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Abstract
Purpose The objective of this study was to explore income
differences in the prevalence of moderate-to-severe hyperten-
sion, and among patients, in the use and costs of medicines.
Methods Personal income was used to classify ≥25-year-old
population in quintiles (QI–QV). Patients (N=497,560) with
moderate-to-severe hypertension were identified using special
refund entitlements. Medicine use and costs derived from pre-
scription register. Direct standardisation and multivariate re-
gression were used to adjust for demographics and
comorbidities.
Results Low incomewas associated with higher prevalence of
moderate-to-severe hypertension (overall 13 %). After
adjusting for age, gender, residence, diabetes and coronary
heart disease, nearly all patients purchased at least one antihy-
pertensive medicine (93 vs. 96 % in QI and QV). Differences
in the purchased quantities were small (mean estimates 1028
vs. 1054 defined daily doses (DDDs)/patient/year in QIVand
QI). High-income patients were more likely to use angiotensin
receptor blockers (37 vs. 54 % in QI and QV). Low-income
patients were more likely to use beta-blockers (59 vs. 49 %,
respectively) and ACE inhibitors (35 vs. 28 %, respectively).
Higher income was associated with higher annual out-of-

pocket costs (mean €66 vs. €71 in QI and QV) and reimburse-
ments (€144 vs. €163, respectively).
Conclusions Use of more expensive medicines contributed to
higher costs among patients with higher incomes.
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Introduction

High blood pressure is the leading risk factor for the global
burden of disease [1]. Hypertension leads to myocardial in-
farction, stroke, renal failure, and death if not detected early
and treated appropriately [2]. In Finland, a low level of edu-
cation is associated with increased risk of hypertension [3].
Coronary heart disease (CHD) is the leading cause of socio-
economic differences in mortality [4, 5]. Although evidence is
scarce, socioeconomic differences have also been described in
medicine use. Studies from Finland and from other countries
suggest that patients with higher socioeconomic position are
more likely to use lipid-lowering medicines [6–11]. Among
Finnish CHD patients, upon discharge from the hospital after
a myocardial infarction event, beta-blockers and antiplatelet
agents were prescribed less often to patients with low socio-
economic position than to patients with high socioeconomic
position [12]. However, no socioeconomic differences were
found in the overall use of beta-blockers, angiotensin-
converting enzyme (ACE) inhibitors and angiotensin receptor
blockers among CHD patients [6, 13].

According to current national and international guidelines,
antihypertensive treatment can be initiated and maintained
(alone or in combinations) with diuretic, calcium channel
blocker, ACE inhibitor, or angiotensin receptor blocker, all
of which have yielded comparable effects on overall mortality
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and cardiovascular, cerebrovascular, and kidney outcomes.
Under specific conditions, each class can be preferential.
Beta-blockers are generally no longer recommended for the
initial treatment of hypertension due to their slight inferiority
in, e.g. preventing stroke [2, 14–16]. A Finnish study sug-
gested of relative overuse of beta-blockers and of poor control
of blood pressure in 2006. However, changes in use patterns
between 2000 and 2006 suggested compliance to guidelines.
It was also noted that ACE inhibitors were being replaced by
increasingly marketed angiotensin receptor blockers [17].

International research has shown that prescribing can be
influenced irrespective of medical reasons by, e.g. patients’
socio-economic factors, prescriber and healthcare practice
characteristics and marketing [18–23]. In the context of limit-
ed resources, this may have negative implications as regard
equality and efficiency. Finnish Current Care Guideline of the
management of hypertension states that the cost of the treat-
ment should be one of the selection criteria for treatment [14].
However, there are no national recommendations based on
cost-effectiveness. International comparisons suggest that
Finnish patients pay a higher share of their medicines out-of-
pocket and have a less equitable access to general practitioners
(GP) and specialists than in many other high-income countries
[24–26]. Patients with moderate-to-severe hypertension are,
however, entitled to higher reimbursements for antihyperten-
sive medicines. It is not known whether the costs of medicine
(for the patient/public payer), the patient’s ability to pay (for
medicines and/or for the treatment) or the sector (public/pri-
vate) where the patient is treated, or other non-medical rea-
sons, lead to socioeconomic differences in the types of anti-
hypertensive medicines used in Finland.

The first objective of this study was to explore the preva-
lence of moderate-to-severe hypertension in the Finnish adult
population by income. The second objective was to explore,
among patients with moderate-to-severe hypertension, the
patterns of use and costs of different types of antihypertensive
medicines.

Material and methods

Data

Data included all Finnish residents aged 25 and older with
permanent residence in Finland at the beginning and at the
end of the year 2011. Data were previously combined from
several administrative register sources [27]. Demographic var-
iables (age, gender and residence) originated from the Popu-
lation Register. Residence was classified into three classes
(urban/semi-urban/rural) based on the degree of urbanisation
of the municipality. Income data were retrieved from the Finn-
ish Tax Administration. Annual personal taxable income was
used to divide the ≥25-year-old population into quintiles.

Taxable income consists of earned income, capital income
and income transfers.

Special refund entitlements based on moderate-to-severe
hypertension and important comorbidities (coronary heart dis-
ease (CHD) and diabetes) were linked from the Kela Special
Refund Entitlement Register ([28], see ESM 1 Supplementary
document for context and setting).

Data on medicine use and costs were retrieved from the
Kela Nationwide Prescription Register, which contains data
on all reimbursed purchases of medicines [28, 29]. Included
were all purchases used in the treatment of moderate-to-severe
hypertension within anatomical therapeutic chemical (ATC
[30]) classes listed by the Finnish Current Care Guideline
[14] (hereafter: antihypertensive medicines): Diuretics C03,
beta-blockers C07 (BBs), calcium-channel inhibitors C08
(CCBs), angiotensin-converting enzyme inhibitors C09A
(ACEIs) and angiotensin-II receptor blockers C09C (ARBs).
All purchases were classified and treated in the analyses at
ATC level 2/3. Purchases of combination products within clas-
ses C09B (ACEIs, combinations) and C09D (ARBs, combi-
nations) were reclassified into the respective classes based on
active ingredients. The annually purchased quantity of medi-
cines was calculated using units of defined daily doses
(DDDs) [31]. Cost data contained total costs, reimbursements
and out-of-pocket costs (see ESM 1 Supplementary document
for context and setting).

Statistical analyses

First, the prevalence of moderate-to-severe hypertension was
assessed in the population. The proportion (%) of patients
with special refund entitlement based on moderate-to-severe
hypertension was calculated using the ≥25-year-old popula-
tion as the denominator. The proportions were stratified by
income quintile. Direct standardisation was used to adjust
for age, gender and residence, since there were substantial
differences in the age structures and other characteristics be-
tween income groups. The total ≥25-year-old population was
used as the standard population.

Second, income disparities in different medicines used
(0/1) and the quantities purchased (DDDs) were assessed
among patients with moderate-to-severe hypertension. In both
analyses, patients’ age, gender and residence were controlled
for in addition to important comorbidities (diabetes and CHD)
to demonstrate whether income disparities would persist after
controlling for other characteristics. When analysing the total
number of DDDs (classes of medicines combined), the distri-
bution of different classes of medicines used was also adjusted
for, since DDDs do not necessarily reflect therapeutically
equivalent doses of different medicines. The large number of
adjusted variables resulted in too small cell sizes, and a direct
standardisation method could not be applied. Consequently,
the adjusted figures were calculated as population marginal
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means (i.e. least square means [32]) derived from generalised
linear models. In contrast to direct standardisation, the inter-
action of variables was not taken into account to avoid too few
degrees of freedom. This was seen as an insignificant loss.

Use of medicine (any medicine and different classes of
medicine) was adjusted based on coefficients from logistic
regression. The DDDs were adjusted based on a generalised
linear model with an identity link function and the assumption
of gamma-distributed response. This was observed to fit best
according to the residual plots. Each class of medicine was
modelled separately. For the use of medicine, the standard
population was set to all patients entitled to the special refund
based on moderate-to-severe hypertension. For the DDDs, the
standard population contained all patients having purchased
the particular class of medicine. The 95 % confidence inter-
vals of adjusted figures were calculated based on Student’s t
distribution. The intervals were only calculated for adjusted
proportions, and DDDs as the unadjusted figures were based
on total population and did not contain uncertainty.

Unadjusted mean out-of-pocket costs, reimbursements and
total costs for antihypertensive medicines were calculated for
patients with moderate-to-severe hypertension who had pur-
chases during the study year. Costs were stratified by income,
age and gender. Costs could not be assessed by class of med-
icine because of the high share of combination products. Ad-
ditionally, costs adjusted by class of medicine were calculated,
to assess whether differences between income quintiles were
caused by differences in the prices or quantities of purchased
medicines.

Statistical analyses were performed using SAS software
version 9.2/9.3 (SAS Institute Inc., Cary, NC).

Results

The ≥25-year-old general population consisted of 3.8 million
people among whom 497,560 (13 %) had moderate-to-severe
hypertension. Of these patients, 53 % were female and 47 %
were male (Table 1). Female patients were on average older
than male patients (70 vs. 65 years). When compared with
general ≥25-year-old population, patients were on average
older (68 vs. 53 years); they were less likely to live in an urban
area (59 vs. 67 %) and more likely to have CHD (14 vs. 5 %)
or diabetes (24 vs. 6 %). The gender distribution was similar
among patients and general population.

The unadjusted prevalence of moderate-to-severe hyper-
tension was highest, 21 %, in the second lowest income quin-
tile and lowest, 7 %, in the highest income quintile (Fig. 1).
After adjusting for age, gender and residence, the differences
between income quintiles became smaller (Fig. 1).

Among all patients with moderate-to-severe hypertension,
94 % had purchased at least one antihypertensive medicine
(Fig. 2a). The proportion of patients with purchases was larger

in high-income quintiles than in low-income quintiles (96 %
in the highest quintile vs. 93 % in the lowest quintile, adjusted
by demographics and comorbidities). Overall, the most com-
monly used classes of medicines were diuretics (56 %) and
beta-blockers (55 %). Beta-blockers and ACE inhibitors were
more commonly used by low-income than high-income pa-
tients; angiotensin receptor blockers were more commonly
used by high-income than low-income patients. Within these
classes of medicines, all differences between income quintiles
were statistically significant. For diuretics and calcium-
channel inhibitors, differences between income quintiles were
small. Due to the large number of observations, statistically
significant differences were also observed within these
classes.

The average number of different classes of medicines used
was 2.3 in all income quintiles (unadjusted). Among patients
with purchases, the mean quantity of medicines bought was
1039 DDDs/person/year (Fig. 2b). After adjusting for demo-
graphics, comorbidities and distribution of different classes of
medicines, the purchased quantity was higher in the two low-
est income quintiles than in the three highest. The largest
difference in the adjusted number of DDDs was 1.03-fold,
between quintiles I and IV. When each class of medicines
was examined separately, low-income patients had higher
mean DDDs for diuretics, beta-blockers and calcium-
channel inhibitors; whereas, they had lower mean DDDs for
angiotensin receptor blockers when compared to patients with
higher incomes. No consistent income differences were ob-
served for the quantity of ACE inhibitors purchased. The larg-
est observed within-class difference in the number of DDDs
was a 1.2-fold difference for diuretics between the lowest and
highest income quintiles.

Patients paid on average €67 for antihypertensive medi-
cines in 2011. The mean reimbursement was €149 per patient.
Thus, total costs were €216 per patient on average. Annual
costs tended to increase with increasing income (Fig. 3). Av-
erage overall costs were €24 (1.11-fold) higher, reimburse-
ments were €19 (1.13-fold) higher and out-of-pocket costs
were €5 (1.08-fold) higher in the highest income quintile
when compared with the lowest. According to the additional
analyses adjusted by the amounts of medicine from different
classes, nearly all income differences in costs disappeared
(data not shown). Differences in costs between income quin-
tiles were thus mainly caused by using different classes of
medicines.

Discussion

According to this study, the prevalence of moderate-to-severe
hypertension was more common among low-income than
among high-income people. Income differences were mostly,
but not entirely, explained by the different demographic
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structures of the income quintiles. Nearly all patients, regard-
less of income, purchased antihypertensive medicines during
the studied year. Purchased quantities were also similar across
income groups. The most commonly used classes of antihy-
pertensive medicines were diuretics and beta-blockers. How-
ever, the use of angiotensin receptor blockers was more com-
mon among people in higher-income quintiles; whereas, the
use of ACE inhibitors and beta-blockers was more common
among people in lower-income quintiles, even after adjusting
for demographic characteristics and comorbidities. Differ-
ences in the types of medicines used contributed to higher
out-of-pocket costs, reimbursements and total costs among
higher-income patients.

Low socioeconomic position is one of the risk factors for
non-adherence [33, 34]. In Finland, cost-related barriers to
care and prescription medicines have been found to be com-
mon among respondents with low income and/or poor health
[35]. In the present study, the proportion of diagnosed patients
who purchased at least one antihypertensive medicine during
2011 was very high, over 90 % in all income groups. The
proportion of patients without purchases includes those who
no longer need medication due to changes in their clinical
status and people who do not adhere to their treatment. A
slightly lower proportion in the lowest income group may be
related to using personal income (please see BStrengths and
limitations^ section).

When examined by class of medicine, angiotensin receptor
blockers were more commonly used by high-income than
low-income patients. Conversely, beta-blockers and ACE in-
hibitors weremore commonly used among patients with lower
income than among patients with higher income. Although the
Finnish clinical guideline states no preference of one medicine
over another, cost of treatment is mentioned as one selection
criterion [14]. Angiotensin receptor blockers were the newest
and most expensive among examined options [36]. Earlier
studies from Sweden have found similar patterns with antihy-
pertensive medicines; angiotensin receptor blockers were
more commonly used by highly educated than less educated
males although the association between education and use of
other classes of antihypertensive medicines was reversed [37];
in Skåne region, high-income patients were more likely than
low-income patients to initiate treatment with angiotensin re-
ceptor blockers instead of ACE inhibitors [38]. More general-
ly, increased use of newly marketed medicines has been found
to be associated with higher socioeconomic position [20, 21].
Also in a Dutch study, GPs who reported frequent use of
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prevalence of moderate-to-severe hypertension in the Finnish population
aged 25 years and older, by income

Table 1 Characteristics of
patients with moderate-to-severe
hypertension by income

Income quintile

All I (low) II III IV V (high)

Number 497,560 116,223 161,677 97,866 66,019 55,775

Age 25–54 14 % 9 % 5 % 14 % 29 % 32 %

55–64 26 % 19 % 19 % 29 % 38 % 41 %

65–74 29 % 24 % 36 % 34 % 21 % 18 %

75+ 31 % 49 % 40 % 22 % 12 % 9 %

Gender Male 47 % 30 % 42 % 52 % 58 % 74 %

Female 53 % 70 % 58 % 48 % 42 % 26 %

Residence Urban 59 % 45 % 59 % 65 % 66 % 72 %

Semi-urban 18 % 21 % 19 % 17 % 17 % 14 %

Rural 22 % 33 % 22 % 18 % 18 % 14 %

Co-morbidity Diabetes 24 % 27 % 26 % 24 % 20 % 19 %

CHD 14 % 17 % 17 % 13 % 9 % 8 %

CHD coronary heart disease
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commercial information sources were more likely to prescribe
angiotensin receptor blockers routinely in preference to other

antihypertensives [39]. Swedish GPs working in the public
sector were more adherent to cost-containing treatment
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Fig. 2 Use of antihypertensive medicines among patients with moderate-
to-severe hypertension, by income and by medicine class. a Unadjusted
and adjusted proportions of patients who purchased at least one
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options than hospital specialists and private practitioners [21,
40, 41].

The quantity of purchased medicines and the number of
different classes of medicines used were relatively similar
across income groups, although differences between income
groups reached statistical significance due to the large number
of observations. The use of diuretics in large doses in the
treatment of renal diseases may have contributed to larger
variation in the number of DDDs in this class. Small yet con-
sistent income-related differences were found in the costs of
antihypertensive medicines. Higher-income patients paid
higher out-of-pocket costs and received higher reimburse-
ments. These differences were mainly caused by prices of
medicines and thus seem to be due to higher-income people
being prescribed more expensive medicines.

No evident disparities were thus observed in the overall use
of antihypertensivemedicines among diagnosed patients, after
controlling for demographic factors and comorbidities. Based
on inequity in utilisation of health care services, it is, however,
possible that income differences persist in the prevalence of
undiagnosed moderate-to-severe hypertension [26, 42]. Fur-
thermore, results from the present study suggest that patients’
socioeconomic background has an influence on the type of
medicine prescribed, which may also lead to increased costs
for the public payer. Further research is needed to confirm the
observed trends and to explain the reasons behind them.

Strengths and limitations

The strengths of this study were that the used data
encompassed the entire Finnish population instead of a sample
and, due to the explicit criteria for special refund entitlements,
it was also possible to examine a comprehensive population of
patients with clinically diagnosed moderate-to-severe hyper-
tension. In addition, combination products were examined as
separate active ingredients which allowed calculating unbi-
ased prevalence for different types of antihypertensive medi-
cines used.

However, several limitations need to be noted. Only pa-
tients with a reimbursement entitlement based on moderate-
to-severe hypertensionwere included. Therefore, the results of
the present study should not be generalised to all patients with
elevated blood pressure. The total number of people in Fin-
land who purchased antihypertensive medicines was approx-
imately 1 million, twice as high as the number of people who
were eligible for higher reimbursements [14]. A difference of
similar size was observed in Finland in a comparison of sur-
vey and register data [43]. Based on the survey health 2011,
where a nationally representative sample of people were ex-
amined clinically, 53 % of all Finnish men aged 30 years and
older and 46 % of women had elevated blood pressure (140/
90 mmHg or more) or used antihypertensive medicines [44].
The prevalence of high blood pressure (160/95 mmHg) was

14.6 % for men and 11.9 % for women (age-adjusted). These
results are close to the prevalence of moderate-to-severe hy-
pertension in the present study (13 %).

It must also be noted that the determinant of income used in
this study consisted of personal taxable income, which does
not take into account income of other household members, or
the number of family members, property and possible tax-free
social benefits (e.g. social assistance). However, most social
benefits (pensions, student benefits, sickness allowance, pa-
rental allowance) and capital income are included. An earlier
comparison of the proportion of reimbursement recipients (for
anymedicines) by income quintiles resulted in roughly similar
findings regardless of whether personal income or equivalent
household income was used, especially after adjusting for age,
gender and area of residence [27]. Nevertheless, the differ-
ences between income quintiles were slightly narrower when
household income was used. It is therefore possible that using
household incomewould have led to slightly narrower income
differences, but it is unlikely that the trends would have en-
tirely disappeared or changed direction. Also, the proportion
of reimbursement recipients was disproportionately lower in
the lowest quintile when personal income was used. This was
presumably because institutionalised people and people who
in reality lived mostly abroad, had no taxable income and
received no reimbursements, and could not be excluded from
the data.

Furthermore, there are several other possible reasons be-
hind differences in prescribing patterns that we were not able
to include in our analyses. These include other comorbidities
as well as patient’s, prescriber’s and practice’s characteristics
[18–23].

Conclusions

Prevalence of moderate-to-severe hypertension was
higher among people with lower income, but income
differences were mostly explained by the different de-
mographic structures between income quintiles. Overall
use of antihypertensive medicines among patients was
similar across income quintiles. Angiotensin receptor
blockers were more commonly used by patients within
higher-income quintiles, beta-blockers and ACE inhibi-
tors by patients in lower-income quintiles. Using differ-
ent types of antihypertensive medicines contributed to
higher out-of-pocket costs and reimbursements among
patients with higher income.
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