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Marianna Virtanen1, Jaana Pentti1, Jussi Vahtera1,5., Mika Kivimäki1,6,7.
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Abstract
Background: While hypertension is a common and treatable health problem, adherence to antihypertensive medication
remains a challenge. This study examines the hypothesis that workplace social capital may influence adherence to
antihypertensive medication among hypertensive employees.
Methodology/Principal Findings: We linked survey responses to nationwide pharmacy records for a cohort of 3515
hypertensive employees (mean age 53.9 years, 76% women) who required continuous antihypertensive drug therapy (the
Finnish Public Sector study). A standard scale was used to measure workplace social capital from co-workers’ assessments
and self-reports in 2000–2004. Non-adherence to antihypertensive medication was determined based on the number of
days-not-treated at the year following the survey using comprehensive prescription records. Negative binomial regression
models were conducted adjusting for socio-demographic characteristics, duration of hypertension, behaviour-related risk
factors, and co-morbid conditions. The overall rate of days-not-treated was 20.7 per person-year (78% had no days-nottreated). Higher age, obesity, and presence of somatic co-morbidities were all associated with better adherence, but this
was not the case for co-worker-assessed or self-reported workplace social capital. The rate of days-not-treated was 19.7 per
person-year in the bottom fourth of co-worker-assessed workplace social capital, compared to 20.4 in the top fourth. The
corresponding rate ratio from the fully-adjusted model was 0.95 (95% confidence interval (CI) 0.58–1.56). In a subgroup of
907 new users of antihypertensive medication this rate ratio was 0.98 (95% CI 0.42–2.29).
Conclusions/Significance: We found no consistent evidence to support the hypothesized effect of workplace social capital
on adherence to drug therapy among employees with chronic hypertension.
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costs that could have been avoided [2,4,10,11]. Researchers have
identified several correlates of adherence, including patient
characteristics, the quality of the patient-clinician relationship,
severity of disease, access to health care, and treatment regimen
[2–4,12]. Recent studies also suggest that social support may
facilitate treatment adherence [2,5,13].
An important extension of the evidence linking social relationships to health outcomes is the growing literature on social capital
and health. Social capital is defined as the features of social
structures which act as resources for individuals, including

Introduction
Hypertension is an increasingly common health problem
affecting currently one billion people worldwide [1]. Although
effective medicines are available to control high blood pressure,
adherence to treatment remains a major problem [2]. The extent
of hypertensive patients who adhere to treatment (i.e. take
medications as prescribed) [2,3] is estimated to be 50% to 90%
[4–9]. Lack of treatment adherence results in suboptimal blood
pressure control, adverse cardiovascular outcomes, and health care
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interpersonal trust and norms of reciprocity and mutual aid [14–
16]. Both low social capital and uncontrolled blood pressure have
been linked to cardiovascular disease morbidity and mortality[11,17,18]. However it is unclear whether poor adherence to
antihypertensive medication therapy could be one of the potential
mechanisms linking low social capital to adverse cardiovascular
outcomes.
In theory, social capital may influence medication adherence
through: (a) the provision of effective social support networks for
the exchange of health promoting information and access to
resources outside the individual’s own network [19–21]; (b) social
engagement in a meaningful social context that promotes positive
psychological states to enhance motivation for self-care and
appropriate health service utilization [22,23]; and (c) shared
norms and values around health-related behaviours [24,25]. To
date, at least two studies have examined the relationship between
social capital and the use of antihypertensive medication [26,27].
However, both of these studies used self-reports to assess exposure
and outcome and were thus subject to common method bias.
Furthermore, the studies assessed social capital via social
participation in the community among working and retired
people. It can be argued that for working populations spending
an increasing amount of their time at work, workplace may also
represent a meaningful source of social capital [28,29]. However,
we are not aware of any previous studies examining the hypothesis
that social capital in work context may promote adherence to
antihypertensive drug therapy.
The aim of the present study was to examine the hypothesis that
workplace social capital may influence adherence to antihypertensive medication in a prospective cohort study of 3515
hypertensive men and women who responded to a survey of
workplace social capital. We linked their responses to nationwide
pharmacy records of filled prescriptions for antihypertensive
medication and followed up participants for one year to examine
the rates of days-not-treated as an objective indicator of nonadherence to treatment.

Case ascertainment for hypertension
Hypertension and its duration were defined based on entitlement to special reimbursement. In Finland, the National Health
Insurance administered by the Social Insurance Institution (SII)
covers all permanent residents regardless of age, wealth, or
employment status. Residents with chronic and severe hypertension are eligible for lower copayments for antihypertensive drugs.
Currently, 72% of the costs of medicines are reimbursed after a
fixed deductible by purchase with annual maximum copayments
of around 600 Euros, provided the person is listed in the Drug
Reimbursement Register maintained by the SII. In order to
receive special reimbursement, the patient must submit a doctor’s
certificate to SII stating the illness, and the medication needed to
treat it. For hypertension, the current criteria are stricter than the
guidelines for treatment of hypertension [11], and include
documentation of repeated blood pressure measurements of
$105 mmHg diastolic, or $95 mmHg diastolic with signs of
complications or other cardiovascular risk factors, or
$200 mmHg systolic. Special reimbursement can be granted
only after 6 months of surveillance with lifestyle counselling
followed by 6 months of drug therapy.

Workplace social capital

Methods

Workplace social capital was assessed with an 8-item selfassessment scale designed to measure social capital in the workplace
[31]. Using a 5-point Likert-scale, the participants assessed
workplace social capital, defined as the shared values, attitudes,
and norms of trust and reciprocity as well as practices of collective
action in their work unit [31]. As previously [32,33], we assessed
social capital in two alternative ways: (a) using each individual’s own
assessment, and to minimise subjectivity bias, (b) summing up the
assessment of co-workers, but excluding the individual’s own
assessment. We calculated the mean of the individual items to
construct a scale ranging from 1 to 5 with higher score indicating
high social capital. Prior psychometric evaluation in the Finnish
Public Sector Study has demonstrated the scale to have high
internal consistency (Cronbach’s alpha 0.88) and rwg index (0.88)
indicating significant within-unit agreement [31].

Ethics statement

Assessment of adherence to antihypertensive medication

The Ethics Committee of the Finnish Institute of Occupational
Health approved the study.

Adherence to antihypertensive medication was assessed from
filled prescriptions for antihypertensive drugs recorded in the Drug
Prescription Register. The automated pharmacy dispensing data
are operated under a single system and cover virtually all filled outpatient prescriptions from pharmacies in Finland. Pharmacy refill
data of antihypertensive drugs were extracted for the year
following the survey year, and included a listing of all
antihypertensive prescriptions filled, the dispensing date, the
quantity dispensed in Defined Daily Dosages (DDDs), and the
drug class according to the WHO Anatomical Therapeutic
Chemical (ATC) classification for codes C02 (antihypertensives),
C03 (diuretics), C07 (beta blockers), C08 (calcium channel
blockers), and C09 (ACE inhibitors). DDD is a globally unified
measurement unit, defined as the assumed average maintenance
dose per day for a drug used for its main indication in adults [34].
We used a refill-sequence model of adherence to quantify the
duration of treatment [35]. Thus, we measured the total duration
of consecutive refills, using 100 DDDs as a maximum for a refill
(up to 3 months supply of medications can be reimbursed during a
single transaction in the Finnish reimbursement legislation) and
added 50 days to all refills to prospectively fill the gaps between
subsequent purchases [35,36]. This grace period for the gap in
medication implies that the patients treated with half of the
defined daily dose are correctly assigned as having 100 days of

Study design
We used data from the Finnish Public Sector study, which
includes the entire personnel in the municipal services of 10 towns
and within 6 hospital districts in Finland [30]. For this study, we
included 66,418 employees who responded to a survey of
workplace social capital in 2000–2002 and/or 2004 (a total of
79% of the eligible employees responded at least once). In case of
repeat responses, the more recent one was used in the analysis.
Personal identification numbers were used to link all study
participants to national prescription and health registers from
1994 through 2005.
Of the respondents, we identified those who had physicianverified hypertension during the survey year, and who were alive at
least one year after the survey year (total n = 4538). We excluded all
896 employees of one town for whom prescription data were not
available because their medication costs were covered by the
employer, 120 participants due to missing data on workplace social
capital, and 7 participants who had died before the beginning of the
1-year follow-up which ran from January 1 following the survey
year. Thus, the final analytic sample comprised 3515 hypertensive
employees (76% women, mean age 53.9 years, range 22–66).
PLoS ONE | www.plosone.org
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treatment. We then calculated (with this model) the length of the
gaps, i.e. days-not-treated, between subsequent prescriptions in the
sequence of all refill dates, assuming that an individual has not
discontinued drug therapy at a given point in time if his/her
dispensed supply from the last redemption has not elapsed or if it
elapsed within the last 50 days. We excluded periods of inpatient
hospital admissions during which the medication is provided by
the hospital. The outcome, days-not-treated, indicated nonadherence to drug therapy and was treated as a continuous
variable in the analyses [37,38].

hypertension, behaviour-related risk factors, and co-morbid
physical illness and depression at baseline. We tested whether
sex or SES modified the association by adding the interaction
terms sex*workplace social capital and SES*workplace social
capital in the model of main effects, but we did not find any
evidence of an effect modification (all p-values .0.05). Potential
predictors of non-adherence were considered statistically significant at 95% confidence interval level (two-sided p,0.05).

Sensitivity analyses
We conducted three sets of sensitivity analyses. First, as 80% of
days treated is commonly used as a cut-point in adherence studies
[3,7], we tested the robustness of the findings by dichotomizing the
outcome as less than 80% of days treated versus other. Using this
binary outcome, we then conducted logistic regression models to
calculate odds ratios (OR) for the risk of non-adherence associated
with self-assessed and co-workers’ assessment of workplace social
capital. Second, because the effects of workplace social capital on
health may vary by dimension [42], we examined the vertical (i.e.
employees’ relations with their employers and supervisors) and
horizontal (i.e. social contacts, cooperation and trust in relation to
co-workers) components of workplace social capital separately. We
determined the vertical or horizontal component of workplace
social capital as in our previous study [43], divided the co-worker
assessed and self-reported ratings into quartiles, and examined
whether they were associated with non-adherence with negative
binomial regression models. Third, we restricted the sample to 907
(77% women) new users of antihypertensive medication because
long-term users may differ from new users in terms of baseline risk;
there is also evidence to suggest that adherence reduces over time
[4,6]. We traced those who were newly granted special
reimbursement for hypertension after responding to a survey in
2000–02 or 2004, followed their adherence to antihypertensive
medication during the first year of treatment starting from the date
of granting special reimbursement, and repeated the main analysis
using negative binomial regression models adjusting for age and
year of treatment, and then for all covariates.
All statistical analyses were conducted with SAS 9.13 statistical
software (SAS Institute, Inc., Cary, NC, USA).

Covariates
Participants’ age, sex, socioeconomic status (SES), type of job
contract (permanent vs. temporary), type of employer (municipality vs. hospital), and geographic area (Southern, Middle or
Northern Finland, based on the location of the workplace) were
derived from employers’ registers. SES was divided into three
categories according to the occupational classification of Statistics
Finland, i.e. upper grade non-manual workers (e.g. head nurses,
teachers), lower grade non-manual workers (e.g. practical nurses,
technicians), and manual workers (e.g. cleaners, maintenance
workers). Marital status (married or cohabiting vs. other) was
derived from survey responses. Standard questionnaires were used
to assess behaviour-related risk factors: obesity (body mass
index$30, calculated as weight in kilograms divided by height
in meters squared), smoking (current vs. ex- or never), excess
alcohol use (.210g/wk) [39], and physical inactivity (,2 METhours/wk, MET = metabolic equivalent tasks) [40].
The presence of co-morbid physical illnesses was based on
documentation of the condition in the SII, the National Hospital
Discharge Register, or the Finnish Centre for Pension for
entitlement to special reimbursement for the costs of medication,
sickness absence or disability pension or the main diagnoses of
hospital discharge. These conditions included diabetes mellitus,
heart failure, coronary heart disease, cardiac arrhythmia, and
cerebrovascular diseases. Notifications of diagnosed cancer were
obtained from the Finnish Cancer Registry which compiles all
cancer notifications in Finland. Co-morbid conditions were
encoded as ‘yes’ if any data on pre-existing disease was found
during four years preceding the follow-up. Co-morbid depression
was identified based on documentation of any of the following: 1)
long term (.90 days) work disability (sickness absence or disability
pension), 2) hospital admission due to depression, 3) pharmacy
records of filled prescriptions of at least 30 defined daily dosages of
antidepressants (ATC code N06) during any of the four years
preceding the follow-up, or 4) if the participant responded as being
diagnosed with depression in the survey.

Results
The baseline characteristics of the 828 hypertensive men and
2687 women are shown in Table 1. Of them, 14% were smokers
and 30% obese, 14% had been diagnosed with physical illnesses,
and 20% with depression before the adherence follow-up begun.
Participants had been treated for hypertension for a mean of 9.0
years (range 1–33) as defined from the duration of entitlement to
special reimbursement. The means of self-assessed and co-workers’
assessed workplace social capital were 3.56 (standard deviation
(SD) 0.78, range 1–5) and 3.57 (SD 0.39, range 1.38–5),
respectively.
The overall rate of days-not-treated was 20.7 per person-year
(range 0–365 days). A total of 78% of the participants had no daysnot-treated according to the Drug Prescription Register.
We did not find statistically significant differences in the rate of
days-not-treated between men and women, by marital status, type
of job contract or employer, residential area, or between
socioeconomic groups (Table 1). Smoking, physical inactivity
and heavy alcohol use were not associated with adherence either.
In contrast, each 5-year increase in age reduced the rate of daysnot-treated by 14% (RR 0.86, 95% CI 0.77–0.96). Obesity and the
presence of somatic co-morbidity were also associated with an
improved adherence: adjusted for age and survey year, rate ratios

Statistical analysis
As of April 2003, pharmacy personnel have been allowed to
switch to generic drug formulations to lower total prescription
drug costs in Finland, additionally leading to smaller copayments
to individuals, factor suggested to influence adherence [7]. We
took this into account in the analyses by adjusting the models for
the survey year. We examined the age- and survey-year-adjusted
differences in rates of days-not-treated as a function of the cohort
characteristics using analysis of variance. We calculated rate ratios
(RR) and their 95% confidence intervals (CI) for the days-nottreated using negative binomial regression models to take into
account the skewness of the outcome [41], allowing for overdispersion. We conducted the analyses separately for self-reported
and co-worker-assessed social capital, adjusting for age, survey
year, sex, socioeconomic position, marital status, type of job
contract, type of employer, area of residence, duration of
PLoS ONE | www.plosone.org
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Table 1. Baseline characteristics and their association with non-adherence to antihypertensive medication in 3515 hypertensive
employees, the Finnish Public Sector Study, 2000–2005.

Days-not-treated
Characteristic

N (%)

Rate per 1 person-year*

RR (95% CI)*

Sex
Women

2687 (76)

20.4

1.00

Men

828 (24)

21.7

1.06 (0.73–1.55)

Higher non-manual

799 (23)

20.0

1.00

Lower non-manual

1843 (52)

22.0

1.15 (0.77–1.72)

Manual workers

871 (25)

18.6

0.92 (0.58–1.46)

Socioeconomic status

Marital status
Married

2638 (76)

20.7

1.00

Not married

822 (24)

21.8

1.07 (0.73–1.56)

Permanent

3190 (93)

20.2

1.00

Temporary

246 (7)

25.2

1.23 (0.65–2.33)

Municipality

2238 (64)

19.7

1.00

Hospital

1277 (36)

22.4

1.13 (0.80–1.59)

Southern Finland

1919 (55)

20.7

1.00

Middle Finland

869 (25)

16.2

0.74 (0.50–1.10)

Northern Finland

727 (21)

26.0

1.20 (0.79–1.83)

Type of job contract

Type of employer

Geographical area

Smoking
No

2919 (86)

21.0

1.00

Yes

481 (14)

21.2

1.00 (0.63–1.60)

BMI $30
No

2367 (70)

24.2

1.00

Yes

1034 (30)

12.4

0.51 (0.36–0.72)

Heavy alcohol use
No

3097 (89)

21.4

1.00

Yes

398 (11)

15.1

0.68 (0.41–1.13)

Physical inactivity
No

2251 (65)

22.7

1.00

Yes

1228 (35)

17.4

0.75 (0.53–1.04)

Co-morbid physical illness{
No

3029 (86)

21.9

1.00

Yes

486 (14)

13.3

0.59 (0.37–0.94)

Co-morbid depression
No

2804 (80)

19.8

1.00

Yes

711 (20)

24.3

1.24 (0.84–1.85)

Age (years, mean, SD)

53.9 (6.6)

0.86 (0.77–0.96)**

Duration of hypertension (years, mean, SD)

9.0 (6.3)

1.07 (0.94–1.22)**

RR; rate ratio, CI; confidence interval, SD; standard deviation.
*Adjusted for age and survey year.
**per 5-year increase.
{
Diabetes mellitus, coronary insufficiency, coronary heart disease, cardiac arrhythmias, cerebrovascular disease.
doi:10.1371/journal.pone.0024732.t001

for days-not-treated were 0.51 (95% CI 0.36–0.72) for the obese
and 0.59 (95% CI 0.37–0.94) for the participants with somatic comorbidities compared to employees without these conditions.
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Table 2. Association between workplace social capital and non-adherence to antihypertensive medication in 3515 hypertensive
employees, the Finnish Public Sector Study, 2000–2005.

Days-not-treated
Rate per 1 person-year

Model 1
RR (95% CI)*

Model 2
RR (95% CI)*

Model 3
RR (95% CI)*

1 (low)

23.2

1.03 (0.65–1.65)

1.13 (0.70–1.83)

1.17 (0.72–1.92)

2

19.2

0.82 (0.52–1.30)

0.91 (0.57–1.45)

0.85 (0.53–1.38)

3

18.9

0.87 (0.54–1.39)

0.94 (0.58–1.52)

1.04 (0.62–1.73)

4 (high)

21.7

1.00

1.00

1.00

1 (low)

19.7

1.00 (0.63–1.57)

0.97 (0.60–1.57)

0.95 (0.58–1.56)

2

21.2

1.05 (0.66–1.66)

1.04 (0.64–1.67)

0.92 (0.56–1.52)

3

21.4

1.04 (0.66–1.65)

0.96 (0.60–1.55)

0.80 (0.48–1.32)

4 (high)

20.4

1.00

1.00

1.00

Workplace social capital
Self-assessed

Co-workers’ assessment

*RR; rate ratio, CI; confidence interval.
Model 1 adjusted for age and survey year.
Model 2, as Model 1, additionally adjusted for sex, socioeconomic and marital status, type of job contract, type of employer, geographical area, and the duration of
hypertension.
Model 3, as Model 2, additionally adjusted for smoking, excess alcohol use, obesity, physical inactivity, and co-morbid physical illness and depression.
doi:10.1371/journal.pone.0024732.t002

medication. This was true for all and new users of antihypertensive
medication, for self-assessed and co-workers’ assessment of
workplace social capital, and for its vertical and horizontal
components.
Our results are in line with Johnell et al. who found no robust
association between social participation in the community and
adherence to antihypertensive medication among the elderly [26].
Similarly, Merlo et al. found no neighbourhood effect of social
participation on self-reported antihypertensive medication use
among women [27]. In our study, low self-reported social capital
was non-significantly associated with non-adherence, whereas the
association of co-worker-assessed social capital and adherence was
practically null. Given that we had sufficient power to detect a
meaningful association between social capital and adherence,
these null results suggest that workplace social capital does not
explain non-adherence to pharmacotherapy in hypertensive
working populations.
It is important to consider alternative explanations for our
results. The American Society of Hypertension and empirical
studies have highlighted that factors related to the health care
system are undervalued as contributors to (in)sufficient adherence,
as access to health care services may vary among health care
systems leading to cost-related non-adherence [4,44]. In Finland,
all citizens have unrestricted access to health services, including
partial or complete reimbursement of purchased medicines. In
these circumstances it may be that social capital in the workplace
promotes regular check-ups and help seeking in the first place
rather than continued adherence to medication [22,43]. Once a
patient has commenced long-term therapy, it is possible that other
characteristics, such as age, overall life style and, psychological
traits, may affect treatment adherence, as demonstrated in a
previous study in this cohort [41].
Imprecise measurement of the exposure or the outcome may
contribute to null findings. It is unlikely that the social capital
measure is subject to appreciable measurement error because we
also assessed co-workers’ perceptions of workplace social capital in
the same work unit, thus reducing the possibility of common

of days-not-treated was 19.7 per person-year in the bottom fourth
of co-worker-assessed workplace social capital, compared to 20.4
in the top fourth. The corresponding rate ratio, adjusted for sociodemographic characteristics, duration of hypertension, behaviourrelated risk factors, and co-morbid conditions was 0.95 (95% CI
0.58–1.56). For self-reported workplace social capital, the rate of
days-not-treated was 23.2 among employees in the lowest quartile,
whereas it was 21.7 for those reporting the highest levels. The
corresponding rate ratio from the fully-adjusted model was 1.17
(95% CI 0.72–1.92).
The results from the sensitivity analysis were consistent with the
main findings. Modelling the risk of less than 80% of days-treated
as the outcome and adjusting for all the covariates showed that
employees in the lowest quartile of co-worker assessed workplace
had no excess risk of non-adherence (OR 1.06, 95% CI 0.66–1.38)
compared to those in the highest quartile. For the lowest levels of
self-reported workplace social capital, the odds ratio from the fullyadjusted model was 1.16 (95% CI 0.81–1.66). Similarly, neither
co-worker assessed nor self-reported vertical or horizontal
component of workplace social capital were associated with
adherence; the rate ratios varied between 1.00 and 1.12, and all
95% confidence intervals included unity.
In the subcohort of 907 new users of antihypertensive
medication, the overall rate of days-not-treated was 18.7 per
person-year during the first year of treatment when entitled to
special reimbursement for the costs of medication. Table 3 shows
that among these new users of antihypertensive medication there
was no excess risk of non-adherence associated with co-worker
assessed or self-reported workplace social capital. The rate ratio of
days-not-treated was 0.98 (95% CI 0.42–2.29) for low vs. high coworker assessed workplace social capital and 1.43 (95% CI 0.60–
3.40) for low vs. high self-reported social capital.

Discussion
In this cohort of 3500 hypertensive employees, we found no
consistent evidence to support the hypothesis that workplace social
capital would be associated with adherence to antihypertensive
PLoS ONE | www.plosone.org
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Table 3. Association between workplace social capital and non-adherence to antihypertensive medication in a subcohort of 907
employees with incident hypertension, the Finnish Public Sector Study, 2000–2005.

Days-not-treated
Rate per 1 person-year

Model 1
RR (95% CI)*

Model 2
RR (95% CI)*

1 (low)

24.5

1.56 (0.71–3.44)

1.43 (0.60–3.40)

2

20.7

1.38 (0.64–3.00)

1.27 (0.54–2.94)

3

13.4

0.80 (0.78–1.69)

0.92 (0.40–2.13)

4 (high)

18.1

1.00

1.00

1 (low)

18.4

1.04 (0.48–2.24)

0.98 (0.42–2.29)

2

21.0

1.23 (0.57–2.64)

1.08 (0.47–2.47)

3

15.3

0.86 (0.40–1.85)

0.70 (0.31–1.60)

4 (high)

18.1

1.00

1.00

Workplace social capital
Self-assessed

Co-workers’ assessment

*RR; rate ratio, CI; confidence interval.
Model 1 adjusted for age and treatment year.
Model 2, as Model 1, additionally adjusted for sex, socioeconomic and marital status, type of job contract, type of employer, geographical area, duration of
hypertension, smoking, excess alcohol use, obesity, physical inactivity, and co-morbid physical illness and depression.
doi:10.1371/journal.pone.0024732.t003

cannot refute the possibility that social capital in other contexts
might be associated with adherence to antihypertensive medication or treatment adherence in other diseases.

method and subjectivity biases related to self-report. Furthermore,
the workplace social capital measure has successfully predicted
other health outcomes, such as depression, in this dataset [32,33].
By and large, the measurement of adherence in hypertension is
problematic because no direct measures, such as biological
markers measured from the blood, are available [3]. We did not
use self-reports of adherence which are subject to recall bias and
social desirability with the tendency to overestimate adherence
[6,45]. Comprehension of monitoring of adherence as in
randomised controlled trials may itself enhance adherence [9].
Measuring adherence objectively from pharmacy refill data are
considered highly accurate and more complete than medical
records and information elicited from questionnaires [46]. In our
study, the rates of adherence observed were in line with previous
studies from the UK [5], US [7,8], and Spain [9] reporting days
covered rather than using an arbitrary cut-point to determine
adherence. Furthermore, we found, in agreement with previous
studies, that older age, obesity, and co-occurrence of cardiovascular co-morbidities were each associated with better adherence
[47,48]. Patients with multiple cardiovascular risk factors may be
more motivated to adhere with their therapy or have more severe
of hypertension [47,48].
Limited variation in the exposure may lead to an underestimation of associations and potentially contribute to false null findings.
All employees in our study were working in the service of public
hospitals or municipalities. It is possible that the workplace culture
in these public sector workplaces is more similar than in other
types of workplace (for example in private for-profit companies),
resulting in reduced variation in workplace social capital.
However, the range and standard deviation of the social capital
measures suggest that limited variation may not be a major
problem in these data
Low statistical power can prevent detection of small effects. Our
study was based on a relatively large sample and the absolute
differences in non-adherence days between social capital groups
were all within 6 days per year. This suggests that there was no
clinically meaningful effect of workplace social capital on
adherence behaviour. Still, based on the results of this study, we
PLoS ONE | www.plosone.org

Strengths and limitations
We employed data from a large cohort of workers with
physician-verified hypertension and need for continuous antihypertensive medication, successfully linked to a comprehensive
population level prescription register to enable a 12-month
prospective follow-up. All participants were covered by the
Finnish National Health Insurance, thus avoiding selection bias
due to insurance coverage or varying time of insurance coverage
which is possible in commercial health insurance plans. We
investigated both prevalent and new users because barriers to good
adherence may differ for newly-diagnosed patients versus those
with long-standing treatment for hypertension [6,7]. We used a
psychometrically validated multi-item measure to assess workplace
social capital. We measured medication adherence objectively
from pharmacy refill data. Rates of refilled prescriptions are
considered valid as measures of gaps in medication supply within a
closed pharmacy system provided that the refills are measured at
several points in time [3,49].
However, the results need to be interpreted in the light of
several limitations. First, pharmacy dispensing records provide an
indirect measure of adherence and we could not ascertain whether
the medication was actually taken. Second, the participants were
covered by the Finnish National Health Insurance which may
compromise generalisability of the findings to uninsured workers.
Third, qualifying for special reimbursement required blood
pressure levels of Stage II hypertension or Stage I with other
cardiovascular risk factors or co-morbidities [11]. Hence, we do
not know whether workplace social capital contributes to
adherence in milder cases of hypertension. Fourth, we assessed
workplace social capital at baseline only, and we did not assess
changes in social capital in relation to changes in adherence
behaviour. Fifth, when prescription registries are used to define
episodes of medication use, apparent gaps in treatment can occur.
By filling the gaps, we avoided bias from embedded gaps due to a
6

September 2011 | Volume 6 | Issue 9 | e24732

Social Capital and Adherence

lower dose than DDD or tablet splitting; however, we could still
have misclassified participants with terminal gaps, i.e. discontinuing the medication without finishing the supply [50]. If the 50 days
we used for filling the gaps is too long a period, we have counted
those non-adherent as adherent; conversely, if the period is too
short, we have missed individuals who continued taking the
medication, i.e. who were adherent. Non-differential misclassification of the outcome, which can be assumed to be the case with
the Prescription Register, is likely to bias the measures of
associations towards the null. Finally, there may be a tendency
of those employees whose adherence is poor to develop
complications of high blood pressure and to leave employment
[10,50]. However, our follow-up covered both employed and
unemployed population, reducing the healthy worker effect related
to occupational cohorts [51].

medication. Reporting null results may provide balance for the
social capital research area not to produce publication bias and not
to show social capital in a too favourable light. We wish not to
guard research away from studying social capital in workplaces,
but instead, encourage comparative work. To our knowledge, this
is the first and only investigation on this topic in the work context
to date. As the meaning of workplace social capital may differ by
cultural background or branch of industries, further studies in
other cohorts and contexts are needed to refute the overall
hypothesis that social capital is associated with adherence to
antihypertensive medication.
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Conclusions
In this paper, we report null results of the relationship between
workplace social capital and adherence to antihypertensive
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32. Oksanen T, Kouvonen A, Kivimäki M, Pentti J, Virtanen M, et al. (2008) Social
capital at work as a predictor of employee health: multilevel evidence from work
units in Finland. Soc Sci Med 66: 637–649.
33. Kouvonen A, Oksanen T, Vahtera J, Stafford M, Wilkinson R, et al. (2008) Low
workplace social capital as a predictor of depression: The Finnish Public Sector
study. Am J Epidemiol 167: 1143–1151.
34. World Health Organization (WHO) (2006) Guidelines for ATC classification
and DDD assignement. Oslo: WHO Collaborating Centre for Drug Statistics
Methodology.
35. Caetano PA, Lam JM, Morgan SG (2006) Toward a standard definition and
measurement of persistence with drug therapy: Examples from research on statin
and antihypertensive utilization. Clin Ther 28: 1411–1424.
36. Nielsen LH, Lokkegaard E, Andreasen AH, Keiding N (2008) Using prescription
registries to define continuous drug use: how to fill gaps between prescriptions.
Pharmacoepidemiol Drug Saf 17: 384–388.
37. Schroeder K, Fahey T, Hay AD, Montgomery A, Peters TJ (2006) Relationship
between medication adherence and blood pressure in primary care: prospective
study. J Hum Hypertens 20: 625–627.
38. Steiner JF, Prochazka AV (1997) The assessment of refill compliance using
pharmacy records: methods, validity, and applications. J Clin Epidemiol 50:
105–116.
39. Rimm EB, Williams P, Fosher K, Criqui M, Stampfer MJ (1999) Moderate
alcohol intake and lower risk of coronary heart disease: meta-analysis of effects
on lipids and haemostatic factors. BMJ 319: 1523–1528.
40. Kujala UM, Kaprio J, Sarna S, Koskenvuo M (1998) Relationship of LeisureTime Physical Activity and Mortality: The Finnish Twin Cohort. JAMA 279:
440–444.

1. Kearney PM, Whelton M, Reynolds K, Muntner P, Whelton PK, et al. (2005)
Global burden of hypertension: analysis of worldwide data. Lancet 365:
217–223.
2. Adherence to long-term therapies (2003) Evidence for action. Geneva,
Switzerland: World Health Organisation.
3. Osterberg L, Blaschke T (2005) Adherence to medication. N Engl J Med 353:
487–497.
4. Hill MN, Miller NH, DeGeest S (2010) ASH position paper: Adherence and
persistence with taking medication to control high blood pressure. J Clin
Hypertens 12: 757–764.
5. Schroeder K, Fahey T, Hollinghurst S, Peters TJ (2005) Nurse-led adherence
support in hypertension: a randomized controlled trial. Family Practice 22:
144–151.
6. Burnier M (2006) Medication adherence and persistence as the cornerstone of
effective antihypertensive therapy. Am J Hypertens 19: 1190–1196.
7. Briesacher BA, Andrade SE, Fouayzi H, Chan KA (2009) Medication adherence
and the use of generic drug therapies. Am J Manag Care 15: 450–456.
8. Rose AJ, Berlowitz DR, Manze M, Orner MB, Kressin N (2009) Intensifying
therapy for hypertension despite suboptimal adherence Hypertension 54:
524–529.
9. Pladevall M, Brotons C, Gabriel R, Arnau A, Suarez C, et al. (2010) Multicenter
cluster-randomized trial of a multifactorial Intervention to improve antihypertensive medication adherence and blood pressure control among patients at high
cardiovascular risk (The COM99 Study). Circulation 122: 1183–1191.
10. Simpson SH, Eurich DT, Majumdar SR, Padwal RD, Tsuyuki RT, et al. (2006)
A meta-analysis of the association between adherence to drug therapy and
mortality. BMJ 333: 15.
11. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, et al. (2003)
Seventh Report of the Joint National Committee on prevention, detection,
evaluation, and treatment of high blood pressure. Hypertension 42: 1206–1252.
12. Kidd KE, Altman DG (2000) Adherence in social context. Control Clin Trials
21: 184S–187S.
13. Hashmi SK, Afridi MB, Abbas K, Sajwani RA, Saleheen D, et al. (2007) Factors
associated with adherence to anti-hypertensive treatment in Pakistan. PLoS
ONE 2; e28.
14. Bourdieu P (1986) The Forms of Capital. Handbook of Theory of research for
the Sociology of education. New York, NY: Greenwood Press.
15. Putnam RD (1993) Making democracy work: Civic traditions in modern. , Italy:
Princeton University Press, Princeton, New Jersey.
16. Baum FE, Ziersch AM (2003) Social capital. J Epidemiol Community Health 57:
320–323.
17. Sundquist K, Lindström M, Malmström M, Johansson SE, Sundquist J (2004)
Social participation and coronary heart disease: a follow-up study of 6900
women and men in Sweden. Soc Sci Med 58: 615–622.
18. Sundquist J, Johansson SE, Yang M, Sundquist K (2006) Low linking social
capital as a predictor of coronary heart disease in Sweden: a cohort study of 2.8
million people. Soc Sci Med 62: 954–963.
19. Berkman LF, Glass T, Brisette T, Seeman TE (2000) From social integration to
health: Durkheim in the new millennium. Soc Sci Med 51: 843–857.
20. Stanton AL (1987) Determinants of adherence to medical regimens by
hypertensive patients. J Behav Med 10: 377–394.
21. Rogers E (1983) Diffusion of Innovations. New York, NY: The Free Press.
22. Kawachi I, Kennedy BP, Glass R (1999) Social capital and self-rated health: a
contextual analyses. Am J Public Health 89: 1187–1193.

PLoS ONE | www.plosone.org

7

September 2011 | Volume 6 | Issue 9 | e24732

Social Capital and Adherence

46. Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, et al.
(2009) The Nordic countries as a cohort for pharmacoepidemiological research.
Basic Clin Pharmacol Toxicol 106: 86–94.
47. Chapman RH, Benner JS, Petrilla AA, Tierce JC, Collins SR, et al. (2005)
Predictors of adherence with antihypertensive and lipid-lowering therapy. Arch
Intern Med 165: 1147–52.
48. Siegel D, Lopez J, Meier J (2007) Antihypertensive medication adherence in the
Department of Veterans Affairs. Am J Med 120: 26–32.
49. Choo PW, Rand CS, Inui TS, Lee ML, Cain E, et al. (1999) Validation of
patient reports, automated pharmacy records, and pill counts with electronic
monitoring of adherence to antihypertensive therapy. Med Care 37: 846–857.
50. Schneeweis S, Avorn J (2005) A review of uses of health care utilization
databases for epidemiologic research on therapeutics. J Clin Epidemiol 58:
323–337.
51. Li C-Y, Sung E-C (1999) A review of the healthy worker effect in occupational
epidemiology. Occup.Med 49: 225–229.

41. Nabi H, Vahtera J, Singh-Manoux A, Pentti J, Oksanen T, et al. (2008) Do
psychological attributes matter for adherence to antihypertensive medication?
The Finnish Public Sector Cohort Study. J Hypertens 26: 2236–2243.
42. Suzuki E, Fujiwara T, Takao S, Subramanian S, Yamamoto E, et al. (2010)
Multi-level, cross-sectional study of workplace social capital and smoking among
Japanese employees. BMC Public Health 10: 489.
43. Oksanen T, Kouvonen A, Vahtera J, Virtanen M, Kivimäki M (2010)
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