
prescribed medication,28 suggesting that patients may view
lifestyle modifications and dietary restrictions as alternative
strategies that reduce their need for medications.29
We also observed that the increased use of AHs/LLDs
was associated with more obesity, cardiovascular disease
and diabetes, findings which corroborate previous
studies. Obesity is a risk factor for CAD) and stroke, but
obesity is associated with better outcomes among patients
7
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with CAD, which is known as the obesity paradox.30
Obesity paradox is questioned in that it is mainly due to
unmeasured confounding of the relationship between
a mediator variable and the outcome.31 Patients with
obesity have increased use of AHs/LLDs,9 32–35 and
patients with CVD or diabetes have better adherence
to statins.4 36 Perceptions of patients and physicians may
affect adherence to AHs/LLDs. Patients with hypertension or hyperlipidaemia with additional risk factors such
as diabetes or obesity might be more aware of their diagnosis and more likely to seek treatment with medications
compared with patients with no risk factors. Individuals
taking medications might also be more willing to change
their lifestyle behaviours towards healthier choices. In
ambulatory clinics in the USA, awareness of cardiovascular risk factors such as obesity or diabetes was positively
associated with healthy behaviour.37 Patients with obesity
and risk factors may be more frequently engaged in
regular medical care and increased AH/LLD use may
result. In a study of randomly sampled white Medicare
beneficiaries, the non-obese group contained more
current smokers, and more moderate and high alcohol
consumers, compared with obese persons.38 The health
concerns of patients with obesity may increase their
acceptance of preventive medications. Physicians may
selectively prescribe preventive medications in patients
with obesity or cardiovascular disease, in accordance with
therapeutic guidelines.35
Several limitations in this study are worth discussing.
The true prevalence of hypertension and hyperlipidaemia or secondary prevention indications for LLDs
could have been underestimated by self-reporting,
as could the use of medication, with subsequent
misclassification of users and non-users. However, our
conclusions in this population-based study were maintained within analyses of the subjects with and without
these conditions, which suggests internal and external
validity of our analyses. Assessment of dietary intakes
with two-hour dietary recalls could be imprecise, and
subject to recall bias, if medication users recall their
dietary status more reliably due to greater involvement
in health maintenance. Some degree of non-differential misclassification bias or recall bias (a type of
differential misclassification bias) due to imprecise or
biased recall/self-report exists in any studies relying on
self-report for variable measurement. However, we did
not observe clinically significant differences in nutrient
intake between users and non-users, except for higher
magnesium intakes in users.
Because of the cross-sectional nature of the present
study, we were not able to assess the causal relationship. A fear of serious cardiovascular disease such as
stroke or myocardial disease in AH/LLD users rather
than healthy lifestyle itself could have led them improve
their behaviours. It is also possible that medication use
influences dietary choices. Our data assess associations
but not causal relationships between dietary choices
and drug use, so we cannot rule out the possibility that
8

medication use influences dietary choices. If non-users
preferentially followed dietary modifications (as an alternative to medication) and users perceived AH/LLD use
as an alternative to optimal dietary choices, our ability
to detect a difference in dietary factors between the two
groups could be compromised.
In conclusion, AH/LLD use was associated with
several favourable socioeconomic and healthy lifestyle
factors. The healthy user bias that distorts observational studies of AH/LLD effectiveness may be partly
explained by unmeasured healthier lifestyle attributes
or socioeconomic factors among medication users.
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