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Abstract

Background: Cross-sectional studies revealed that risk factor exposure increases with age but after
reaching its peak decreases. This decline may be attributed to higher mortality among exposed indi-
viduals, lifestyle, or natural physiological changes related to age. Only prospective observations at the
individual level provide credible insights of exposure during the transition from middle to old age.
This study addresses changes in cardiovascular risk factors among older urban residents in Poland
over an 18-year period.

Methods: The study analyzed data from the Polish arm of the Health, Alcohol and Psychosocial factors
In Eastern Europe (HAPIEE) project, a prospective cohort study investigating cardiovascular disease
determinants. The sample included 312 participants (46—-69 years). Data on demographic character-
istics, blood lipids, blood pressure, body mass index (BMI), fasting glucose, and smoking status were
collected at baseline and during re-examination.

Results: The analysis yielded a decrease in diastolic blood pressure, total cholesterol, LDL-choles-
terol, and non-HDL cholesterol concentrations. Howevey, BMI and fasting glucose levels increased.
The decrease in blood pressure was mainly attributed to treatment effects, while the reduction in lipid
concentrations was observed regardless of treatment. In addition, smoking prevalence decreased over
the course of 18 years.

Conclusions: The results of the prospective nearly 20 year observation at the individual level confirm
findings from repeated cross-sectional studies on decrease in lipid concentrations, blood pressure and
prevalence of smoking in older individuals. (Cardiol ] 2024; 31, 5: 690-698)
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Introduction

A substantial reduction in cardiovascular dis-
ease (CVD) mortality is possible mainly by reduc-
ing exposure to major risk factors in a population
which contributes to a decrease of the incidence.
In Poland, there was a dynamic decline in mortality
due to the diseases of circulatory system after 1991
which slowed down after 1999 and a large increase
was observed from 2020 which reflected the 2™ and
consecutive waves of the COVID-19 pandemic[1, 2].
The results of IMPACT modeling for Poland in-
dicated that the 54% reduction in coronary heart
disease mortality observed in Poland between 1991
and 2005 could be attributed to favorable changes
in exposure to major risk factors [3].

Later, repeated cross-sectional studies of Pol-
ish population samples showed not only a lack of
beneficial changes in exposure to risk factors in the
last decades, but even some unfavorable changes
have been noted. A significant increase in the
prevalence of hypertension (from 36% to 43%) was
confirmed in WOBASZ studies. The frequency of
obesity increased from 22% to 26% and at the same
time a proportion of low physically active people
increased from 52% to 55%. The WOBASZ studies
confirmed the overtime increase in the frequency
of diabetes and showed that the prevalence of fast-
ing glucose > 7mmoL/L increased from 9% to 18%.
There was no significant growth in the prevalence
of dyslipidemia, which affects nearly 70% of the
adult population and there was some reduction in
the frequency of smoking (31% to 25%) [4-10].

Data from a United States (US) population of
adults also showed no significant improvement in
the prevalence of major risk factors. In the serial
cross-sectional survey study, conducted between
1999 and 2018, the increase in mean body mass
index (BMI) was reported from 28.0 kg/m’ to
29.8 kg/m’®, mean glycated hemoglobin A increased
from 5.4% to 5.7%, and no overtime change in mean
systolic blood pressure was observed. On the other
hand, mean serum total cholesterol was reduced
from 203.3 mg/dL to 188.5 mg/dL and smoking
prevalence decreased from 24.8% to 18.1% [11].
In the prospective study from China, changes in
the prevalence of individual CVD risk factors over
7 years were insignificant, but overtime increase in
10-year risk of atherosclerotic CVD was observed
in 30% of participants while the decrease was found
only in 6% of individuals [12].

Polish cross-sectional studies which involved
a national sample yielded that the exposure to risk
factors increased with age and after reaching a peak

in upper middle age or early old age decreases.
Smoking rates peak at age 45-54 years both in
men and in women and in the older age groups
fall to about 16% in men and 3% in women in the
age group 75-84 years [8]. Hypercholesterolemia
peaks at age 45-54 years and then levels in men
and peaks at age 55-64 years and decreases then
after in women [13]. Obesity and overweight peak
at age 55-79 years in men and at age 65-75 years in
women [5]; hypertension peaks at age 70-79 years
in both sexes [4] and diabetes at age 65-74 years [14].
One explanation of the decline of the prevalence of
risk factors is an effect of greater mortality of the
exposed individuals in comparison to not-exposed
but, even the differences in the age of reaching
the peak of exposure between risk factors (smok-
ing and hypercholesterolemia peak approximately
a decade before obesity, hypertension and diabetes)
suggest that there are other reasons of the decline
which might include changes in the lifestyle,
chronic diseases, treatment received or natural
physiological changes which reflect ageing. An
investigation of changes in the exposure to risk
factors which are not related to mortality require
prospective observations at the individual level
which cover the period of the passing from middle
to old age [15].

The aim of the present study was to assess
the changes in blood lipids, blood pressure, body
mass index, fasting glucose and smoking in 18-year
follow-up of older urban residents.

Methods

Studied sample

The studied group consisted of participants
of the Polish arm of the HAPIEE (Health, Alcohol
and Psychosocial factors In Eastern Europe) project,
which was a prospective cohort study aimed to
investigate determinants of cardiovascular disease
(CVD) and other chronic conditions in Central and
Eastern Europe. Detailed descriptions of the study
design and methods have been published elsewhere
[16]. Brief information, relevant for this paper is
given below. A random sample of 10,728 men and
women aged 45-69 years old, stratified by gender
and 5-year age groups, was selected from Krakow
population register. The baseline examination was
carried out between 2002 and 2005; response rate
was 61% [16]. The HAPIEE study was approved by
ethics committees at University College London
and at the Jagiellonian University Medical College.
All participants gave written informed consent.
For the purpose of this paper, data was collected in
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two time points: at baseline and at re-examination
carried out between December 2019 and March
2020. The re-examination was planned to include
the entire Polish HAPIEE cohort but was inter-
rupted by the COVID-19 pandemic outbreak, when
464 participants were interviewed (participation
rate 49%).

Current analysis included 312 participants for
whom data from the interview and measurements
of blood lipids, blood pressure and body weight and
height from both examinations (at baseline and in
re-examination) were available.

Data

The same data collection methods were used
both at baseline and in re-examination. Participants
were first visited at home by trained nurses to com-
plete a standardised questionnaire which included
questions about health, health behaviours and so-
cioeconomic characteristics. Then, all participants
were invited to a clinic for anthropometric and
blood pressure measurements and blood collection
for biochemical tests.

A standardised questionnaire was used to
obtain data on age, sex, education (primary/second-
ary/university), smoking status (current/former/
never), perceived health (very good/good/average/
poor/very poor). Participants were asked about
medical history of diagnosis of hypertension, dia-
betes and hypercholesterolemia, and in those with
positive answers, the information about the use of
pharmacological treatment was collected.

The information on treatment for hyper-
tension, hypercholesterolemia or diabetes was
obtained based on the answers to the questions
whether participant was taking drugs for lowering
blood pressure, lowering blood cholesterol or blood
glucose (yes/no) in people who had previously been
diagnosed by the doctor as having hypertension,
hypercholesterolemia, or diabetes.

Blood pressure was measured in a sitting posi-
tion on the right arm, after at least a 5-minute rest,
three times at 2-minute intervals using an Omron
MBb5-I digital blood pressure monitor. In the analysis,
the average of the last two measurements of systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) were used. Body weight and height were
measured in a standing position with no shoes and
without outer garments. Based on anthropometric
measurements body mass index (BMI, kg/m?®)
was calculated. Venous blood was collected using
vacuum tubes from participants after overnight
fasting. Blood was stored at +4°C and centrifuged
within 4 hours of the venepuncture. The analyses

were carried out on the same day. Blood lipids
were determined by the automated enzymatic
colorimetric method. Low-density lipoprotein cho-
lesterol was calculated by the Friedewald formula.
Non-HDL was calculated as the difference between
total cholesterol and HDL cholesterol. Glucose
concentration in plasma was assessed using the
enzymatic method.

Statistical analysis

Continuous variables were presented as means
with standard deviations (SD). The Shapiro-Wilk
test was used to test the normal distribution of vari-
ables. Categorical variables were reported as num-
bers and percentages. Changes in numerical and
categorical variables were assessed using paired
t-test and McNemar-Bowker test, respectively.
The ANCOVA for repeating measurements was
used to take into account the influence of covariates
(age, sex, BMI, educational level, smoking status
and perceived health) The analysis was performed
with stratification by medication use (hypertension,
hypercholesterolemia and diabetes as appropriate).
Statistical analyses were performed using IBM
Corp. Released 2021. IBM SPSS Statistics for
Windows, Version 28.0. Armonk, NY: IBM Corp.
P-values< 0.05 were accepted as statistically
significant.

Results

The sample included 312 participants between
46 and 69 years of age at baseline. The distribu-
tions of age, gender, education, perceived health,
and smoking are shown in Table 1. There were 154
(49.4%) men, and 128 (41.0%) participants with
university education. Almost half of the sample
(46.5%) had good or very good perceived health,
and approximately 28% (86) were current smokers.

Participants included in the analysis were
younger (55 years, SD = 6.3 vs. 58 years, SD = 7.0),
better educated (41% vs. 28% with university
education) and healthier (46.5% vs. 35.2%, with
good or very good perceived health) compared to
non-responders. However, there was no statisti-
cally significant difference in prevalent myocardial
infarction, stroke and gender distribution (49% men
vs. 49% men) (Suppl. Table S1).

The distribution of smoking status at baseline
and at the re-examination is presented in Table 2.
Over 70% of the participants declared the same
smoking status at both phases of the study, how-
ever, there was a significant change in smoking
status observed. There were 38 (12%) people who
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Table 1. Distribution of age, sex, perceived
health and smoking status at baseline

Age, mean (SD) 55 (6.3)
Sex — male, n (%) 154 (49.4%)
Education, n (%)

Primary 61 (19.6%)
Secondary 123 (39.4%)
University 128 (41.0%)
Perceived health, n (%)

Very good 14 (4.5%)
Good 131 (42.0%)
Average 140 (44.9%)
Poor 25 (8.0%)
Very poor 2 (0.6%)
Smoking status, n (%)

Current 86 (27.7%)
Former 116 (37.2%)
Never 109 (35.1%)

stopped smoking, and they constituted the larg-
est group of those who changed smoking status.
There was no significant change in perceived health
between baseline and re-examination (Suppl.
Table S2).

Changes in blood pressure, BMI, blood lipids,
and glucose concentration in the entire sample are
presented in Table 3. There was a lower mean DBP
observed at the re-examination, compared to the
baseline (mean difference: 2.6 mmHg); however,
the significant change was found only in SBP. There
were significant decreases in blood lipids concen-
trations: by 0.98 mmol/L in total cholesterol, 0.97
mmol/L in LDL-cholesterol, and by 0.99 mmol/L
in non-HDL cholesterol. No significant changes in
HDL-cholesterol or triglyceride (TG) levels were
observed. An increase in mean BMI by 1.2 kg/
m’ was found. Also, there were higher mean glu-
cose concentrations in re-examination compared
to baseline (5.8 mmol/L vs. 5.1 mmol/L). After
adjusting for age, sex, education level, smoking

status, and perceived health, the direction and
magnitude of significant differences remained
almost unchanged.

In the Table 4, there are presented mean
values of blood pressure, blood lipids, and glucose
concentrations in participants who were treated for
hypertension, hypercholesterolemia and diabetes,
respectively, presented separately for baseline and
the re-examination. In the re-examination, the
number of participants treated for hypertension
more than doubled, those treated for hypercholes-
terolemia increased by 2.5 times, and number of
people treated for diabetes increased by 5 times.
Participants treated for these conditions in re-
examination had lower mean values of SBP, DBP,
total cholesterol, LDL-cholesterol and non-HDL
cholesterol than participants treated in baseline.
Concentration of fasting glucose was higher in
participants treated for diabetes in re-examination.

The right section of the Table 4 shows a com-
parison of mean values of blood pressure, blood
lipids, and glucose concentrations in participants
treated for hypertension, hypercholesterolemia and
diabetes, respectively in both phases of the study.
After adjusting for covariates, among participants
continuing treatment for hypertension in both
phases of the study a significant decrease in SBP
and DBP, by approximately 9 mmHg was observed
and in participants treated for hypercholester-
olemia in both phases of the study a significant
decrease in total cholesterol, LDL-cholesterol and
non-HDL cholesterol were found by 1.69 mmol/L,
1.6 mmol/L and 1.67 mmol/L, respectively. Ad-
justed difference for fasting glucose was impossible
to estimate due to the small number of participants.

By analogy with Table 4, the results for par-
ticipants not treated for the conditions mentioned
above are presented in Table 5. The number of
untreated participants declined substantially over
time. In participants declaring no treatment for
hypertension in baseline and re-examination mean
SBP and DBP were within normal blood pressure
limits. In participants not using medication for
hypercholesterolemia, mean TC, LDL-choles-
terol and non-HDL-cholesterol were lower in

Table 2. Smoking status at baseline and re-examination

Smoking status

Smoking status at re-examination

at baseline Current Former Never

Current 40 (12.9%) 38 (12.2%) 8 (2.6%) < 0.001
Former 12 (3.9%) 77 (24.8%) 27 (8.7%)

Never 1(0.3%) 3(1.0%) 105 (33.8%)
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P

95% CI
(5.417; 10.857) < 0.001

A

P
< 0.001 8.137

mean (SD)

No treatment at baseline and re-examination
130.2 (14.82)

Adjusted difference*
(re-examination — baseline)

mean (SD)

N

mean (SD)

Not treated
baseline
re-examination

at re-examination
141 130.09 (14.77) 133 122.0 (12.42)

N

mean (SD)

Not treated
at baseline

N
228 128.2 (16.43)

Systolic blood pressure [mmHg]

treat-
ment
for:
Hyperten-

No

Table 5. Difference in mean blood pressure, blood lipids and fasting glucose concentrations between re-examination and baseline in participants

without treatment for hypertension, hypercholesterolemia and diabetes
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SSSsS © S re-examination. A higher concentration of
1o} .
222g E 32 fasting glucose by 0.54 mmol/L was found
V V V V © v 1n re-examination among participants not
so0Q RS treated for diabetes. After adjusting for age,
PR EN-N gender, education, smoking and perceived
o .« .
6"‘; ‘_' élr‘ % 5 & & health, participants who had not been treated
N R for hypertension throughout the study period
=959 2¢< had a significant increase in mean SBP and
© o © © DBP by 8 mmHg and 3.7 mmHg, respectively.
°S®IT®mSYI Beneficial changes in the lipid profile were
© 9P o observed; significant decreases in concentra-
5555 ., N5 tions of total cholesterol, LDL-cholesterol
sS383¢983 andnon-HDL by 0.37 mmol/L, 0.41 mmol/L and
V V V V e v 0.38 mmol/L were found. Participants not
T RRces S treated for diabetes experienced significant
) o . . . .
© 85325 X increases in fasting glucose concentration.
@ < S o o o o
SY52838 Discussi
CEE e iscussion
socomaa = The current study suggests that over
o BRI BIA 18 years, blood pressure and cholesterol
N o o % = o o concentration decreased in the studied group
REuwawea while BMI and glucose concentration in-
creased, independently of age, sex, education,
M I & & I < 0 . . .
R S S smoking and perceived health. The reduction
in mean blood pressure was driven mainly
58y gs@v by the effect of treatment. Decrease in blood
© =~ S =S S 9o lipid concentration was observed regardless
“33 8588 of the treatment, but the reduction in treated
© o N @ = o patients was more pronounced.
— B @ B ® @ @ The present findings are consistent with
- - - - < A other studies assessing trajectories of long-
£ . . .
& = = = — =~ = § term patterns of cardiovascular disease risk
O N NN O 5 . .
g @ @ e e gz inpopulation-based cohort study. It found
g % that in all trajectory groups, unfavorable
< Y N ¥ Y of increasing in fasting glucose, but favorable
o © MW ¥ - < 525 L. . .
v  raising in HDL and decreasing smoking and
L8338 § ; total cholesterol happened over time. It has
N N N N N N 2 . .
_ g been observed that the medium-medium
2 _ @ and high-high risk groups had a significantly
igher CVD incidence than the low-low risk
£ = £ . . .
o S = E = =2 [17]. A systematic review on the associa-
- 0 = - = 0 . . . .
2 E2=-g= 2s ton between trajectories of risk factors and
o c S o ° € e . . .
S E EFEEES risk of cardiovascular disease confirmed the
.g' °© 5 & 5 E 98 increased CVDrisk with an increasing trajec-
O = A — .
3 5 2 % 28 § 3 tory of blood pressure and worse diabetes
< sS4 2 % 5%  control [18].
S5 5IG622¢ Observed beneficial changes in exposure
8 23 53 2 @< tocigarette smoking reflects trends observed
S g across the Europe [8, 19], where reduction
L » & 1n smoking among older adults was found.
soo £ 2  The increase of BMI in the present study is
5 209 E ® ¢ inline with age-related changes observed in
@ LT oo a <  body composition of older ages which include
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a progressive increase in fat mass and a decline in
lean mass [20]. However, overweight and obesity
in seniors were not significantly associated with
deterioration of physical and cognitive function or
with increased mortality [21]. Thus, the observed
increase in BMI in the current study does not
necessarily have to be considered undoubtedly
negative as more and more often it is raised that
the optimum range of BMI levels for older adults
is higher than the range recommended by WHO
for adults [22, 23].

The observation of increased fasting glucose
concentrations which were found both in the whole
sample and in the strata by diabetes treatment
are consistent with the latest global data. The
prevalence of 24% among older adults in 2021 is
predicted to increase substantially by 2045. In Po-
land, the percentage of people with diabetes is also
increasing, and in older age groups the observed
increase was the largest (18% to 27%) [14, 24].

In the present study, the decrease in mean
systolic blood pressure in treated individuals is large
and varies between 8.8 mmHg and 9.75 mmHg.
This may indicate some increase in the effec-
tiveness of blood pressure control in the elderly
population. According to the data of the PolSen-
ior2 study great progress has been made in the
control of hypertension in people aged 60 and
over. In the age group from 60 to over 90 years
of age, systolic and diastolic blood pressures
were significantly reduced. However, the pro-
portion of successfully treated seniors is still
below expectations [25]. As could be expected,
based on the literature, the knowledge about the
increase in blood pressure with age, people who
did not declare that they were treated for hyper-
tension, an increase in mean blood pressure was
observed. However, the mean blood pressure in
this group was at the level of high normal blood
pressure which is in line with the observations on
improvement of the detection of hypertension in
elderly populations [4, 20].

In the present analysis, beneficial changes
in blood lipid concentration were observed. The
changes were substantial, significant and stable,
regardless of the covariates included or the strati-
fication applied. Given the significant changes in
the availability and use of lipid-lowering drugs
(ezetimibe, PCSK9 inhibitors) and the increas-
ingly restrictive targets of lipid-lowering treat-
ment in recent years, beneficial changes in the
lipid profile of the population, including its oldest
populations could be expected. However, the fact
that improvement was observed not only in treated

participants may indicate that some beneficial
changes in lifestyle or other spontaneous changes
in the population could explain the finding. Data
from the Framingham Heart Study on the longi-
tudinal trajectories of cholesterol concentration
from midlife to later life also showed a decrease in
total cholesterol concentration with age, observed
regardless of the treatment. The authors pointed
to genetic factors, which might additionally affect
changes in diet, body composition and physical
activity observed over the course of life [26].

There are several limitations in the interpreta-
tion of the results presented that should be consid-
ered. The participation rate in baseline examination
achieved 60% and it is known that the examination in-
cluded a healthier part of the general population [27].
In the later stages of the study, all participants
diagnosed with health-threatening conditions, in-
cluding exposure to risk factors, were instructed
to contact a physician. Finally, the present analysis
included only the participants who survived and
participated in the study for almost two decades
after the baseline observation. In consequence,
the studied group, although selected from the
general population, is not fully representative for
the general population. However, to understand the
difference between participants who took part in
the study and those who did not, a finding that
the participants examined were a little younger,
healthier and better educated might be impor-
tant. Fact that the analysis was performed on the
healthier part of the sample might have led to an
underestimation of the exposure. However, we
do not present data on prevalence, awareness or
control of risk factors which are more sensitive
to the effect of earlier participation in the study,
than the values of objective measurements.
Due to the restrictions related to the pandemic,
a relatively small group of people was examined.
However, it was a random subsample of the par-
ticipants of the study, and despite being relatively
small, its size assured enough statistical power to
show significant relationships.

There are however some strengths of the
study that should be emphasized. Changes in risk
factors in the general population of older adults,
not patients, were assessed. According to available
research, this is the first Polish study that assessed
changes in risk factors over such a long period of
observation in the same study participants and was
related to the period of passing from the middle to
old age. The longitudinal study design allowed us
to estimate real within-individual age-related
change in CVD risk factors. The same tightly
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controlled research procedures were used in
both studies to minimize systematic error. The
influence of confounders was taken into account
in the analysis.

Conclusions

In conclusion, the results of this prospective
study, after nearly 20 years of observation at the
individual level, confirm findings from repeated
cross-sectional studies on decrease in lipid concen-
trations, blood pressure and prevalence of smoking
in older individuals.
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