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Abstract 

Background: Screening represents an important tool to improve detection of cardiovascular risk factors. Uni-
form standards for screening programs and for evaluation of their effectiveness are still lacking. Material and 
methods: The results of the Polish 400 Cities Project (P400CP) were analyzed by age and gender, and with re-
gard to the prevalence and awareness of cardiovascular risk factors. The P400CP population were volunteers re-
porting for screening tests in small towns, and a representative sample was used as control. Results: Mean age 
in the screening group was 10 years more than in the representative sample. Two thirds of participants were wo-
men. First-time diagnosis rates for elevated arterial blood pressure, hyperglycemia and hypercholesterolemia in 
the screening were 28%, 15% and 51%, respectively. Almost 40% of participants reported previously diagnosed 
hypertension (vs. 25% of the control sample), 7% vs 4% reported diabetes and 16% vs 9% - hypercholesterole-
mia. Smokers represented 16.5% of participants (36% of the control sample). Conclusions: “Open” screening 
programs fail in targeting young adults, especially males, and people reporting for screening are often already 
diagnosed with arterial hypertension and/or diabetes. Despite these limitations, “open” screening is effective 
in detecting undiagnosed cases of hypercholesterolemia. Non-smokers report for screening tests more often.
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Introduction 

Over the past dozen years or so, a decrease in 
cardiovascular mortality was recorded in Poland. Ho-
wever, cardiovascular diseases still remain the main 
cause of mortality, including premature mortality, 
especially among males [1-4]. The results of epide-
miology studies indicate several concurrent reasons 
for this situation: wide prevalence and low detection 
rates of cardiovascular risk factors and also a disparity 
between highly-urbanized regions and small-town or 
rural communities in Poland [5-6]. Therefore, regional 
and/or national prevention programs have been laun-
ched, with screening for cardiovascular risk factors as 
their main component [7-10]. Polish recommenda-
tions (based to a large extent on European guidelines) 
define criteria such as scope, frequency and target 
group, but they do not determine all the aspects of 
screening programs [11-13]. In 2003-2008, under the 
National POLKARD Program, the Polish 400 Cities Pro-
ject (P400CP) was carried out, including a screening 
study [9, 14].

 The objective of this article is to provide an as-
sessment to what extent screening programs targe-
ting adult residents of small towns in Poland may be 
effective in improving the detection of cardiovascular 
risk factors. To attain this objective, the results of the 
P400CP were analyzed, including the age and gender 
structure as well as the prevalence and awareness of 
selected cardiovascular risk factors. These analyses 
were carried out both for the population of volunte-
ers reporting for screening tests and for the control 
sample (a sample representative for the population of 
small towns).

Methods

Design and execution of the screening study

The P400CP activities were carried out in 319 tow-
ns with population below 8000 residents. The project 
was preceded by an extensive information campaign. 
Because of the project design (including extensive 
educational activities and a promotional campaign), 
and because Poland is lacking an established standard 
concerning the manner in which people are recruited 
for screening, a decision was made to take an “open” 
approach, whereby any adult visiting a medical center 
could volunteer to participate in screening. The infor-
mation campaign was based on articles published in 
the press and online (town council websites), broad-
casts on local radio and television, posters and leaflets 
[9, 14]. Moreover, every household received informa-

tion in the mail [9, 14]. The materials promoting the 
program emphasized that screening was targeted to 
those who had not been diagnosed with the disorders 
before, and the campaign carried a message about 
men being the group specifically at risk of prematurely 
developing cardiovascular conditions. Consequently, 
men should take particular care to have any risk fac-
tors detected early.

The screening took place at established medical 
centers/local outpatient clinics and was carried out by 
trained nurses. Over five consecutive days the follo-
wing tests were performed: a questionnaire interview, 
anthropometric measurements, two arterial blood 
pressure readings and strip tests for blood glucose and 
blood cholesterol. In the afternoons, additional blood 
pressure readings were taken from those with newly 
detected elevated values.

The representative survey

The sample in the representative survey included 
1278 men and women, aged 19-75, who lived in 85 
towns randomly selected out of the pool of 319 tow-
ns included in the P400CP screening project. In order 
to ensure a representative group of subjects, both 
male and female, within the age range of 19-75 years, 
a two-tiered sample selection process was applied. 
Stratified and proportional sampling procedure was 
used. Territorial layers in all the 16 provinces (woje-
wództwa) were created, where two classes of towns 
were specified: towns below 4000 residents and tow-
ns with 4000-8000 residents. Each territorial layer was 
then divided into demographic strata – four age cate-
gories for women and men aged 19-30, 31-45, 46-60, 
and 61-75 years. The number of interviews carried out 
in each demographic stratum was proportional to the 
size of the population represented by that stratum in 
its territorial layer. Individual respondents were drawn 
by the Ministry of Internal Affairs and Administration. 
The sampling frame was the central PESEL database 
(National Electronic System of Population Records).

The representative survey was carried out before 
the start of the information campaign for the project. 
Blood pressure readings were taken in a manner iden-
tical to that used later in the screening. Blood pressure 
was measured during two separate visits. The results 
were analyzed using the outcomes of two readings ta-
ken during the first visit, the same as in the screening. 
In the questionnaire interview, responses to a speci-
fic group of questions provided the data for analysis 
regarding risk factor awareness. No cholesterol or 
blood glucose readings were taken in the represen-
tative survey (according to the original study design 
assumptions for the Polish 400 Cities Project).



Table 1. Age and gender structure of the sample in the representative survey, number of subjects; (figures in brackets 
indicate percentages of men and women in each age group)

Age group (years) women men total women and men

19-30
157

(52.1)
144

(47.9) 301

31-45 209
(55.4)

168
(44.6)

377

46-60 203
(55.9)

160
(44.1)

363

61-75 141
(59.4)

96
(40.6)

237

Statistical analyses were produced using the SAS 
System for Windows Release 8.02. Simple associations 
were assessed with frequency tables and Pearson’s 
chi-squared tests for two independent proportions. 
Means and medians were calculated to summarize 
continuous effects and were compared by t-tests.

Results

Age and gender structure

In total, 92385 people reported for the screening 
tests (61318 female and 31067 male subjects). Of 
those screened, 7.3% were people older than 75. 
This means a group of 6,754 people (4748 women 
and 2006 men) who, according to the study desi-

gn, were not included in further analyses since they 
exceeded the upper age limit of the representative 
survey. The representative survey included in total 
1278 subjects (710 women and 568 men). Mean age 
of subjects in the screening study was 55.3 (SD 12.1), 
vs. 44.4 (SD 15.7), in the representative survey (p 
< 0,01). Women accounted for 66.1% of screening 
study participants, vs. 55.3% in the representative 
sample. Tables 1 and 2 show the age and gender 
structure for the representative sample and for the 
group of screening test participants. 

The largest group among the volunteers in the 
P400CP screening were women aged 46-60 (26.7% 
of all participants), followed by women aged 61-75 
(23.1%). The smallest volunteer group were men 
aged 19-30 (1.1%). Men aged 31-45 accounted for 
5.6% of volunteers. Percentages of the screening 

Table 2. Age and gender structure of volunteers in the screening study, number of subjects; (figures in brackets indicate 
percentages of men and women in each age group)

Age group (years) women men total women and men

19-30
1,928
(65.0)

1,038
(35.0) 2,966

31-45 8,908
(62.9)

5,254
(37.1)

14,162

46-60 24,394
(65.8)

12,680
(34.2)

37,074

61-75 21,340
(67.9)

10,089
(32.1)

31,429
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study participants in all the groups defined by age 
and gender differed significantly from those obta-
ined in the representative sample (Table 3).

Awareness of arterial hypertension, diabe-
tes and hypercholesterolemia

Of the participants in the screening study 39.6% 
declared previously diagnosed hypertension, vs. 
24.8% of respondents in the representative survey 
(p < 0.001). Over 7% of screening study partici-
pants declared previously diagnosed diabetes, 
compared to ~4% in the representative survey, (p 
< 0.001). Whereas 16.3% of screening test partici-
pants had been already diagnosed with hypercho-
lesterolemia (19% in the representative survey, not 
statistically significant). Table 4 shows the data 
split by gender.

The analysis of the awareness of existing risk 
factors by age groups (19-30, 31-45, 46-60 and 61-
75) did not reveal any statistically significant diffe-
rences between the population of volunteers in the 
screening and the control sample. This suggests that 
higher awareness of existing (already diagnosed) hy-
pertension, diabetes and hypercholesterolemia may 
be linked to the fact that the age distribution in the 
group of volunteers was generally skewed towards 
the older age groups.

Prevalence of newly detected conditions of eleva-
ted blood pressure, hyperglycemia and hyperchole-
sterolemia.

In the screening study elevated blood pressure at 
the first visit (≥ 140/90 mmHg) was detected in over 
28% of the volunteers who did not declare an earlier 
diagnosis of hypertension. Whereas in the represen-
tative sample previously undiagnosed elevated blood 

pressure was reported 
in 25.3%. Two-thirds of 
the volunteers in the 
screening study who 
were diagnosed with 
raised blood pressure 
for the first time in the-
ir life reported for the 
second visit (control vi-
sit) in order to confirm 
the  hypertension dia-
gnosis. Hyperglycemia (≥ 
100mg%) was detected 
in over 15% of screening 
study participants who 
had not been earlier dia-
gnosed with diabetes. 

BTable 4. Awareness of existing (already diagnosed) risk factors in the surveyed groups (data in percentages)

women men

   age
volunteers
(screening)

representative 
sample

volunteers
(screening)

representative 
sample

19-75 Already diagnosed 
with arterial hypertension

42.3 26.7* 34.5 23.0*

Already diagnosed 
with diabetes

7.1 4.6* 7.4 3.1*

Already diagnosed with 
hypercholesterolemia

18.1 22,7* 12.9 14.7

Table 3.  Structure of participants, split by age and gender (in percentages)

Age group Screening study Representative sample

women men women men

19-30 2.1 1.1 12.1* 11.2*

31-45 9.6 5.6 16.3* 13.1*

46-60 26.7 13.7 15.7* 12.4*

61-75 23.1 10.8 10.9* 7.5*

*p < 0.05 vs. volunteers in the screening study

*p < 0.05 vs. volunteers in the screening study



Table 5 shows the prevalence of newly-diagnosed 
carbohydrate metabolism disorders in the group of 
screening study participants. An increased level of 
cholesterol (≥ 190 mg/dl) was detected in over 51% of 
screening study participants unaware of the condition. 
Data on the prevalence of newly detected risk factors, 
split by gender, are shown in Table 5.

Prevalence of cigarette smoking

36% of respondents in the representative sample 
were smokers, compared to 16.5% in the screening 
study population (p < 0.05). The statistically significant 
difference exists for men and women alike, and it is 
also valid across all age groups (Table 6).

Discussion

Many prevention programs targeting cardiovascu-
lar diseases were carried out in Poland over a period of 
the past decade, but their principal component (and 
quite often the only one) tended to be a screening 
study. Data collected for the Council of the POLKARD 
Program reveal that in the years 2004-2005 alone the-
re were 704 screening study programs carried out in 
Poland, with a total of over 740 thousand participants 
[15]. The same data indicate that that there are no 
uniform standards concerning this type of activities. 
The screening programs differed with regard to the 
scope of tests, their target groups, or methods used 
to invite people to participate. 

Table 5. Prevalence of newly detected risk factors in the surveyed groups (data in percentages) 

women men

   age
volunteers
(screening)

representative 
sample

volunteers
(screening)

representative 
sample

19-75 Newly-detected 
hypertension

25.1 17.9* 34.4 34.2

Newly-detected 
hyperglycemia

13.0 ‒ 20.0 ‒

Newly-detected 
hypercholesterolemia

51.7 ‒ 50.6 ‒

* p < 0.05 vs. volunteers

Table 6. Prevalence of tobacco smoking in the surveyed groups. (Data shown in percentages)

Age group women men

volunteers representative sample volunteers representative sample

19-75 13.2 27.0* 22.9 47.2*

19-30 14.5 25.6* 23.4 47.5*

31-45 20.0 29.8* 29.3 51.1*

46-60 17.8 38.3* 26.6 49.3*

61-75 4.1 9.2* 14.8 37.5*

* p < 0.05 vs. volunteers

61The effectiveness of screening for major cardiovascular risk factors...



62 Eur J Transl Clin Med 2021;4(1):57-64

In the P400CP study the screening tests were pre-
ceded by a public awareness campaign in the media 
[16-19]. The campaign provided information about 
the objective of the study and explained who should 
participate in the tests (emphasis was placed on those 
who had not been diagnosed before and on men of 
working age). On the other hand, it should be empha-
sized that the screening study had an “open” design. 
Consequently, any person who received information 
about the tests and wished to participate was eligi-
ble. Due to this recruitment method, men accounted 
for only one third of participants, and in the group of 
young males (< 45 years of age) for only 7%; where-
as the data obtained from the representative sample 
indicate that this could have not been caused by the 
actual demographic structure of the small town popu-
lation. It seems that in order to redress the gender im-
balance in screening programs addressed to both men 
and women, these programs would need an extensive 
support of psychology and sociology experts.

The mean age of participants in the screening study 
was 10 years above the mean age in the control (repre-
sentative) sample. This might, to a certain extent, re-
sult from the fact that the test hours for taking blood 
pressure, fasting glycemia and cholesterolemia readin-
gs were scheduled for mornings (for obvious reasons), 
This schedule could have been inconvenient for those 
participants who were employed, despite the fact that 
screening points in many towns were open on a Saturday 
as well. When planning and organizing future screening 
programs, this issue must be taken into account.

An analysis of hypertension-related data indi-
cates that as much as 40% of screening test partici-
pants declared a condition which had been diagnosed 
before. Including these subjects in screening tests 
is somewhat contradictory to the core concept of 
screening, even though their participation allows dra-
wing conclusions about hypertension control in the 
population. After all, collecting hypertension control 
data should not be the objective of screening tests. 
On the other hand, the results of the control survey 
indicated that as much as a quarter of the represen-
tative small-town population were unaware of their 
hypertensive condition, which gives a well-founded 
rationale for widely designed screening in the target 
population. In the screening study the proportion of 
subjects diagnosed with elevated blood pressure for 
the first time in their lives reached almost 30% of par-
ticipants. These people were invited for a second visit, 
to confirm the diagnosis [20-21]. However, only two 
thirds of this group took the opportunity of a second 
visit. This is an indicator of the need to develop tools 
that would effectively motivate patients to complete 

the full diagnostic process. When carbohydrate meta-
bolism disorders are analyzed, conclusions similar to 
those valid for arterial hypertension may be drawn.

The age difference between the screening study 
population and the representative sample resulted in 
a much higher awareness of existing hypertension or 
diabetes in the former group. This does not apply to 
hypercholesterolemia, for which no statistically signifi-
cant differences were detected between the groups. If 
we analyze the female population only, the awareness 
of hypercholesterolemia was more often declared in 
the representative sample. This seems to be a result 
of a generally very low awareness of hypercholeste-
rolemia, despite the fact that this condition is the risk 
factor with the highest prevalence [5]. While only 16% 
of participants in the screening study declared previo-
usly diagnosed hypercholesterolemia, the condition 
was diagnosed for the first time in over half of the 
screened group. This, in turn, indicates that an “open” 
design of the screening study provides the most effec-
tive format when screening for hypercholesterolemia 
in the small-town population.

Interesting results were obtained with regard to 
the prevalence of cigarette smoking. In the represen-
tative survey the proportion of male smokers in small 
towns exceeds 47%, whereas in the screening study 
smoking was much less prevalent, among both men 
and women and across all age groups. We may hypo-
thesize that non-smoking and taking part in screening 
tests are both an expression of a health-conscious at-
titude, and this the reason why non smokers are over-
represented in the screening. Therefore, anti-nicotine 
activities in small towns should be primarily based on 
measures extending beyond screening, such as social 
campaigns and education.

To conclude, it should be emphasized that, despi-
te their limitations, screening programs are effective 
in improving the detection of risk factors. In the gro-
up of over 90 thousand participating volunteers, the 
screening study revealed many previously undiagno-
sed cases of raised blood pressure, carbohydrate me-
tabolism disorders and, specifically, hypercholesterole-
mia. On the other hand, the “open” design of screening 
does not fully accomplish the assumed objective of 
reaching the hard-to-include group, i.e men under 45. 
This should be taken into consideration when planning 
future cardiovascular prevention programs.

Conclusions

“Open” screening programs do not ensure adequ-
ate access to the sub-population of young adults, 
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especially males aged up to 45, despite social campa-
igns addressed specifically to this group, whereas tho-
se who willingly participate in “open” screening tests 
are older people, often already diagnosed with arte-
rial hypertension and diabetes. However, regardless of 
these limitations, “open” screening tests are a useful 
tool, as they help to identify many newly detected ca-
ses of hypercholesterolemia – a widespread condition 
of which awareness is low. A similar situation, even 
though to a lesser extent, occurs also in the case of 
hypertension. People reporting for screening tests are 
more often non-smokers, whereas prevalence of smo-
king in the control population is much higher, especial-
ly among men. This, in turn, points out that there is a 
specific need to develop methods of effective anti-to-
bacco intervention in small towns in Poland.
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