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Abstract

Introduction: Hypertension may cause target organ damage leading to
hypertensive heart disease (HHD). The burden caused by HHD in Poland has
not been studied systematically. The purpose of this study was to describe
the burden of HHD in Poland in terms of prevalence, mortality, disability-
adjusted life years lost (DALY) and key risk factors.

Material and methods: Data were obtained from the Global Burden of Dis-
eases, Injuries and Risk Factors (GBD) Study database. The GBD uses a wide
range of data sources and complex statistical methods to estimate disease
burden for all countries by age, sex, and year. HHD was defined by ICD-9
codes 402-402.91 and ICD-10 codes 111-111.9. From the GBD 2016 estimates,
we extracted data for Poland between 1990 and 2016.

Results: Hypertensive heart disease is the fourth most important cause
of cardio- and cerebrovascular death, after ischemic heart disease, stroke
and cardiomyopathy. In 2016, there were about 180 000 people diagnosed
with HHD in Poland and close to 5000 HHD-related deaths. HHD prevalence
increased from 0.29% in 1990 to 0.47% in 2016 and was higher in women,
while mortality increased from 11.2 to 12.7 per 100 000, largely due to popu-
lation aging. Age-standardized death and DALY rates declined between 1990
and 2016 and were lower than in Central Europe but higher than in Western
Europe.

Conclusions: Our data suggest a need for national initiatives to improve the
diagnosis and treatment of hypertension, slow the progression of HHD, and
reduce the related risks and premature deaths.

Key words: hypertensive heart disease, Global Burden of Disease Study,
prevalence, mortality, disability-adjusted life years lost.

Introduction

Approximately 32% of the adult Polish population, or 10.5 million peo-
ple, have hypertension and in only 26% of them is blood pressure ade-
quately controlled [1]. Hypertension, especially long-lasting and poorly con-
trolled, is the leading risk factor for premature death and disability [2-5].
These adverse outcomes are mainly driven by acute and late conse-
quences of high blood pressure that lead to damage of the target organs,
such as arterial blood vessels, heart, and kidneys [6-8].

The prevalence of cardiac damage caused by hypertension varies
across age, gender, and ethnicity [6, 7]. Cardiac complications caused by
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hypertension include a wide range of asymptoma-
tic and symptomatic disease stages. A frequent
sign of early cardiac damage is left ventricular
hypertrophy (LVH), which is commonly diagnosed
either by conventional electrocardiography or
echocardiography-derived, sex-specific indices of
left ventricular mass. Advanced cardiac damage is
often associated with overt heart failure, ischemic
heart disease, and atrial fibrillation.

One of the potential consequences of increas-
ed blood pressure is hypertensive heart disease
(HHD). To date, information on the burden of HHD
in the population is scarce. The purpose of this
study was to provide data on the prevalence of
HHD as well as mortality and disability-adjusted
life years lost (DALY) due to HHD in Poland in the
last 25 years. To this end, we extracted and ana-
lyzed data from the Global Burden of Disease, In-
juries and Risk Factors (GBD) Study 2016 [9].

Material and methods

The GBD study is the largest systematic ap-
proach to describe the global distribution and
causes of a wide spectrum of major diseases, inju-
ries, and health risk factors for 195 countries and
territories [9]. It uses health data collected from
vital records registries, censuses, health surveys,
demographic surveillance, administrative reports,
scientific research, and other sources. The data
are then fed into algorithm that generate disease
burden estimates. The results are regularly updat-
ed with new data to improve the accuracy of past
estimates [10, 11]. The GBD database provides ac-
cess to a complete set of age, national and sub-
national, and gender-specific estimates of burden
across a wide range of causes.

In the GBD 2016 study, ICD-10 and ICD-9 codes
were used in the extraction of vital registration,
hospital and physician visit data and mapped to
the 2016 GBD causes of death and non-fatal dis-
ease sequelae. Hypertensive heart disease was
mapped to the following codes: 111-111.9 (ICD-10)
and 402-402.91 (ICD-9) [10, 11]. Death rates by
age, gender, year, and location were estimated
using complex statistical procedures known as
ensemble modeling, described in detail elsewhere
[11, 12]. Prevalence estimates were based on the
frequency of heart failure and the estimated attri-
bution of heart failure to six different etiologies,
including HHD, obtained from the literature and
physician claims data in the US [10]. Prevalence
was modeled with DisMod-MR 2.1, a Bayesian
meta-regression tool developed specifically for the
GBD study that ensures consistency of epidemio-
logical parameters for the conditions studied [10,
12]. A range of additional analytical techniques
were applied to correct for biases and inconsisten-
cies in the data, as described in the GBD publica-

tions [6—12]. DALYs were calculated as the sum of
years of life lost due to premature mortality and
years lived with disability (a measure of non-fatal
health loss); hence DALY, as a measure of overall
disease burden, expresses lost years of healthy
life [12].

From the GBD 2016 estimates, we extracted
data for Poland and obtained the prevalence, mor-
tality, and DALY rates between 1990 and 2016.
To assess the impact of aging on disease burden,
we present both all-age (non-standardized) rates
and age-standardized rates based on the GBD
standard world population. We display the trends
over time, describe the rates according to age and
gender, and provide comparative data for Central
Europe as a whole (including Poland) and West-
ern Europe. Conventional confidence intervals are
not available for GBD estimates; instead, 95%
uncertainty intervals (Ul) were generated through
computer simulation by taking 1000 draws from
the posterior distribution of each estimate, with
upper and lower bounds determined by the 2.5%
and 97.5" values of the draws [10-12].

The study utilized existing data from the GBD
2016 study and does not require ethical approval.
The GBD study complies with the Guidelines for
Accurate and Transparent Health Estimates Re-
porting (GATHER) recommendations [13].

Results

In 2016, HHD was ranked 6 out of 9 cardio- and
cerebrovascular conditions evaluated in the GBD in
terms of disease prevalence, and 4™ (out of 9) with
respect to cardio- and cerebrovascular death rates,
afterischemic heart disease, stroke, and cardiomyo-
pathy (Table 1). There were about 181 000 preva-
lent cases of HHD in Poland, equivalent to a preva-
lence rate of 469 per 100 000 (95% Ul: 389-557) or
0.47% (Table I1). Prevalence in women (0.62%) was
more than double that in men (0.30%). The higher
rate in women was partly explained by older age,
although age-standardized rates were still substan-
tially higher in women. Hypertensive heart disease
was strongly related to age in both sexes. This re-
lationship appeared stronger in women, especially
for ages 60-64 to 80-84 (Figure 1).

Between 1990 and 2016, prevalence of HHD
increased by about 60% in both men and wom-
en (Table I). This increase was almost entirely ex-
plained by population aging, as age-standardized
rates remained virtually unchanged (Figure 2). In
both sexes, the trend was relatively flat between
1990 and 2000, then showed some increase until
2005, followed by a gradual decline.

An estimated 4891 persons died from HHD in
Poland in 2016, 1783 men and 3108 women. All-
age death rates were 9.5 (7.0-17.9) per 100 000 in
men and 15.6 (10.7-35.2) in women (Table Il) and
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Table I. Ranking of major cardio- and cerebrovascular diseases according to prevalence and mortality in Poland,

2016
Disease Prevalence Mortality
Men Women Men Women

Ischemic heart disease 1 1 1 1
Stroke 3 3 2 2
Cardiomyopathy 5 5 3 3
Hypertensive heart disease 6 6 4 4
Atrial fibrillation 4 4 7 5
Peripheral artery disease 2 2 6 6
Aortic aneurysm NA NA 5 7
Rheumatic heart disease 7 7 8 8
Endocarditis 8 8 9 9

NA — not available.

Table II. Prevalence, mortality and DALY rates per 100 000 for hypertensive heart disease in Poland in 1990 and

2016 (95% uncertainty intervals)

Parameter All ages Age-standardized
1990 2016 1990 2016
Prevalence:
Men 188.8 304.4 2287 2315
(156.9-228.4) (251.7-369.5) (189.8-273.5) (190.7-277.9)
Women 289.7 623.3 321.1 335.0
(315.7-463.8) (508.9-749.2) (265.1-385.7) (275.3-400.8)
All 289.7 469.0 289.6 297.7
(239.7-345.3) (389.3-556.5) (242.0-343.9) (246.3-352.0)
Mortality:
Men 8.2 9.5 10.6 7.7
(6.2-13.7) (7.0-17.9) (8.3-18.8) (5.6-14.5)
Women 14.0 15.6 12.0 7.3
(10.0-25.5) (10.7-35.2) (8.5-22.0) (5.0-16.6)
All 11.2 12.7 11.8 7.7
(9.0-18.1) (9.7-22.6) (9.4-19.4) (5.9-13.6)
DALY:
Men 187.8 191.1 212.1 143.8
(131.0-277.2) (136.3-324.5) (154.3-320.8) (104.2-244.5)
Women 241.3 217.7 202.8 114.7
(160.7-377.3) (157.2-448.0) (134.4-313.7) (82.5-236.9)
All 215.2 204.8 2115 130.6
(168.8-293.7) (163.7-324.3) (166.7-292.9) (104.3-204.6)

DALY — disability-adjusted life years.

were exponentially related to age in both sexes
(Figure 3). Age-standardized death rates were 7.7
(5.6-14.5) in men and 7.3 (5.0-16.6) in women. In
both sexes there was a decline in age-standard-
ized death rates between 1990 and 2016; how-
ever, the decline was faster in women (39% reduc-
tion) than in men (27%).

Age-standardized DALY rates showed a decreas-
ing trend similar to mortality, with a steeper slope
for women. As a result, whereas DALYs were simi-
lar in men and women in 1990, more DALYs were
attributed to HHD in men (143.8, 104.2-244.5 per

100000) thaninwomen (114.7,82.5-236.9)in 2016
(Table I1).

Poland was ranked 8" (from lowest to highest)
among Central European countries in terms of
age-standardized HHD prevalence and 5% in terms
of age-standardized death rates (after Montene-
gro, Albania, Bosnia and the Czech Republic, data
not shown). With respect to prevalence, Poland
(0.30%, 0.25-0.35) was positioned about mid-
way between Central Europe (0.37%, 0.31-0.43)
and Western Europe (0.20%, 0.17-0.24) (Figure 4).
Death rates in Poland were slightly higher than in
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Figure 1. Prevalence of hypertensive heart disease by age and sex in Poland, 2016: A — females, B — males

Western Europe (7.7, 5.9-13.6 vs. 6.8, 3.8-8.1) but
declining faster, and substantially lower than in
Central Europe (16.4, 10.1-20.9).

By definition, HHD can occur only in persons
with hypertension (100% risk factor attribution).
However, only a small fraction of persons with
hypertension develop overt HHD. The risk of HHD
is affected by other factors (Table Ill). The most
important among those is high body mass index,
with a risk factor attribution of 54% for DALYs.
Other factors that increase the risk of HHD are
alcohol consumption (30% attribution), high-sodi-
um diet (23%), and smoking (19%).

Discussion

This is the first report evaluating the epidemi-
ology and trends in HHD in Poland over the past
25 years. In 2016, HHD was the fourth most im-
portant cardio- and cerebrovascular cause of
death in Poland, after ischemic heart disease,
stroke and cardiomyopathy. Due to population
aging, the prevalence of HHD is going up. We
found prevalence to be higher in women, even
after adjusting for age. This is interesting, given
that the prevalence of hypertension is similar in
both sexes. At the same time, age-adjusted HHD
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Figure 2. All-age and age-standardized prevalence
of hypertensive heart disease in Poland, 1990-2016

mortality has been dropping faster, and is now
lower, in women. The burden of HHD in Poland is
lower than in Central Europe as a whole, but high-
er than in Western Europe. The fact that Poland’s
rank among Central European countries is better
for mortality than prevalence may suggest more
effective treatment of HHD or a tendency to report
milder cases of the condition.

In our study, as expected, the prevalence of
HHD increased steeply with age. A similar age-de-
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Figure 3. Mortality due to hypertensive heart disease by age and sex in Poland, 2016: A — females, B — males
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Table IlI. Attribution of DALYs due to hypertensive heart disease to risk factors in Poland, 2016

Parameter

Attributable DALYs per 100,000
(95% UI)

Risk factor attribution percent
(95% UI)

High blood pressure

204.8 (163.7-324.3)

100.0

High body mass index

110.6 (64.5-189.2)

54.1 (34.9-74.2)

Alcohol consumption

61.2 (41.0-96.5)

30.1 (21.6-39.0)

Diet high in sodium

45.2 (8.5-103.7)

22.5 (4.0-53.9)

Smoking

39.2 (26.8-60.5)

19.3 (13.7-23.9)

DALY — disability-adjusted life years, Ul — uncertainty intervals.

pendent increase was also seen for HHD-related
deaths and DALYs. The latter can be thought of as
an assessment of the gap between current health
status and an ideal health situation, in which the
entire population remains healthy to an advanced
age. We found that between 1990 and 2016 the
age-standardized rates of HHD-related DALYs in
Poland decreased, but remained higher than DALYs
for Western Europe, whereas all-age DALYs remain-
ed relatively stable.

In this report, we extracted and analyzed data
from the GBD study. In contrast to pooled anal-
yses of the results from epidemiological studies,
the GBD study uses available data from many
sources, and provides trends in measures of dis-
ease burden over time based on state-of-the-art
modeling methods. Such an approach may be
especially useful in quantifying the sequelae of
a broad spectrum of conditions, such as hyperten-

sion-induced HHD, the rates of which are difficult
to estimate in cross-sectional studies.

Compared to other studies, the GBD estimates
of the proportion of persons with hypertension
who are diagnosed with HHD are relatively low.
HHD encompasses conditions that range in se-
verity from asymptomatic LVH to severe heart
failure (HF). In commonly used ICD-10 coding cat-
egories, HHD is composed of two subcategories:
hypertension with HF and hypertension without
HF. In clinical practice, the latter code can be as-
signed not only to LVH, cardiomegaly or left ven-
tricular diastolic dysfunction, but also to comor-
bid ischemic heart disease, atrial fibrillation, or
other arrhythmias. Among hypertensive patients
without LVH, as many as 33% have evidence of
asymptomatic left diastolic dysfunction [11]. In
GBD, however, HHD prevalence was based on the
estimated fraction of HF attributed exclusively
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to hypertension. This may be one source of the
differences in HHD prevalence between GBD and
other studies. Another source of variation across
studies is differences in methods of diagnosing
HHD. For example, prevalence of LVH based on
electrocardiographic findings was estimated at
approximately 3% for men and 1.5% for women;
however, the rate based on echocardiographic
findings increased to 15-20% [14].

Other studies have found large differences in
the proportion of LVH among hypertensive pa-
tients across age, gender, duration of hyperten-
sion, and geographic location, with rates ranging
from 2% in Ethiopia [6], 23% in Spain [15] and
28% in Nigeria [16] to as high as 33% in Greece [7].
Similarly, the rates of hypertension-related HF vary
considerably across populations. In the Framing-
ham Study [17] and the Olmsted County Study [18],
hypertension accounted for about 25% of HF cas-
es. In the elderly population, 68% of HF cases were
attributed to hypertension [19, 20]. On the other
hand, Fox et al. [21] reported hypertension to be
the primary causal factor for HF in only 4.4% of the
incident cases of HF examined prospectively. Rela-
tively low rates of HF were found in cross-sectional
studies in newly diagnosed hypertensive patients
in Nigeria (8.8%) [16] and Greece (7%) [7].

While HHD is by definition caused by high blood
pressure, several additional factors contribute to
the HHD burden in people with hypertension [22].
Of those, smoking has been declining in the past
decade in Poland, sodium-high diet remained rel-
atively unchanged, while obesity and alcohol con-
sumption have increased. Given these trends, the
observed decline in age-standardized deaths due to
HHD is likely due to improved control of high blood
pressure. Nonetheless, further improvements are
possible, as only about one fourth of persons with
hypertension have their blood pressure under con-
trol [1]. Although better diagnosis and treatment of
hypertension are critical for reducing the burden of
HHD, additional improvements could be achieved
through reductions in obesity, smoking, sodium,
and alcohol consumption.

In conclusion, our data support the findings
from previous studies that emphasize the need
for intensive screening for early stages of hyper-
tension-related cardiac damage to prevent symp-
tomatic HHD in the elderly, where most cases
occur [23-28], and suggest a need for national
initiatives that will slow the progression of HHD in
patients with hypertension and reduce the related
risk of disability and premature death.
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