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Abstract
The aim of this narrative review is to investigate whether the current curricula of under- and 
postgraduate programs training physicians in Poland cover air pollution and to what extent. 
For this purpose, the newest versions of the official curricula of selected postgraduate specialty 
programs and medical universities’ curriculum criteria were analyzed. The investigation indicates 
that the topic of air pollution is in many cases included as an element of physicians’ education, 
but to a very limited extent and without adequate information that is essential for effectively 
communicating its health risks to future patients.

Keywords: medical education, air pollution, postgraduate, university, specialty, residency

Introduction

Air pollution is a growing concern in many parts of the world, including Europe (Kho-
menko et al., 2023; Reis et al., 2022). It has been proven to increase the incidence and 
mortality of various non-communicable and communicable diseases, including cancers, 
upper respiratory tract diseases and infections, and cardiovascular, autoimmune, and 
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neurological diseases (Sun et al., 2016; Weuve et al., 2021; Renzi et al., 2022; Karimi & 
Samadi, 2024). It therefore poses a major health threat, generating various types of ad-
ditional healthcare-related costs (Manisalidis et al., 2020).

European Context

In the European Union, it has been estimated that as many as 300,000 additional deaths 
are attributed to air pollution each year (Council of the European Union, n.d.). It is 
important to note that the European Union’s legislation for reducing air pollution plays 
a pivotal role in introducing and accelerating Poland’s measures at the national level. 
This is, for the most part, because of the strict limits on each pollutant that countries 
are expected to meet before the year 2030 (European Parliament and Council of the 
European Union, 2024). In a broader perspective, this is a part of the EU’s goal of “zero 
pollution by 2050,” which was established on the assumption that the health and eco-
nomic burden of air pollution in Europe is excessive. At the same time, new documents 
underscore the notion of clean air and the right to information about air quality as 
fundamental citizen rights.

The key new document mentioned above is the revised version of the Ambient Air 
Quality Directive (European Parliament and Council of the European Union, 2024), 
adopted in 2024. One of its goals is to reduce premature deaths due to air pollution by 
55% and achieve €121 billion in savings in healthcare, education, and socioeconomic 
costs (European Environment Agency, 2024a). One of the most important elements 
of the new directive is the revision of annual and daily maximum concentration limits 
for each pollutant and setting threshold concentrations in 1 day or 1 hour which require 
reporting and alerting the public.

For fine inhalable particles with a diameter of 2.5 micrometers and smaller (PM2.5), 
the mean annual limit has been reduced from 25 µg/m3 to 10 µg/m3. The new daily 
maximum concentration is 25 µg/m3 and 50 µg/m3 is the alert threshold. 

It is important to mention that even after these changes, the EU’s proposed limits 
are still higher than those currently recommended by the World Health Organization 
(2021). However, the limits are ambitious, considering the fact that most parts of Poland 
notoriously exceed these thresholds (European Environment Agency, 2024b). The legis-
lation is meant to be implemented into national law by the end of 2026.
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Polish context

Among all the European Union member states, Poland has been known to face danger-
ously high levels of air pollution, especially in the cities. The most recent report on air 
pollution in European cities, published by the European Environment Agency in 2024 
and based on data collected between 2022 and 2023, highlighted the fact that 6 of Eu-
rope’s 20 most polluted cities are located in Poland (based on mean annual PM2.5 con-
centration) (European Environment Agency, 2024c). These results do show some minor 
improvement in the overall state of Poland’s air quality when compared to a previous 
report presented in 2021, which indicated that 5 out of Europe’s 10 most polluted cities 
were in Poland (Tilles, 2021). The city of Nowy Sącz, located in the south of Poland, 
had the worst air quality in Europe, with a mean annual PM2.5 concentration of 27.3 
µg/m3. In the recent report, this value dropped to 24 µg/m3 and the city ranked second 
(European Environment Agency, 2024c). It is critical to note, however, that even with 
an improvement of mean annual levels, the frequent temporary exceedance of limits 
still poses a great health risk.

The sources of air pollution in Poland

Currently, the main pollutants exceeding the EU’s limits in Poland include PM2.5, PM10, 
benzoapirene and N02 (World Bank, 2019). The highest concentrations are typically 
observed during the heating season in the late afternoons (starting from 6 pm).

PM2.5 particles, because of their small size, are considered to be the most harm-
ful pollutants and are currently the biggest concern in Poland. PM2.5 emissions tend 
to peak in the winter months in large urban agglomerations and in the southern regions 
of Poland. The main source of PM2.5 is undeniably the combustion of solid fuels (and 
sometimes even domestic waste) in stoves and boilers in residential buildings for the 
purpose of heating. Traffic and industrial activity are also considered to be significant 
sources of this pollutant.

Benzo(a)pirene pollution is notably higher in comparison with other EU states, with 
some Polish agglomerations reaching five times the EU’s threshold limit value of 1 ng/
m3. Again, exceedances are observed during the winter months, especially around larger 
cities. It comes mainly from burning wood and different solid fuels in residential areas, 
as well as motor vehicles and heavy industry (World Bank, 2019).
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Health burden of air pollution in Poland

Multiple studies conducted in Poland have provided evidence of poor air quality having 
a significant impact on health (Nazar & Niedoszytko, 2022), resulting in additional hos-
pitalizations, an increased number of cardiovascular episodes, and premature deaths – all 
of which could be avoided. 

A recent study (Dąbrowiecki et al., 2025) examining the risk of hospitalization due 
to acute or chronic coronary syndrome in connection to air pollution proved that 
exposure to PM2.5, P10, and N02 was associated with a higher risk of admission due 
to ischemic heart disease. This was a large study, analyzing data from the three largest 
agglomerations in Poland over 5 years.

Higher morbidity due to cardiac episodes and air pollution in Poland was confirmed 
by Kuźma et al. (2024) in a report that analyzed the risk of STEMI and N-STEMI epi-
sodes in relation to PM2.5, NO2, and S02 levels. It was found that higher concentrations 
of these pollutants increased the risk of admission due to STEMI and N-STEMI.

A study by Holnicki et al. (2017) investigating the health burden of air pollution in the 
capital city of Poland, Warsaw, estimated that each year 2,800 deaths can be attributed 
to poor air quality (out of which 82% can be attributable to elevated PM2.5 levels and 
16% to exceeding N0x normative thresholds). The study also showed that the effects 
of air pollution on cardiovascular risk in Poland are most significant for young people, 
women, and residents of rural areas, especially socioeconomically challenged ones.

Physicians’ professional training in Poland

The process of training physicians in Poland involves two educational levels, undergrad-
uate and postgraduate professional education. The first stage requires graduating from 
a medical university after a 6-year program to obtain the title of doctor of medicine (MD). 
In order to be able to receive a full medical license, each graduate is obliged to complete 
a 13-month internship in a clinical setting and to pass the state medical exam. 

However, ending one’s professional training at this stage is often insufficient to prac-
tice clinically in a medical specialization. The vast majority of medical doctors continue 
into specialization training programs (residency), allowing them to obtain the title 
of a specialist in a given field of medicine. The length of residency programs varies greatly, 
from 4 to 8 years, and some of the programs encompass two parts: foundational training 
in a broader area of medicine (e.g. internal or pediatric medicine) and specialist training 
(e.g. pulmonology or cardiology). Some programs (e.g. hypertensiology) are only intended 
for physicians who have already completed residency in a different specialization.
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Methodology

In this narrative review, the official national law describing the teaching standards 
of medicine required in all Polish universities (Ministry of Education and Science, 2023) 
and 12 specialization training programs was reviewed to find any mentions of the topic 
of air pollution. As for the specialization programs, the 12 fields that were most appro-
priate for this type of content were selected and searched: public health, epidemiology, 
allergology (with internal medicine as a basic module), pulmonology, pediatric pulmonol-
ogy (with pediatrics as a base module), hypertensiology, cardiology, pediatric cardiology, 
otolaryngology, pediatric otolaryngology, rheumatology, and clinical toxicology. Each 
curriculum came from the official public source, the Center for Postgraduate Medical 
Education (n.d.). This institution is in charge of creating the programs. As the curricula 
tend to change quite frequently, only the newest versions were considered (published 
in 2023, in some cases updated in 2024).

Results

University curriculum

In Poland, all universities approved to teach medicine are obliged to follow the rules 
disclosed in an ordinance of the Ministry of Science and Higher Education (2023). This 
act encompasses all of the elements of the curricula, the exact scope of knowledge, and 
the specific skills required to become a doctor of medicine. This document does not 
specifically mention the term “air pollution.” However, upon analysis, there is some 
content which may (but not necessarily) indirectly refer to this issue:

The graduate has knowledge and understanding of: […] consequences of human exposure 
to chemical and physical agents and principles of prevention, […] pathogenesis of diseases, 
including genetic and environmental predisposing factors, […] epidemiological and environ-
mental predisposing factors, causes, symptoms, principles of diagnosis and treatment in the 
most common diseases in children and their complications, including […] respiratory system 
diseases and allergies. […] Epidemiological and environmental predisposing factors, causes, 
symptoms, principles of diagnosis and treatment in the most common diseases in adults and 
their complications, including […] cardiovascular diseases, respiratory diseases, […] allergies 
[as well as …] principles of health-promoting behavior.

Whereas these paragraphs could be interpreted as referring at least partially to the 
health consequences of exposure to air pollution, in reality it is uncertain and leaves 
room for individual evaluation.
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Curricula of the specialization programs 

The specialization training programs analyzed for this review differed significantly 
in terms of the amount of information about the health consequences of air pollution 
and methods of preventing it. Below, they are all discussed in turn.

1. Public health

In the 4-year specialization training for the field of public health, the topic of air pollution 
is raised directly twice, as is – more importantly – the issue of indoor air quality, which 
is often omitted from the discourse: “the importance of environmental and behavioral 
factors for the health of the population and the development of diseases: factors of the 
physical and anthropogenic environment, atmospheric and indoor air.” 

Another mention in the curriculum comes from the course called Health Determi-
nants: “environmental physical and anthropogenic determinants of health (atmospheric 
and indoor air, food, soil, water.” It should also be assumed that the several mentions 
of environmental conditions or factors at least partially also refer to the issue of diseases 
caused and mediated by air pollution and counteracting its effects: “diseases caused by 
environmental conditions,” “relationships between these diseases [non-communicable 
diseases, mainly cancers and circulatory system diseases] and risk factors, including 
environmental factors,” or “assessment of the importance of individual environmental 
factors […] in shaping the health status, including the ability to identify and eliminate 
factors harmful to health.”

During specialization training, learning about the institutions involved in monitoring 
air quality and studying its health and economic effects, such as the World Bank and 
the European Environment Agency (EEA), is also required. An integral part of training 
for the public health specialization is the specialist courses, i.e. blocks of classes devoted 
to specific, broad issues important for the field.

In addition to the aforementioned course, Health Determinants, a course called Pre-
vention and Health Promotion is also required. Importantly, it is also part of the training 
for other specializations, including epidemiology and all fields with a specialist module 
in internal medicine. One of the topics covered is “applications of health prevention 
and promotion (including recommendations, actions, methods, tools, materials, etc.) 
for practical disease/health problem control, [including] current health recommenda-
tions in the context of disease risk factors or specific diseases/health problems (e.g. air 
pollution [or] climate change).”
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2. Epidemiology

In the curriculum for epidemiology residency, apart from the aforementioned course, 
Prevention and Health Promotion, there are no direct references to the quality or pol-
lution of atmospheric or indoor air. However, the requirements repeatedly address 
the topic of environmental pollution (municipal and occupational) and quite broad 
“environmental factors,” e.g. “the importance of individual environmental and social 
factors in shaping the health status, including the ability to identify and eliminate 
factors harmful to health” or “health effects of exposure to harmful environmental 
factors, including sources and routes of exposure to harmful environmental factors.” 
The program also refers several times to institutions and programs that are key to im-
proving air quality as sources of knowledge about pollution: “sources of information 
on environmental epidemiology: a) World Health Organization programs, b) European 
Environment Agency programs.”

Likewise, in the course on “Epidemiology of non-communicable diseases with el-
ements of environmental epidemiology,” the issue of “epidemiology of conditions and 
diseases related to communal and occupational environmental pollution” is discussed. 
However, it should be noted that this is one of several topics discussed during a 5-day 
course of a residency program which lasts a total of 3 years.

3. Allergology

During the basic module on internal medicine in the specialization training in allergol-
ogy, “air pollution” appears directly only once, in the aforementioned course, Prevention 
and Health Promotion.

In the specialization module, during the course on “Prevention and treatment of al-
lergic diseases,” the list of required skills in the field of preventive measures includes 
“environmental interventions – methods of reducing exposure to allergens, reducing 
exposure to pollutants,” which, it can be assumed, concern mainly air pollution in this 
context.

4. Pulmonology

As previously mentioned, the basic module of the training includes the course Prevention 
and Health Promotion. In the specialization module, there are no direct references to air 
pollution. The program only references “industrial dust and pneumoconiosis” (as part 
of the course on occupational respiratory diseases) and “prevention of obstructive lung 
diseases” in the course on obstructive diseases.
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5. Pediatric pulmonology

The specialization program in pediatric lung diseases includes a basic module in pedi-
atrics and a specialization module in pediatric lung diseases. This is one of the pro-
grams in which many direct references to air pollution can be found. The basic module 
curriculum mentions, although indirectly, “causes of upper and lower respiratory tract 
infections,” “the influence of genetic and environmental factors on allergic diseases,” 
and “primary and secondary prevention of allergies.” The basic module also includes the 
course Prevention and Health Promotion, which has been mentioned before.

The most interesting part is certainly the scope of the specialization module program, 
in which direct mentions can be found about pollution: “the influence of air pollution 
on the condition of the respiratory system: the influence of particulate matter and vola-
tile gases on the respiratory tract, diseases related to exposure to pollution.” The ability 
to “recognize the influence of tobacco smoke and other air pollutants on children’s health” 
is also required. The test also describes “environmental factors relevant to asthma and 
other respiratory disorders, [including] the impact of passive smoking and air pollution 
on the incidence of asthma.”

This last issue is mentioned again in the same wording as a criterium for passing the 
asthma internship.

6. Pediatric cardiology

The specialization program in pediatric cardiology includes a basic module in pediatrics 
and a specialization module in pediatric cardiology. The content of the basic pediatrics 
module is the same as described above. The specialization module does not have any 
information on air pollution in its program.

7. Clinical toxicology

The clinical toxicology specialization program is based on the basic module in internal 
medicine, the content of which was discussed above. The specialization module, during 
the course on “the basics of industrial and environmental toxicology with considera-
tion of neoplastic diseases” discusses “methods of diagnosing and preventing the most 
common health hazards related to exposure to toxic factors in the environment and 
workplace.” However, this does not necessarily mean air pollution, but may rather con-
cern topics closer to health and safety at work and occupational medicine, especially 
considering the wording of the following passages: “criteria, method of determining 
and interpreting the highest permissible concentrations in the air at workplaces” and 
“neoplastic diseases related to exposure to chemical compounds and specific techno-
logical processes.”
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8. Other specializations

The subject of air pollution was only directly addressed by the programs of the remaining 
five specializations during the 5-day course called Prevention and Health Promotion 
(as described above). The specialization module does not contain any direct or indirect 
references to the quality of outdoor or indoor air. This situation concerned the special-
izations in cardiology, hypertensiology, otolaryngology, pediatric otolaryngology, and 
rheumatology.

Discussion

The above analysis indicates that the topic of air pollution seems to be discussed rarely – 
if at all – in both university and postgraduate curricula. Certainly, this can be explained 
by the fact that the primary goal of teaching at this stage is to provide information and 
skills that are intended specifically to treat diseases. Due to the amount of information 
that needs to be covered, prevention – including the prevention of diseases caused by 
air pollution – remains a lower priority.

From a practical perspective, in a healthcare system that is characterized by a shortage 
of specialists – especially those working in the public system – long waiting times for 
specialist treatment, and the consequential short consultation times per patient, inform-
ing patients about the current level of air pollution or personal protection methods may 
not, again, seem to be the ideal way to use this time.

Furthermore, one may wonder to what extent the obligation in this area should rest 
with doctors and to what extent it could be taken over by other public institutions, which 
is already happening to some extent. Some municipalities (“Program czyste powietrze – 
oddech dla Opola,” 2022) inform their residents when air pollution exceeds a certain 
level or make this information publicly available in smartphone applications, on websites, 
or near measuring devices in the vicinity of public utility buildings. Some alerts, along 
with information about recommended personal protection, are sent via text messages 
by the Government Security Center (Więckowska, 2021).

The topic of air pollution is present in Polish medical discourse, although it is the 
subject of very few studies to date. At the time of writing this review, the author has 
managed to find only two surveys checking Polish doctors’ subjective knowledge on the 
topic of air pollution. Each of the studies assessed the doctors’ knowledge of the subject 
as low (Zielonka, 2021, 2022). Pulmonologists declared sufficient knowledge of the issue 
in only 16% of cases; their knowledge was weaker than that of patients suffering from 
lung diseases and they declared checking the current level of pollution less often than 
patients (Zielonka, 2021). The second study, conducted among doctors of different spe-
cializations working in the same hospital, showed that only 5% of doctors knew the limit 
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concentrations of air pollutants and only 3% raised this topic with patients (Zielonka, 
2022). These findings indicate that it still remains a niche topic among doctors.

Increasing physicians’ awareness of air pollution could potentially bring tangible 
benefits in improving the health of the Polish population. Although air pollution itself 
does not require pharmacological treatment in patients, the exacerbation of chronic 
diseases (cardiovascular or respiratory) it causes may result in an increased demand for 
drugs (Hassan et al., 2024). Reducing exposure could therefore reduce both the health 
effects and the need for medication.

In addition, there are already studies (Hadley et al., 2018) containing forms for assess-
ing a patient’s exposure to air pollution in the clinical environment, as well as proposals 
for individual interventions to reduce exposure. 

Conclusion

The issue of air pollution does not appear directly in the requirements describing the 
medical curriculum at universities in Poland. The topic is mentioned during speciali-
zation training in selected fields of medicine, but remains scarce and probably of little 
importance to the overall training course. It should be considered whether, given the 
significant health burden resulting from exposure to air pollution in Poland, actions 
should be taken to make students and doctors more knowledgeable on this subject. This 
could reduce to some extent the negative impact of air pollution on the health of Polish 
residents.
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Abstract
Screening is crucial to preventing the health consequences associated with undiagnosed diseases. 
Electronic health records (EHRs) from primary care can be leveraged with machine learning 
(ML) techniques to create new tools for patient screening in general practice. The aim of this 
narrative review is to discuss the recent literature on the development and validation of predictive 
ML models designed for the early detection of health conditions using readily available patient 
data. The PubMed, Web of Science, Scopus, and IEEE Xplore databases were searched for studies 
published within the last five years. Twenty-one studies were found, covering a variety of health 
conditions. ML-based tools can function as independent screening tests or can enhance existing 
screening methods. Moreover, ML models can be employed to screen for conditions for which 
screening approaches have not yet been developed. However, primary care EHRs alone are not 
always a sufficient source of data for effective screening. Poor data quality can result in erroneous 
or biased predictions. Despite these limitations, the application of ML for screening has shown 
promising results, and further research in this area is warranted. 

Keywords: machine learning, primary care, screening, electronic health records
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INTRODUCTION 

Screening is a fundamental public health intervention for secondary prevention of dis-
ease. The goal of screening is to identify a condition before symptoms develop so as 
to accelerate the initiation of treatment or supportive care to either cure the condi-
tion or slow its progression (WHO Regional Office for Europe, 2020). Screening can 
be universal (population-level and high-risk-independent), targeted (population-level 
and high-risk-dependent), or opportunistic (patient-level and high-risk-independent) 
(Eriksen et al., 2021).

Primary care provides an excellent setting for administering screening, as it is a reg-
ular point of contact with the healthcare system for the general population, irrespective 
of health status. It is estimated that the primary care enrollment rate in developed coun-
tries exceeds 70% (Lin et al., 2025), with some countries, such as the UK, having nearly 
98% of the population registered in primary care (Nadarajah et al., 2023). Primary care 
encounters generate vast volumes of data that often reflect longitudinal medical history. 
This data, stored in electronic health records (EHRs), could be utilized to uncover sub-
clinical indicators of numerous health conditions, which could then be used to develop 
new digital screening tools.

Currently, machine learning (ML) is one of the leading approaches to analyzing large 
amounts of data. Hence, the aim of this narrative review is to discuss recently published 
research in this field and identify emerging trends in the use of ML to develop screening 
tools for use in primary care.

METHODS 

Search Strategy 

This work is a narrative review of the recent literature describing patient screening 
in primary care using machine learning algorithms. PubMed, Web of Science, Scopus, 
and IEEE Xplore were searched for relevant articles published between January 1, 2020 
and May 28, 2025. The following keywords were used in the search: machine learning, 
screening, and primary care. The inclusion criteria were the use of data readily available 
in primary care offices and the objective of screening, or aiding screening, for a health 
condition. Only studies written in English were considered.
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Information Extraction 

Each article was carefully reviewed to extract key information, including the authors, 
year of publication, data source, screening target, the algorithms evaluated, the best-per-
forming algorithm and its performance metrics, the total number and types of features, 
the validation method, and any non-ML comparators used. 

DISCUSSION 

Summary of Search Results 

A total of 21 studies fulfilled the inclusion criteria. They covered a range of conditions. 
Mental and behavioral disorders were the most frequently investigated (n=6), followed 
by diseases of the circulatory system (n=5), diseases of the digestive system (n=3), and 
endocrine, nutritional, and metabolic diseases (n=3).

Nine distinct algorithm classes were evaluated across all studies. The most prevalent 
model was logistic regression (LR), which was used in 15 studies. Random forest (RF) 
was the second model of choice, appearing in 14 studies. Five studies tested only one 
algorithm. Of the studies that tested more than one, four identified eXtreme Gradient 
Boosting (XGBoost) and three identified neural networks (NN) as the best-perform-
ing models. Other top performers were RF, LR, and Light Gradient Boosting Machine 
(LightGBM).

All studies employed internal validation to assess model performance, but only six 
carried out additional external validation to evaluate the generalizability. Furthermore, 
in five cases, ML performance was compared against standard screening tools.

A complete summary of the most important characteristics and findings of each study 
is presented in Table 1. The performance metrics reported in the table and throughout 
this work are the highest values achieved by the best-performing model on any validation 
set unless otherwise specified.
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Table 1: Summary of Studies on Machine Learning Models for Screening in Primary Care

Authors, 
Year, 

Country
Target Models Vali- 

dation AUC Sensitivity/
Recall Specificity PPV/

Precision NPV Accu- 
racy F1

Kimura et al., 
2025, Japan

PET 
Aβ-positivity EN, LR, SVM I LR 0.76 (0.01) 0.64 (0.03) 0.75 (0.03) 0.62 (0.03) 0.77 (0.01) 0.70 

(0.02) –

Eder et al., 
2025, 

Germany
Depression

XGB, 
XGB+LR, 

SVM
I – 0.878 0.886 – – 0.882a –

Wei et al., 
2024, China

Carotid 
Artery 
Plaques

LightGBM, 
LR, NB, MLP, 

RF, SVM, 
XGB

I 0.854 0.595 0.892 0.729 0.817 0.795 0.655

Lu et al., 
2024, Canada Prediabetes

DNN, KNN, 
LR, NB, RF, 
SVM, XGB

I 0.76 0.60 – 0.69 – 0.72 0.64

Dabbah et al., 
2024, Israel

Advanced 
Liver 

Fibrosis

LR, NN, RF, 
SVM, XGB E 0.91  

[0.88–0.97]
0.91  

[0.84–0.96]
0.76  

[0.72–0.80]
0.31  

[0.26–0.34]
0.99  

[0.98–1.00] – –

Szlejf et al., 
2023, Brazil

Cognitive 
Impairment

CatBoost, 
LightGBM, 

LR, NN, XGB
I 0.873  

[0.839–0.906] 0.316 0.969 0.298 0.972 – 0.307

Qin et al., 
2023, China MASLD DT, RF, SVM, 

XGB I 0.850  
[0.840–0.850] – – 0.795  

[0.781–0.795] –
0.801  

[0.789–
0.801]

0.795  
[0.781–
0.795]

Nadarajah et 
al., 2023, UK AF LR, RF I 0.824  

[0.814–0.834]
0.781  

[0.731–0.829]
0.731  

[0.693–0.771]
0.025  

[0.023–0.027]
0.998  

[0.998–0.998] – –

Onishchenko 
et al., 2022, 

USA
IPF PFSA + 

LightGBM E
Men 0.88 (0.07) 0.68 (0.01)

0.95
0.50 (0.01) 0.98 (0.00) – –

Women 0.94 (0.06) 0.83 (0.02) 0.38 (0.01) 0.99 (0.00) – –

Liu et al., 
2022, China Diabetes

CDKNN, 
KNN, 

LGBM, LR, 
NN, RF, SVM

I 0.697 – – – – – –

Lin et al., 
2022, China

Primary 
Aldostero-

nism
LR E 0.839  

[0.790–0.890] 0.582 0.892 0.716 0.820 0.793 –

Lee and Pak, 
2022, South 

Korea
SI; SpoA LR, RF, SVM, 

XGB I
SI 0.861 0.853 0.869 0.819 0.895 0.863 –

SPoA 0.880 0.861 0.900 0.861 0.900 0.884 –

Sekelj et al., 
2021, UK AF CoxR, LR, 

NN, RF, SVM E 0.87 0.500 0.926 0.169 0.984 – –

Bennis et al., 
2022, 

Netherlands
HF LR, RF, XGB I 0.772  

[0.759–0.785] 0.761 0.653 – – 0.655 –

Yu et al., 
2021, China

Carotid 
Atheroscle-

rosis

DT, MLP, RF, 
SVM, XGB I 0.766  

[0.754–0.769] – – 0.743 – 0.748 0.742

Souza Filho 
et al., 2021, 

Brazil
Depression

AB, CART, 
GB, KNN, 

LR, RF, SVM, 
XGB

I 0.87 (0.08) 0.90 (0.03) – 0.88 (0.04) – 0.89 
(0.03)

0.89 
(0.03)

Malhotra et 
al., 2021, UK

Pancreatic 
Cancer LR, RF I

15–60 y  
(20 mo)b 0.656 0.725 0.587 – – – –

61–99 y  
(17 mo)c 0.609 0.651 0.568 – – – –

Amit et al., 
2021, UK

Postpartum 
Depression XGB E 0.844  

[0.830–0.857]
0.764  

[0.735–0.791] 0.80 – – – –

van Mens et 
al., 2020, 

Netherlands
Suicidality RF I 0.82  

[0.78–0.86]
0.39  

[0.32–0.47]
0.98  

[0.97–0.98]
0.05  

[0.04–0.06] – 0.68a –
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Authors, 
Year, 

Country
Target Models Vali- 

dation AUC Sensitivity/
Recall Specificity PPV/

Precision NPV Accu- 
racy F1

Rosenfeld et 
al., 2020, UK

Barret’s 
Esophagus

DT, LR, NB, 
RF, SVM E 0·81 

[0·74–0·84] 0.90 0.58 0.77 0.77 0.769 0.77

Doyle et al., 
2020, UK

NTM Lung 
Disease XGB I 0.94 0.135 – 0.091 – – –

Notes: Values in parentheses ( ) are standard deviations. Values in square brackets [ ] are 95% confidence intervals. If more than one 
model was tested, the best-performing model is shown in bold. If all are bolded, the performance was similar for all models and 
specific metrics are reported for only one model. 
a Balanced accuracy; b Patients aged 15 to 60 years at 20 months before diagnosis; c Patients aged 61 to 99 years at 17 months befo-
re diagnosis. 

Abbreviations: AUC – area under receiver operating characteristic curve; PPV – positive predictive value; NPV – negative predictive 
value; PET – positron emission tomography; Aβ – amyloid beta; MASLD – metabolic dysfunction-associated steatotic liver disease; 
AF – atrial fibrillation; IPF – idiopathic pulmonary fibrosis; SI – suicidal ideation; SpoA – suicide planning and attempt; HF – heart 
failure; NTM Lung Disease – nontuberculous mycobacterial lung disease; EN – elastic net; LR – logistic regression; SVM – support 
vector machine; XGB – eXtreme Gradient Boosting; LightGBM – Light Gradient Boosting Machine; NB – naïve Bayes; RF – random 
forest; MLP – multilayer perceptron; DNN – deep neural network; KNN – K-nearest neighbors; NN – neural networks; DT – decision 
tree; PFSA – probabilistic finite automata; CDKNN – centroid-displacement-based KNN; CoxR – Cox regression; AB – adaptive boos-
ting; CART – classification and regression tree; GB – gradient boosting; I – internal; E – external.

Defining Machine Learning 

Machine learning (ML) is a subfield of artificial intelligence (AI). Notably, the prolif-
eration of natural language processing (NLP) and large language models (LLMs) has 
popularized the colloquial use of the term AI to refer to conversational chatbots. How-
ever, NLP and ML are distinct in their underlying computational methods and practical 
applications. ML refers to applying predictive algorithms to data to “learn” from existing 
patterns to solve classification or regression problems (Google Cloud, n.d.).

Standard Performance Metrics 

Assessing the real-world utility of predictive ML models relies on being able to interpret 
their performance in a clinical context. The performance of classification models can be 
evaluated with familiar metrics, such as sensitivity, specificity, positive predictive value 
(PPV), negative predictive value (NPV), and accuracy. 

In the field of ML, the four most commonly reported metrics are area under the re-
ceiver operating characteristic curve (AUC or AUROC), precision, recall, and F1 score 
(Google Developers, n.d.). AUC quantifies how well the model discriminates between 
positive and negative cases; it ranges from 0.5, indicating no discrimination, to 1, indi-
cating perfect discrimination. The other three metrics assume values between 0 (worst 
score) and 1 (best score). Recall is equivalent to sensitivity and indicates the proportion 
of positive cases identified. Precision is equivalent to the PPV and indicates the proportion 
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of correct positive predictions. The F1 score combines precision and recall, indicating 
the proportion of false positives and false negatives. 

Unfortunately, there are no universal cut-offs for these metrics that could be used 
to definitively deem a model good or bad for screening, as performance expectations 
are highly use-case-dependent. Higher values are favored. For AUC, values above 0.6, 
0.7, 0.8, and 0.9 correspond to acceptable, good, very good, and excellent performance, 
respectively (Hanna et al., 2023; White et al., 2023).

Model Validation 

Generalizability is the ability of an ML model to make useful predictions on unseen 
data. Validation is crucial in this assessment and can be internal or external (Steyerberg 
et al., 2001). Internal validation involves randomly splitting the dataset into training 
and testing subsets. A simple test-train split, cross-validation, and bootstrapping are 
commonly used internal validation methods (Steyerberg and Harrell, 2016). Internal 
validation is straightforward and should be considered the bare minimum for evaluating 
model performance. External validation uses a separate, fully independent dataset to test 
the model. Strategies for external validation include geographical validation, in which 
the validation data is obtained from different locations (i.e., clinical sites or countries), 
and temporal validation, which uses data from different time periods (Steyerberg and 
Harrell, 2016).

All studies performed internal validation and six conducted external validation. Most 
models showed sustained performance. The model for advanced fibrosis in metabolic 
dysfunction-associated steatosis liver disease (MASLD) (Dabbah et al., 2024), which 
was trained using data from tertiary care, demonstrated comparable performance when 
tested on data from primary care. This finding highlights that models do not necessarily 
need to be trained on primary care data to be useful in those settings. 

Novel Screening Tools

Perhaps the most promising application of ML for the development of screening tools 
is to target diseases for which no known screening methods exist. One such disease is 
idiopathic pulmonary fibrosis (IPF), which is characterized by an insidious onset and 
poor prognosis. A model, the zero-burden comorbidity risk score for IPF (ZCoR-IPF) 
(Onishchenko et al., 2022), was developed to predict the risk of IPF at 1 and 4 years prior 
to a formal clinical diagnosis. Comorbidity codes were used as the sole input. At 1 year, 
the model achieved an AUC of 0.88 (0.07), with moderate sensitivity at 95% specificity 
for men and 0.94 (0.06) for women with high sensitivity at 95% specificity. The NPV 
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was 0.98 (0.00) for men and 0.99 (0.00) for women. These results indicate that ZCoR-IPF 
would be a valuable tool for screening IPF in general practice.

Enhanced Screening Tools

Another application of ML for screening is improving existing screening methods. ML 
models could supplement proven screening strategies with information derived from 
primary care records. The model to screen for depression (Eder et al., 2025) – using 
a combination of 15 deliberately chosen items from the World Health Organization 
Well-Being Index (WHO-5), the Patient Health Questionnaire-9 (PHQ-9), and the World 
Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0) – achieved 
better results than the PHQ-9 alone. Another model to identify women at risk of post-
partum depression (Amit et al., 2021) based on demographics, medical history, and 
labor complications performed slightly worse on its own than the Edinburgh Postnatal 
Depression Scale (EPDS). However, incorporating the EDPS score into the model im-
proved performance over the individual components.

Fasting plasma glucose (FPG) is one of  the recommended screening modali-
ties for diabetes, but it can miss cases with incidentally normal results at the time 
of screening. To address this issue, a model for screening for diabetes (Liu et al., 
2022) that incorporates demographic and anthropometric features along with an FPG 
measurement was developed. It performed better than the model without FPG, even 
if FPG was below the diagnostic threshold, showing an ability to improve standard 
screening strategies. 

Alternative Screening Tools

In some cases, ML may be utilized to develop predictive models that could serve as an 
alternative to existing screening tools. This could be motivated by the need to deliver 
improved results, reduce reliance on specialized equipment or additional laboratory 
testing, and eliminate the need for invasive testing procedures.

In screening for advanced liver fibrosis in MASLD, the model of Dabbah et al. 
(2024) outperformed established tools such as the Fibrosis-4 Index (FIB-4) and the 
NAFLD Fibrosis Score (NFS), offering a markedly higher PPV while maintaining an 
NPV of 99% [98–100]. The Future Innovations in Novel Detection of Atrial Fibrillation 
model (FIND-AF) (Nadarajah et al., 2023) for identifying patients at risk of atrial fi-
brillation showed better performance than the C2HEST and CHA2DS2-VASc scores. 
The FIND-AF model also identified high-risk patients under 65 years old, whom these 
traditional approaches could otherwise overlook.
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A model to screen for Alzheimer’s disease (Kimura et al., 2025) by predicting the 
presence of intracerebral amyloid β plaques demonstrated moderate effectiveness at 
excluding individuals unlikely to show amyloid accumulation on positron emission to-
mography (PET), thereby limiting unnecessary scans. Two models for screening carotid 
atherosclerosis (Wei et al., 2024; Yu et al., 2021) showed that they could be used to assess 
atherosclerosis in asymptomatic adults using demographics, physical examination, and 
laboratory data. This is particularly important, given that carotid duplex sonography is 
neither economically feasible nor recommended for this population.

The prediabetes screening model of Lu et al. (2024) was built without incorporating 
any glycemia-related laboratory results, yet still managed good discriminatory perfor-
mance. However, the recall was poor, suggesting limited potential to eliminate the need 
for additional blood tests.

Barrett’s esophagus, a precursor to esophageal adenocarcinoma, is challenging 
to screen for due to its low incidence and the reliance on invasive endoscopy with bi-
opsy. A model based solely on demographic and reflux-related symptoms (Rosenfeld 
et al., 2020) showed that it could be used as a low-burden alternative to identify at-risk 
patients who may require endoscopic evaluation.

Suboptimal Results

It should be acknowledged that primary care data may sometimes be insufficient 
to train ML models that could produce clinically actionable results. A model to identify 
patients at high risk of pancreatic cancer 17 to 20 months prior to diagnosis (Malhotra 
et al., 2021) was trained using data on demographics, comorbidities, symptoms, phar-
macotherapy, and frequency of clinical encounters. Notably, no biomarkers or imaging 
results were included. The model achieved an AUC of 0.656 for patients aged 60 or 
younger at 20 months and 0.609 for patients older than 60 at 17 months before diagnosis. 
Specificity did not exceed 0.59 for either group. The authors proposed that the model 
would likely benefit from integrating biomarker assays to improve usability.

Model Limitations

One of the most frequently addressed limitations of the use of ML models in medicine is 
their explainability. This refers to the extent to which the features that most influenced 
the model’s predictions agree with the medical knowledge explaining the pathophysiol-
ogy of the target condition. Certain algorithms, such as RF, produce feature importance 
rankings that can be evaluated by healthcare professionals for clinical justifiability. 
For the algorithms that do not offer such solutions, the Shapley Additive exPlanations 
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framework (SHAP) (Lundberg & Lee, 2017) can be used to attempt to explain the model’s 
reasoning. Nearly all studies included in this review provided some analysis of feature 
importance, which should mitigate the risk of their models being dismissed by clinicians 
due to a lack of trust. 

Poor-quality primary care EHRs could also affect the reliability of ML-based screening 
tools. The quality of the data found in EHRs is not uniform due to reporting inconsist-
encies between healthcare providers (van Mens et al., 2020). On the one hand, models 
trained on datasets affected by data missingness or inadequate or erroneous reporting 
would likely not achieve satisfactory clinical results. On the other hand, incomplete patient 
records, such as when patients underreport sensitive information regarding addiction, 
education, and income level (Malhotra et al., 2021), could negatively impact the accuracy 
of predictions made by even those models that were trained on high-quality data. 

Ethical Considerations 

Models trained on narrowly defined subpopulations do not represent the general popu-
lation, which may limit their generalizability and affect the health outcomes of minority 
groups. For instance, the model used to screen for cognitive impairment (Szlejf et al., 
2023) was trained on the medical records of Brazilian government workers, who are 
more likely than the general population to have higher education. Consequently, primary 
education, as opposed to higher education, was found to be one of the most important 
predictors of cognitive impairment. This could mean that the model was biased and 
could lead to inaccurate predictions and stigmatization of patients from different social 
classes if implemented in clinical practice.

Future Research Directions

A successful deployment of ML-based screening tools in primary care practice must be 
preceded by a thorough consideration and elimination of various implementation bar-
riers. Clinical trials should be conducted not only for medical validation, but also to test 
the most appropriate approaches to seamlessly incorporate ML-based screening tools into 
the clinical workflow. Particular attention should be paid to designing solutions for the 
complete automation of the ML-based screening process to avoid placing an additional 
burden on physicians and other healthcare workers. Furthermore, surveys should be 
administered to physicians regarding their expectations of model explainability so that 
these expectations can be accounted for at the earliest stages of model development 
to ensure acceptability (Ahluwalia et al., 2025). Additionally, cost-effectiveness should 
be analyzed to justify the use of ML for screening to all stakeholders (Liu et al., 2022). 
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CONCLUSION

In conclusion, this review demonstrated that the use of ML to develop screening tools 
is a budding area of medical research. Primary care EHRs could be leveraged to enable 
screening for conditions that were previously considered medically and economically 
unfeasible to detect at scale. In addition, ML-based screening tools could replace or 
supplement existing screening strategies to improve patient outcomes and optimize re-
source utilization in primary care. The data used for model training should be carefully 
selected to prevent the incorporation of social bias into the predictions and to ensure 
equitable care for all patients. Future research should address potential implementation 
challenges at all stages of model development. 
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Abstract
The integration of traditional, complementary, and integrative medicine (TCIM) into the health-
care system is becoming an increasingly important element of healthcare policy in European 
countries. In Europe, the lack of uniform legal regulations regarding TCIM results in significant 
differences in the availability, quality, and control of these services and products. Pharmacists can 
play a special role in the process of integrating traditional and conventional medicine. This pro-
fessional group is easily accessible to patients and trained in both the safety of pharmacotherapy 
and advice on the use of herbal products. In Poland, under the Act on the Profession of Phar-
macist and the implementing acts, pharmacists have obtained additional powers in performing 
diagnostic tests and taking preventive measures. This opens up new possibilities of also using 
pharmacists to integrate elements of traditional and natural medicine into academic practice.

Keywords: traditional medicine, pharmacist, diagnostic tests, prevention

Introduction

Regular consumption of herbs with documented health-promoting properties can 
effectively support public health strategy, especially considering the growing interest 
in medicine based on natural products (Ekor, 2014). It should be noted, however, that 
the effectiveness and safety of herbal medicine depend on the dose, standardization 
of preparations, and possible interaction with synthetic drugs. Therefore, the use of tra-
ditional medicines, including herbs, although well-established in practice, should also 
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be supported by solid scientific evidence. In the case of some of these therapies, the 
evidence does not support their use – some even indicate the danger of such practices, 
which is why in traditional medicine one must be guided by only the science and safety 
of patients. The potential of herbs and the challenges related to the safety of their use is 
emphasized by the Global WHO Strategy Regarding Traditional Medicine for 2025–2034. 
This document of the World Health Organization (WHO) is a continuation of activities 
undertaken since 2002 to include TCIM in healthcare systems (WHO, 2019). The term 
TCIM is used by the WHO to refer to a wide range of healthcare practices which are 
not part of the dominant medical system of a given country. It includes both traditional 
medical systems (e.g., Chinese medicine) and supplementary and integration practices 
that are used in parallel with conventional (academic) medicine (von Schoen-Angerer 
et al., 2023). 

The WHO indicates that over 100 countries recognized the importance of TCIM, 
but the scope of regulation, integration, and scientific research remains very diverse 
(Burki, 2025). The WHO document is a strategic framework for the Member States, 
enabling them to develop national policies and legal regulations regarding traditional 
medicine. The WHO recommends that Member States adopt or update domestic policies, 
strategies, and legal frameworks regarding traditional medicine; integrate TCIM with 
national healthcare systems; and support research, education, and staff development 
in this sector (WHO, 2019).

The World Health Assembly (WHA) drew attention to the possibility of using 
traditional medicine doctors and their assistants in primary care. In many countries, 
medical professionals can contribute to the safe, effective integration of traditional 
medicine into conventional medicine. In Poland, pharmacists are of particular impor-
tance in this process. Pharmacists, due to their education and professional role in the 
healthcare system, can actively support patients who use a combination of conventional 
and traditional medicine. In the past, the role of pharmacists in Poland was limited 
to distributing medicinal products and ensuring their proper storage. However, the 
development of the concept of pharmaceutical care has significantly expanded the 
scope of pharmacists’ competences, which can now involve diagnostic and therapeu-
tic activities (Bochniarz et al., 2022). The breakthrough moment was the adoption 
of the Act of the Profession of Pharmacist (Act of 10 December 2020), which defined 
pharmaceutical care and created a legal framework for services such as drug reviews, 
health education, and disease prevention. Thanks to their knowledge of pharmacology 
and their direct contact with patients, pharmacists can educate patients in the safe 
use of traditional products and can be part of therapeutic teams in integration care 
models (Wrześiewska-Wal, et al., 2023).
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Objective

The purpose of the article is to analyze the applicable legal regulations regarding the 
extended professional competences of pharmacists and to assess their potential role 
in ensuring the safe support and education of patients using the parallel products of clas-
sical and traditional medicine. Particular emphasis was placed on identifying the legal 
instruments which enable pharmacists to join the patient care system.

Materials and methods 

The World Health Organization documents issued between 2000 and 2024 were analyzed; 
these include recommendations, strategies, guidelines, standards, reports, and the health 
policies and health regulations of selected Member States. The Polish Act on the Pro-
fession of Pharmacist, the Pharmaceutical Act, and other executive acts were analyzed. 

Integration of traditional and conventional medicine in selected 
European countries according to the WHO strategy

The Constitution of the World Health Organization provides that “the use of the 
highest achievable level of health is one of the basic rights of every person” (WHO, 
1948). The right to health requires that services and health products be available, ef-
fective, available, acceptable, and good quality for everyone, without discrimination. 
The autonomy of patients in making health decisions also involves supporting their 
conscious choices. The current WHO strategy for 2025–2030 aims to support the 
Member States in developing politicians and implementing legal regulations that will 
strengthen the role of traditional medicine in maintaining the health of the population 
(WHO, 2025). The document emphasizes that decisions regarding the use of TCIM 
should be based on the best available safety evidence and effectiveness from research 
and practice. At the same time, scientific evidence must refer to knowledge that is 
unambiguous, systematic, and repetitive and can be assessed using methodological 
standards. It was based on previous work in the field of traditional medicine for the 
years 2002–2005 and an updated strategy for 2014–2023, which defined traditional 
medicine (WHO, n.d.a). 

Pursuant to  these documents, the term traditional medicine (TM) is “the sum 
of knowledge, skills and practices based on theories, beliefs and indigenous experi-
ences for different cultures that can be explained or not, which are used to maintain 
health, as well as to prevent, diagnose, improve or treat physical and mental diseases” 
(ScienceDirect, 2025). A different term is complementary medicine. It refers to a wide 
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set of healthcare practices which are not part of their own tradition or the conventional 
medicine of a given country and are not fully integrated into its dominant healthcare 
system (WHO, n.d.b). In some countries, these terms are used interchangeably with 
TM. In the literature on the subject, we also find other terms used to describe these 
healthcare practices: “natural medicine,” “unconventional medicine,” and “holistic 
medicine.” It is important to remember that as the field evolves, the terms “complemen-
tary,” “alternative,” and “integrative” are constantly evolving. In everyday language, the 
words alternative and complementary are often used interchangeably, but the two terms 
refer to different concepts. When an alternative approach is used in conjunction with 
conventional medicine, it is considered complementary; when an alternative approach is 
used in place of conventional (academic) medicine, it is considered alternative (Trübner 
et al., 2025). Today, an integrated approach to health is predominant. Integrative health 
combines traditional, conventional, and complementary approaches in a coordinated 
manner (NCCIH, n.d.). 

According to the WHO, 170 Member States reported using traditional medicine. 
The WHO (2019) also required these countries to provide “evidence and data to de-
velop strategies, standards and regulations for its safe, profitable and fair use.” A WHO 
report (2019) shows in detail which Member States have developed national policies 
on traditional medicine or have adopted provisions on herbal medicines. According 
to this report, Polish legislation on traditional medicine includes only herbal drugs. 
The National Office for the registration of medicinal products, as well as herbs and 
homeopathic medicine, is the Office of Registration of Medicinal Products, Medical 
Devices and Biocidal Products; the National Institute of Medicines in Warsaw is 
responsible for scientific research. The legal status of herbal medicines is specified 
in Art. 20(a–b) of the Pharmaceutical Law (Act of 6 September 2001). Herbal drugs 
are classified as prescription drugs, over-the-counter drugs, and herbal medicines. 
They are sold in pharmacies and other facilities. The WHO report indicates a lack 
of data from Poland on traditional medicine, education, and health insurance prac-
tices. Based on data from the report, the integration of traditional and conventional 
medicine in Poland is quite slow. The situation in other European countries is pre-
sented in Table 1.
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Table 1: National policies and legal regulations regarding the integration of traditional 
and conventional medicine in selected European countries

Country Policy TCIM Legal regulations with commentary

Czechia None
In 2024, the TCIM Institute was established at the Ministry of Health (Institute for 
TCIM/CAM, 2025). The TCIM Working Group develops educational and profession-
al standards for practitioners in acupuncture and homeopathy.

Denmark None Dietary supplements with herbal ingredients are regulated by the Danish Medicines 
Agency and the Danish Veterinary and Food Agency (2025).

Germany Yes

TCIM is integrated into the healthcare system. Selected therapies are reimbursed: na-
turopathy, chiropractic, homeopathy, physiotherapy, balneology, medical climatology, 
and acupuncture. Physicians can obtain additional CAM qualifications after theoretical 
and practical training (Joos, 2011).

Norway Yes
A National Centre for TCIM research was established (NAFKAM, 2025). The Norwe-
gian Alternative Treatment Act regulates what is and is not considered CAM treatment 
in Norway (Act on Alternative Treatment of Disease etc., 2004).

Poland None Regulations mainly concern herbal products (Act of 6 September 2001).

Portugal None

In 2003, Act 45/2003 was approved, which regulates six professions of complementary 
therapy: acupuncture, homeopathy, osteopathy, chiropractic, naturopathy, and phyto-
therapy. The Technical Committee for TCIM has developed a structure for the accred-
itation, training, and certification of specialists in complementary therapy (dos Santos 
et al., 2020).

Switzerland Yes

TCIM is included in the constitution. Traditional medicine is regulated at the federal 
and cantonal levels. In 2009, five TCIM practices were included in the national health 
plan: homeopathy, anthroposophic medicine, herbal medicine, acupuncture, and tra-
ditional Chinese medicine. Switzerland has established federal diplomas for naturopaths 
and ayurveda practitioners, which allows them to be legally registered and practiced 
even when these therapies are not reimbursed by basic insurance (Klein, 2015).

United  
Kingdom Yes

The TCIM policy is integrated into the national health policy. There is regulation of OTC 
herbal medicines under the Traditional Herbal Medicines Regulation scheme, but there 
is limited regulation of herbal practitioners or the herbal remedies that they supply 
to patients following a one-to-one consultation (WHO, 2019).

Italy Yes

TCIM is integrated in some regions, e.g., Tuscany. Tuscany was one of the first regions 
in Italy to implement systemic solutions for the integration of traditional medicine into 
public healthcare. This consisted in recognizing methods such as phytotherapy, home-
opathy, and traditional Chinese medicine (acupuncture) as a complementary part – but 
not an alternative to – academic medicine (Belvedere, 2019). The legal basis is region-
al resolutions and implementing acts, including Regional Resolution of  Tuscany 
No. 418/2005 – which recognizes acupuncture, homeopathy, and phytotherapy as part 
of health services within the regional health service – and Resolution No. 738/2007, 
which creates a network of reference CAM units, associated with the Regional Center 
for Integrative Medicine in Pitigliano.

Source: Based on the 2019 WHO report and the literature provided in the table.

The legal regulations concerning TCIM in the European countries presented above are 
significantly diverse, both in terms of the scope of formal legal acts and the level of in-
tegration of these practices with the public healthcare system. In many countries, there 
is no TCIM policy or uniform regulatory framework. In these countries, the regulations 
focus only on selected aspects, e.g., dietary supplements, herbal medicines (Denmark 
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and Poland), or partial regulations regarding qualifications (Portugal). In Czechia, 
the TCIM Institute was established at the Ministry of Health in 2024, which may be 
a step toward systemic regulation of this field. Countries such as Germany, Switzerland, 
Norway, Great Britain, and Italy (selected regions) have extensive legal regulations that 
allow for the registration of practices and, in selected cases, reimbursement of TCIM 
services. One example is Tuscany, where regional resolutions have enabled the formal 
inclusion of selected TCIM practices in the health services offered within the regional 
healthcare system.

The role of a pharmacist in the healthcare system

Traditional medicine, understood as systems and practices based on indigenous and 
historical experiences and using natural substances and therapeutic techniques, plays an 
important role in preventive healthcare. Pharmacists in many countries take an active 
part in the prevention and promotion of health, using their position “as a link in the 
healthcare system and to increase the social prestige of the social profession” (Jahowicz 
et al., 2001). Pharmaceutical care is a key link for the healthcare system and patients. The 
concept of pharmaceutical care was created in the 1970s in the United States (McGivney 
et al., 2007). Initially, the purpose of these activities was to improve compliance with 
recommendations and detect adverse events and abuse of drugs. Currently, in many coun-
tries, pharmacists are increasingly involved in vaccination and management of chronic 
diseases. For example, in Portugal, pharmacists have been giving flu vaccination since 
2008, and currently 17 different vaccines are available in 77% of pharmacies in the country 
(Kirkdale et al., 2017). Pharmacists in Australia and Great Britain conduct educational 
programs on controlling blood pressure, glucose, and lipids and quitting smoking, 
among other things (Drovandi et al., 2019; Silvaggi et al., 2017).

In Polish law, pharmaceutical care is a health service. The applicable regulations give 
two almost identical definitions of health service (Glanowski, 2019). The first, which 
defines health services as actions aimed at preventing, preserving, saving, restoring, or 
improving health and other medical activities resulting from the treatment process or 
separate provisions regulating the principles of their performance, is in Art. 5(40) of the 
Act on Healthcare Services Financed From Public Funds) (Act of 27 August 2004). The 
second, which does not state that these are actions for prevention, is in Article 2(1)(10) 
of the Act on Medical Activity (Act of 15 April 2011). And although pharmaceutical 
care in Poland is currently not funded from public funds, it is worth noting that it is 
defined in the Act on Healthcare Services Financed From Public Funds. Prevention is 
emphasized. In the case of pharmacists, preventive measures seem key. 

From a legal perspective, extending pharmacists’ competences to include diagnos-
tic tests has enabled their active involvement in prevention. A pharmacist who wishes 
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to provide pharmaceutical care to a patient using diagnostic tests is required to undergo 
additional training on qualification courses organized by the Center for Postgraduate 
Medical Education. Additional qualifications are required to perform antigenic tests 
for SARS-COV-2, blood glucose tests, lipid panels (total, high-density, and low-density 
cholesterol and triglycerides), fast fluid detection tests, C-reactive protein concentra-
tion, group A Streptococcus antigen test, and Helicobacter pylori tests; to measure basic 
vital signs such as blood pressure, heart rate, pulse and blood saturation, body weight, 
height, and waist circumference; and to calculate Body Mass Index and waist-to-hip ratio 
(Regulation of the Minister of Health of 21 January 2022). Pharmacists, after obtaining 
appropriate qualifications, may perform activities to detect risk and health education 
factors, including cardiovascular disease, type 2 diabetes, insulin resistance, and support 
for infection diagnostics.

Table 2: Role of pharmacists in diagnostic tests 

Diagnostic examination Pharmacists’ preventive actions

Measurement of blood pressure, heart rate, and oxygen 
saturation

Early detection of hypertension, education, and referral 
to the doctor

Measurement of weight, height, and waist and hip circum-
ference; calculation of BMI and waist-to-hip ratio

Risk assessment of metabolic syndrome, type 2 diabetes, 
and cardiovascular diseases

Blood glucose test (casual glycemia/fasting) Early detection of abnormal glucose, education, and refer-
ral for further diagnostics

Lipid panel: total, high-density, and low-density cholester-
ol and triglycerides Identification of dyslipidemia and education

C-reactive protein test Assessment of the presence of inflammation and differen-
tiation between viral and bacterial infections

Fast antigenic SARS-COV-2 test Detection of infection

Antigenic test for the flu Differentiation of throat infections and referral to a doctor 
if necessary

Streptococcus Pyogenes (group A) antigen test Differentiation of throat infections and referral to a doctor 
if necessary

Serological test for Helicobacter pylori Identification of peptic ulcer risk, education, and recom-
mendation of further diagnostics

Source: Regulation of the Minister of Health of 21 January 2022 

The regulation on the diagnostic tests that can be performed by a pharmacist is a signifi-
cant step towards increasing the professional independence of this group. Enabling them 
to perform diagnostic tests directly in the pharmacy allows the pharmacist to provide 
the patient with comprehensive educational advice, including not only an interpretation 
of the results, but also recommendations on the use of herbal preparations. In practice, 
this means that a pharmacist, with the appropriate qualifications and pharmacy equip-
ment (Regulation of the Minister of Health of 30 September 2002), can perform diagnostic 
assays such as blood pressure, glycemia, lipid profile, or anthropometric indicators (BMI 
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or waist-to-hip ratio), which can identify risk factors for lifestyle diseases. On this basis, 
the pharmacist provides the patient with personalized advice on prevention and the safe 
use of herbal preparations. For example, in the case of a patient with high blood pressure, 
a pharmacist may advise the use of preparations containing extracts from plants such as 
hawthorn (Crataegus spp.) or garlic (Allium sativum), which have been shown in clinical 
trials to have antihypertensive properties, provided that possible interactions with any 
synthetic drugs taken by the patient are taken into account. In addition, the pharmacist 
monitors any potential adverse effects of all drugs. It should be remembered that, as with 
synthetic drugs, the use of herbal products is associated with the risk of adverse effects. 
Their occurrence may be related to various factors, such as incorrect identification of the 
plant species, adulteration of the herbal product with other substances, contamination 
with toxic or dangerous ingredients, incorrect dosage, incorrect use of herbal prepa-
rations, or interactions between herbal and synthetic drugs (Ekor, 2014). Pharmacists 
may report adverse effects related to herbal preparations to the Office for Registration 
of Medicinal Products (Act of 6 September 2001).

Table 3: Examples of activities within pharmaceutical care

Type of action Description

Drug review Assessment of drugs being taken, including herbs and supplements, and exclusion of drug 
and herb interactions

Health education Consultations on lifestyle, diet, and supplementation of herbs with health-promoting prop-
erties

Individual care plan

Based on diagnostic tests and current scientific evidence, recommendation of appropriate 
herbal preparations as an element of prophylaxis or supportive therapy, adjusting the dosage 
and method of use to the individual conditions of the patient, and assessment of the safety 
and effectiveness of the therapy, taking into account potential interactions between synthetic 
drugs and herbal preparations

Source: Act of 10 December 2020

Conclusions

1. The WHO Strategy for 2025–2034 emphasizes the need to develop education, research, 
and the competences of medical staff, including pharmacists, in the field of traditional, 
complementary, and integrative medicine. The integration of TCIM into the healthcare 
system in Poland is slow and mainly concerns the regulation of herbal products.
2. New legal regulations concerning pharmacists, including the Act of 10 December 2020 
on the Profession of Pharmacist and the Regulation on the List of Diagnostic Tests That 
May Be Performed by a Pharmacist, have expanded their role in the healthcare system, 
particularly in the integration of traditional and conventional medicine.
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3. Pharmacists, as specialists in the field of pharmacotherapy, have the necessary qualifi-
cations to educate patients and plan individual care in the safe use of herbal preparations 
and potential interactions with synthetic drugs.

Recommendations

The WHO Strategy for 2025–2034 emphasizes the importance of developing education, 
research, and the competences of healthcare professionals, including pharmacists, in tra-
ditional, complementary, and integrative medicine (TCIM). In Poland, the integration 
of TCIM into the healthcare system is progressing slowly and remains largely limited 
to the regulation of herbal products. However, recent legal developments – such as the 
Act of 10 December 2020 on the Profession of Pharmacist and the Regulation on the 
List of Diagnostic Tests That May Be Performed by Pharmacists – have laid the ground-
work for expanding their role within the healthcare system, including supporting the 
integration of traditional and conventional medicine. Pharmacists, as experts in phar-
macotherapy, possess the qualifications necessary to educate patients and develop indi-
vidualized care plans concerning the safe use of herbal preparations and the potential for 
interactions with synthetic drugs. They should be formally included in interdisciplinary 
therapeutic teams providing integrative care, with clearly defined responsibilities in pa-
tient counselling, preventive healthcare, and risk assessment. To effectively fulfill this 
role, the scope of specialist training and continuing education for pharmacists must be 
broadened to incorporate up-to-date knowledge in the field of TCIM, particularly with 
regard to standards of care and the latest scientific research. Following the example 
of countries such as Germany, Switzerland, Portugal, and Italy, Poland should consider 
developing certification and registration systems for TCIM services and products. In this 
context, pharmacists would play a crucial role in assessing potential interactions with 
conventional pharmacotherapy.
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Abstract
Secondhand smoke (SHS) is the smoke produced when tobacco products – such as cigarettes – are 
burned; SHS is harmful to health. This study assesses secondhand smoke exposure at home in a rep-
resentative sample of adults in Poland and identifies factors associated with secondhand smoke expo-
sure at home. This study is based on data from a nationwide cross-sectional survey (February 2024). 
Self-reported exposure to SHS at home was assessed using a questionnaire. The study population was 
comprised of 1,080 adults aged 18 years and over, of which 36.2% smoked cigarettes or used e-ciga-
rettes or heated tobacco in the past 30 days. Exposure to secondhand smoke at home was declared by 
25.1% of all respondents, including 41.2% among smokers and 16.0% among non-smokers. Among all 
respondents, the factors significantly associated with higher odds of exposure to secondhand smoke 
at home were living in rural areas (OR: 1.84, 95%CI: 1.07–3.17, p=0.03), having three or more household 
members (OR: 2.63, 95%CI: 1.37–5.06, p=0.004), having bad economic status (OR: 1.68, 95%CI: 1.03–2.72, 
p=0.04), smoking cigarettes (OR: 2.26, 95%CI: 1.62–3.16, p<0.001), and using e-cigarettes or heated tobacco 
products (OR: 2.18, 95%CI: 1.49–3.20, p<0.001). Among non-smokers (n=689), the factors significantly 
associated with exposure to secondhand smoke at home were living in rural areas (OR: 2.35, 95%CI: 
1.10–5.02, p=0.03) and having three or more household members (OR: 2.42, 95%CI: 1.01–5.81, p=0.04). 
This study revealed that SHS exposure at home remains a significant public health problem in Poland. 

Keywords: secondhand smoke; exposure; tobacco smoke; smoke-free policy
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Introduction

Secondhand smoke (SHS) is the smoke produced when tobacco products, such as ciga-
rettes, are burned (Okoli & Kodet, 2015; Flor et al., 2024). SHS exposure happens when 
people inhale smoke expelled by smokers or from tobacco products (Okoli & Kodet, 
2015; Lee et al., 2022; Flor et al., 2024). SHS is harmful to human health: it is estimated 
that 1 million deaths annually are caused by SHS exposure [2]. Non-smokers exposed 
to SHS are at higher risk of cardiovascular diseases, lung diseases, and cancers (Lee et 
al., 2022). Moreover, in children, SHS exposure can evoke asthma attacks and respiratory 
infections (Mbulo et al., 2016). There are no safe levels of secondhand smoke exposure, so 
only policies aimed at completely eliminating SHS from the environment can effectively 
protect the population. 

In Poland, between 2009 and 2019, a significant decrease in SHS exposure in public 
places was observed, as a consequence of the smoke-free law adopted in 2010 (Jankowski, 
Rees, et al., 2020). The greatest progress in protecting against SHS exposure was ob-
served in transport services, where the percentage of adults in Poland exposed to SHS 
decreased from 45.7% in 2009 to 11.7% in 2019 (Jankowski Rees, et al., 2020). A similar 
decrease was observed in bars/pubs: from 45% in 2009 to 7% in 2019 (Jankowski et al., 
2020). In September 2019, SHS exposure at home (in the past 30 days) was reported by 
6.1% of respondents, including 11.5% of smokers and 4.5% of non-smokers (Jankowski, 
Pinkas, et al., 2020). Between 2019 and 2022, the percentage of households in Poland 
that implemented fully smoke-free homes decreased from 66.1% to 60.6% (Ostrowska 
et al., 2023). The following sociodemographic groups were more likely to have a fully 
smoke-free home: males, non-smokers, those with higher education, and those who live 
alone (Ostrowska et al., 2023). In 2024, 44.1% of adults in Poland declared support for 
the new law to institute a smoking ban on private balconies (Grudziąż-Sękowska et al., 
2024). Public health interventions based on legal regulations are one of the most effective 
forms of action that protect non-smokers from exposure to SHS.

SHS exposure at home remains a significant public health problem (Okoli & Kodet, 
2015; Lee et al., 2022; Flor et al., 2024). A home is an indoor environment where people 
spend most of their time. It is particularly important to protect vulnerable populations 
(especially children) from SHS exposure in the home (Mbulo et al., 2016; Lee et al., 2022; 
Possenti et al., 2024). Analyzing current levels of SHS exposure at home and identifying 
factors associated with SHS exposure at home may inform policymakers about further 
needs for anti-tobacco interventions and other actions to protect non-smokers from 
exposure to SHS (Possenti et al., 2024). 

This study assesses secondhand smoke exposure at home in a representative sample 
of adults in Poland and identifies factors associated with secondhand smoke exposure 
at home.
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Material and methods

Study design and measures

This study is based on data from the nationwide cross-sectional survey on the attitudes 
of Poles towards smoking and the use of novel nicotine-containing products. Data were 
collected in February 2024 by a dedicated public opinion company – Nationwide Research 
Panel Ariadna (Jankowski et al., 2024) – using computer-assisted web interviews. The 
questionnaire was available online on the research platform managed by Nationwide 
Research Panel Ariadna and all participants received invitations via e-mail and text 
message. Respondents were selected (quota sampling method) from over 100,000 adult 
users of the company’s services. The study sample was selected following the stratifica-
tion model that included gender, age, and size of the place of residence in line with the 
Demographic Yearbook published annually by Statistics Poland.

Secondhand smoke exposure at home was assessed with the following question: 
“In the last 30 days, have you been exposed to secondhand smoke in the home where 
you live (someone smoked in your presence)?” (yes/no).

Questions on socioeconomic characteristics were also addressed (Jankowski et al., 
2024). 

Non-smokers were defined as those who did not use cigarettes, e-cigarettes, or heated 
tobacco products in the last 30 days at least (even once).

The study protocol was approved by the Ethical Review Board at the Center of Post-
graduate Medical Education (No. 403/2023) as of 23 August 2023. All procedures were 
in line with the Declaration of Helsinki.

Data analysis

The data were analyzed using IBM SPSS Statistics version 29 and are presented with fre-
quencies and proportions. The chi-squared test was used to analyze differences between 
qualitative variables. Multivariable logistic regression models were prepared to identify 
factors associated with secondhand smoke exposure at home in a general population, 
as well as among non-smokers (dependent variable). In bivariable analysis, all variables 
were analyzed separately. The variables which were found to be statistically significant 
in the bivariable analysis were included in the multivariable logistic regression model. 
Odds ratios (OR) and 95% confidence intervals (95%CI) were used to present the results 
of regression analysis. The threshold for statistical significance was set at p<0.05.
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Results

The study population was comprised of 1,080 adults aged 18 years and over, of whom 
30.4% were cigarette smokers (in the past 30 days), 15.2% had used e‑cigarettes at least 
once in the past 30 days, and 10.9% had used heated tobacco products at least once in the 
past 30 days (Table 1). Exposure to secondhand smoke at home was declared by 25.1% 
of all respondents. Younger respondents (18–29 years) more often declared exposure 
to secondhand smoke at home (p=0.001). Moreover, the highest exposure was declared 
by those with elementary education (33.3%; p=0.04), those in informal relationships 
(36.1%; p=0.02), and those living in rural areas (29.1%; p=0.04). Higher percentages 
of respondents exposed to SHS at home were observed among those living with at least 
two other people (31.0%; p<0.001), those living with children at home (29.9%; p=0.01), 
and those with active occupational status (27.6%; p=0.02). Moreover, those who currently 
smoked or used e‑cigarettes or heated tobacco products (p<0.001) more often declared 
exposure to secondhand smoke at home (Table 1).

Table 1: Characteristics of the study population by exposure to secondhand smoke at home 
in the past 30 days (n=1,080)

Variable

Secondhand smoke exposure at home  
in the past 30 days

Yes 
n (%)

No
n (%) p-value

Overall 271 (25.1) 809 (74.9)

Gender

female (n=572) 149 (26.0) 423 (74.0) 0.4

male (n=508) 122 (24.0) 386 (76.0)

Age [years]

18–29 (n=140) 50 (35.7) 90 (64.3) 0.001

30–39 (n=211) 51 (28.9) 150 (71.1)

40–49 (n=201) 49 (24.4) 152 (75.6)

50–59 (n=203) 52 (25.6) 151 (74.4)

60 and over (n=325) 59 (18.2) 266 (81.8)

Education

primary (n=18) 6 (33.3) 12 (66.7) 0.04

vocational (n=132) 39 (29.5) 93 (70.5)

secondary (n=461) 128 (27.8) 333 (72.2)

higher (n=469) 98 (20.9) 371 (79.1)

Marital status

single (n=214) 52 (24.3) 162 (75.7) 0.02
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Variable

Secondhand smoke exposure at home  
in the past 30 days

Yes 
n (%)

No
n (%) p-value

married (n=619) 142 (22.9) 477 (77.1)

informal relationship (n=147) 53 (36.1) 94 (63.9)

divorced (n=52) 15 (28.8) 37 (71.2)

widowed (n=48) 9 (18.8) 39 (81.3)

With children

yes (n=732) 175 (23.9) 96 (27.6) 0.2

no (n=348) 557 (76.1) 252 (72.4)

Place of residence

rural (n=416) 121 (29.1) 295 (70.9) 0.04

city with fewer than 20,000 residents (n=137) 28 (20.4) 109 (79.6)

city with 20,000–99,999 residents (n=211) 50 (23.7) 161 (76.3)

city with 100,000–499,999 residents (n=187) 50 (26.7) 137 (73.3)

city with more than 500,000 residents (n=129) 22 (17.1) 107 (82.9)

Number of household members

1 (living alone) (n=134) 18 (13.4) 116 (86.6) <0.001

2 (n=414) 88 (21.3) 326 (78.7)

3 or more (n=532) 165 (31.0) 367 (69.0)

Children in the home

yes (n=345) 103 (29.9) 242 (70.1) 0.01

no (n=735) 168 (22.9) 567 (77.1)

Occupational activity

employed/self-employed (n=656) 181 (27.6) 475 (72.4) 0.02

passive (unemployed or retired) (n=424) 90 (21.2) 334 (78.8)

Self-declared economic status

good (n=330) 77 (23.3) 253 (76.7) 0.08

moderate (n=606) 147 (24.3) 459 (75.7)

bad (n=144) 47 (32.6) 97 (67.4)

Cigarette smoking (past 30 days)

yes (n=328) 133 (40.5) 195 (59.5) <0.001

no (n=752) 138 (18.4) 614 (81.6)

E-cigarette use (past 30 days)

yes (n=164) 83 (50.6) 81 (49.4) <0.001

no (n=916) 188 (20.5) 728 (79.5)

Heated tobacco use (past 30 days)

yes (n=118) 56 (47.5) 62 (52.5) <0.001

no (n=962) 215 (22.3) 747 (77.7)
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Among smokers, 41.2% were exposed to secondhand smoke at home, compared 
to 16.0% of non-smokers (Table 2). Smokers exposed to secondhand smoke more often 
had primary or secondary education (p=0.007). Moreover, non-smokers who lived in ru-
ral areas (53.6%) were more often exposed to secondhand smoke at home than smokers 
who lived in rural areas (38.5%; p=0.004).

Table 2: Socioeconomic differences between smokers and non-smokers exposed  
to secondhand smoke at home

Variable

Secondhand smoke exposure at home 
in the past 30 days (yes)

Smokers, e-cigarette users 
and heated tobacco users

n=391

Non-smokers  
(any nicotine product)

n=689
p-value

n (%) n (%)

Overall 161 (41.2) 110 (16.0)

Gender

female 89 (55.3) 60 (54.5) 0.9

male 72 (44.7) 50 (45.5)

Age [years]

18–29 36 (22.4) 14 (12.7) 0.2

30–39 31 (19.3) 30 (27.3)

40–49 30 (18.6) 19 (17.3)

50–59 31 (19.3) 21 (19.1)

60 and over 33 (20.5) 26 (23.6)

Education

primary 5 (3.1) 1 (0.9) 0.007

vocational 32 (19.9) 7 (6.4)

secondary 73 (45.3) 55 (50.0)

higher 51 (31.7) 47 (42.7)

Marital status

single 32 (19.9) 20 (18.2) 0.2

married 77 (47.8) 65 (59.1)

informal relationship 33 (20.5) 20 (18.2)

divorced 12 (7.5) 3 (2.7)

widowed 7 (4.3) 2 (1.8)

With children

yes 103 (64.0) 72 (65.5) 0.8

no 58 (36.0) 38 (34.5)
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Variable

Secondhand smoke exposure at home 
in the past 30 days (yes)

Smokers, e-cigarette users 
and heated tobacco users

n=391

Non-smokers  
(any nicotine product)

n=689
p-value

Place of residence

rural 62 (38.5) 59 (53.6) 0.004

city with fewer than 20,000 residents 12 (7.5) 16 (14.5)

city with 20,000–99,999 residents 36 (22.4) 14 (12.7)

city with 100,000–499,999 residents 38 (23.6) 12 (10.9)

city with more than 500,000 residents 13 (8.1) 9 (8.2)

Number of household members

1 (living alone) 10 (6.2) 8 (7.3) 0.7

2 50 (31.1) 38 (34.5)

3 or more 101 (62.7) 64 (58.2)

Children in the home

yes 65 (40.4) 38 (34.5) 0.3

no 96 (59.6) 72 (65.5)

Occupational activity

employed/self-employed 112 (69.6) 69 (62.7) 0.2

passive (unemployed or retired) 49 (30.4) 41 (37.3)

Self-declared economic status

good 48 (29.8) 29 (26.4) 0.2

moderate 81 (50.3) 66 (60.0)

bad 31 (19.9) 15 (13.6)

The factors which were significantly associated with a higher probability of exposure 
to SHS at home were living in rural areas (OR: 1.84, 95%CI: 1.07–3.17, p=0.03), having 
three or more household members (OR: 2.63, 95%CI: 1.37–5.06, p=0.004), having bad 
economic status (OR: 1.68, 95%CI: 1.03–2.72, p=0.04), smoking cigarettes (OR: 2.26, 
95%CI: 1.62–3.16, p<0.001) and using e-cigarettes or heated tobacco products (OR: 2.18, 
95%CI: 1.49–3.20, p<0.001) (Table 3).
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Table 3: Factors associated with SHS exposure at home in a representative sample of adults 
in Poland

Bivariable 
Logistic 

Regression

Multivariable
Logistic 

Regression

Overall OR (95%CI) p-value aOR p-value

Gender

female 1.11 (0.85–1.47) 0.4

male Reference

Age [years]

18–29 2.51 (1.60–3.91) <0.001 1.55 (0.85–2.85) 0.2

30–39 1.83 (1.22–2.76) 0.004 1.24 (0.72–2.16) 0.4

40–49 1.45 (0.95–2.23) 0.09 0.97 (0.55–1.70) 0.9

50–59 1.55 (1.02–2.37) 0.04 1.07 (0.66–1.74) 0.8

60 and over Reference Reference

Education

higher Reference Reference

less than higher 1.50 (1.13–1.99) 0.005 1.27 (0.93–1.74) 0.1

Marital status

single 1.39 (0.63–2.06) 0.4 1.30 (0.53–3.18) 0.6

married 1.29 (0.61–2.73) 0.5 1.32 (0.56–3.09) 0.5

informal relationship 2.44 (1.10–5.43) 0.03 2.17 (0.88–5.36) 0.09

divorced 1.76 (0.69–4.50) 2.49 (0.87–7.10) 0.09

widowed Reference Reference

With children

yes 0.83 (0.62–1.10) 0.2

no Reference

Place of residence

rural 2.00 (1.20–3.31) 0.007 1.84 (1.07–3.17) 0.03

city with fewer than 20,000 residents 1.25 (0.67–2.32) 0.5 1.34 (0.69–2.59) 0.4

city with 20,000–99,999 residents 1.51 (0.87–2.64) 0.2 1.28 (0.70–2.32) 0.4

city with 100,000–499,999 residents 1.78 (1.01–3.11) 0.04 1.53 (0.84–2.80) 0.2

city with more than 500,000 residents Reference Reference

Number of household members

1 (living alone) Reference Reference

2 1.74 (1.01–3.01) 0.04 1.74 (0.91–3.31) 0.09

3 or more 2.90 (1.71–4.92) <0.001 2.63 (1.37–5.06) 0.004
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Bivariable 
Logistic 

Regression

Multivariable
Logistic 

Regression

Children in the home

yes 1.44 (1.08–1.92) 0.01 0.82 (0.54–1.24) 0.3

no Reference Reference

Occupational activity

employed/self-employed 1.42 (1.06–1.89) 0.02 1.24 (0.86–1.79) 0.2

passive (unemployed or retired) Reference Reference

Self-declared economic status

good Reference Reference

moderate 1.05 (0.77–1.44) 0.8 1.24 (0.88–1.75) 0.2

bad 1.05 (0.77–1.44) 0.04 1.68 (1.03–2.72) 0.04

Cigarette smoking (past 30 days)

yes 3.04 (2.28–4.05) <0.001 2.26 (1.62–3.16) <0.001

no Reference Reference

E-cigarette or heated tobacco use (past 30 days)

yes 3.70 (2.68–5.12) <0.001 2.18 (1.49–3.20) <0.001

no Reference Reference

Among non-smokers (n=689), living in rural areas (OR: 2.35, 95%CI: 1.10–5.02, p=0.03) 
and having three or more household members (OR: 2.42, 95%CI: 1.01–5.81, p=0.04) were 
significantly associated with exposure to secondhand smoke at home (Table 4).

Table 4: Factors associated with SHS exposure at home among non-smokers (n=689)

Bivariable 
Logistic 

Regression

Multivariable
Logistic 

Regression

Overall OR (95%CI) p-value aOR p-value

Gender

female 1.01 (0.69–1.52) 0.9

male Reference

Age [years]

18–29 1.65 (0.81–3.34) 0.2

30–39 2.20 (1.24–3.91) 0.07

40–49 1.42 (0.75–2.68) 0.3

50–59 1.62 (0.87–3.01) 0.1
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Bivariable 
Logistic 

Regression

Multivariable
Logistic 

Regression

60 and over Reference

Education

higher Reference

less than higher 1.23 (0.85–1.93)

Marital status

single 2.14 (0.47–9.73) 0.3 1.92 (0.41–8.92) 0.4

married 2.33 (0.54–10.07) 0.3 1.82 (0.41–8.10) 0.4

informal relationship 4.10 (0.89–18.86) 0.1 3.49 (0.74–16.51) 0.1

divorced 1.39 (0.21–9.01) 0.7 1.69 (0.25–11.25) 0.6

widowed Reference Reference

With children

yes 0.90 (0.58–1.38) 0.6

no Reference

Place of residence

rural 2.36 (1.12–4.98) 0.03 2.35 (1.10–5.02) 0.03

city with fewer than 20,000 residents 1.61 (0.67–3.86) 0.3 1.68 (0.69–4.08) 0.3

city with 20,000–99,999 residents 1.11 (0.46–2.69) 0.8 1.23 (0.50–3.01) 0.7

city with 100,000–499,999 residents 1.08 (0.43–2.70) 0.9 1.08 (0.43–2.72) 0.9

city with more than 500,000 residents Reference Reference

Number of household members

1 (living alone) Reference Reference

2 1.71 (0.77–3.81) 0.2 1.57 (0.82–3.94) 0.3

3 or more 2.71 (1.25–5.88) 0.01 2.42 (1.01–5.81) 0.04

Children in the home

yes 1.35 (0.87–2.08) 0.2

no Reference

Occupational activity

employed/self-employed 1.22 (0.80–1.85) 0.4

passive (unemployed or retired) Reference

Self-declared economic status

good 0.67 (0.34–1.32) 0.2

moderate 0.86 (0.46–1.59) 0.6

bad Reference
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Discussion

This nationwide study showed that exposure to secondhand smoke at home remains 
a significant public health problem in Poland. One quarter of adults, including 41.2% 
of smokers and 16.0% of non-smokers, declared being exposed to SHS at home. Socioeco-
nomic differences in exposure to SHS at home were identified, of which place of residence 
and number of household members were the most important factors among non-smokers. 

The findings from this study revealed that the percentage of adults in Poland exposed 
to SHS at home in 2024 was significantly higher than in 2019: 25.1% vs. 6.1% (in the past 
30 days; Jankowski, Pinkas, et al., 2020). This observation may result from the fact that 
the 2019 study was carried out in September and the 2024 data were collected in Febru-
ary, as more people may have smoked at home due to the cold season. In 2024, a higher 
percentage of people declared being exposed to SHS at home, among both smokers (11.5% 
in 2019 vs. 41.2% in 2024) and non-smokers (4.5% in 2019 vs. 16% in 2024) (Jankowski, 
Pinkas, et al., 2020). This observation requires further investigation. 

Among all respondents and in the subgroup of non-smokers, living in rural areas 
and having three or more household members were associated with a higher proba-
bility of exposure to SHS at home. Previously published data also suggest that rural 
populations are at higher risk of SHS exposure (Carreras et al., 2019; Vander Weg 
et al., 2021; Štěpánek et al., 2022). This observation may result from the fact that rural 
residents live in detached houses rather than apartment buildings and may feel more 
comfortable and confident smoking in their homes. Respondents in households with 
at least three residents reported higher SHS exposure, which may result from the 
fact that the risk of SHS exposure increases with the number of household members. 
In all respondents, bad economic status was also associated with a higher probabil-
ity of SHS exposure at home. This is also in line with previously published data, as 
low economic status is considered an important factor associated with unhealthy 
behaviors and higher health risks related to environmental exposure (Milcarz et al., 
2018; Vander Weg et al., 2021). As expected, smokers (users of cigarettes, e-cigarettes, 
or heated tobacco products) had a higher probability of SHS exposure at home. This 
results from the fact that these people may smoke with relatives or friends who live 
with or visit them. Further educational activities promoting smoke-free homes and 
protection against secondhand smoke should target rural populations and groups 
with low socioeconomic status. 

This study has practical implications for health policy in Poland. Firstly, it showed that 
SHS exposure at home is a significant public health problem that should be addressed 
with public health interventions. The study also indicated priority populations for ed-
ucation on SHS exposure and its health effects. There is a need to increase the number 
of educational activities on the health effects of SHS exposure addressed to inhabit-
ants of rural areas. Moreover, the study also revealed that smokers and users of novel 
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nicotine-containing products should be educated about the effects of secondhand smoke 
on bystanders and others in the smoker’s vicinity.

The major limitations of this study are that SHS exposure was self-reported, no meas-
urements were taken in the home, and cotinine levels were not included. Because this 
study was carried out with the CAWI technique, respondents without internet access 
were excluded. Moreover, secondhand smoke exposure was assessed generally, without 
distinguishing between cigarettes, e-cigarettes, and heated tobacco products.

Conclusions

This study revealed that one quarter of Poles are exposed to secondhand smoke at home. 
Place of residence and number of household members were the most important factors 
associated with a higher probability of secondhand smoke exposure at home among 
non-smokers. Further public health interventions are needed to protect the population 
and to promote smoke-free homes.
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Abstract
The prevention and early detection of diseases through screening are key public health actions. 
The program “Prevention 40 PLUS” was a population-based screening program for adults aged 
40 and over, available from July 2021 and April 2025. This study provides a descriptive analysis 
of the implementation of the program in Poland between July 2021 and December 2024. Data for 
the study were obtained from the National Health Fund through a request for access to public 
information. Between July 2021 and December 2024, a total of 5,071,360 participants completed 
the questionnaire available within the program. Between 2023 and 2022, the annual number 
of participants increased by 302,292 participants, and between 2023 and 2024, an increase 
of 116,393 participants was noted. Among the participants, 58.6% were women. Over 60% of the 
participants signed up for the program via the hotline. Over one fifth (21%) of the participants 
were aged 40–44 years. In general, almost half of the participants (48.1%) were aged 40–54 years. 
The largest groups of participants of the program lived in Masovia (11.7%) and Greater Poland 
(10.9%). Less than 5% of the participants lived in the Lubusz or Opolskie voivodeship. Prevention 
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40 PLUS was well-accepted and over 5 million Poles declared a willingness to participate in this 
program over its 4-year span.

Keywords: prevention; screening; early detection; public health; Prevention 40 PLUS 

Introduction

The prevention and early detection of diseases through screening are key public health 
actions (Martin-Moreno et al., 2016; Speechley et al., 2017). Population screening pro-
grams offer medical examinations for specific diseases to a population of apparently 
healthy, asymptomatic individuals (Williams, 2022). Most of the population-based 
screening programs are focused on early detection of various types of cancer (Sheridan 
et al., 2025). The European Council (2022) recommends European Union (EU) Member 
States to implement population screening for six cancers: breast, cervical, colorectal, 
gastric, lung, and prostate. Cervical and colorectal cancer screening programs enjoy the 
greatest success (Shieh et al., 2016). However, different population screening programs 
have been implemented worldwide to better address the health needs of local populations 
(Ebell et al., 2018). Moreover, national screening programs may also better address the 
sociocultural determinants of health and address the inequalities resulting from these 
determinants.

On July 1, 2021, a population-based preventive program was introduced in Poland, 
called Prevention 40 PLUS (Regulation of the Ministry of Health of 14 June 2021 on the 
pilot program “Prevention 40 PLUS”, 2021). This program provided free preventive 
screening for all Polish men and women over the age of 40. The aim of the program was 
to increase the number of people undergoing preventive screening, increase early detec-
tion of diseases and disorders, and prevent the development of these diseases (Ministry 
of Health, 2025). This program was implemented in response to the COVID-19 pandemic 
and the decrease in the utilization of health services, including preventive services, ob-
served in the first year of the COVID-19 pandemic (Mularczyk-Tomczewska et al., 2022).

Prevention 40 PLUS offered a group of diagnostic tests selected specifically for men 
and women (Regulation of the Ministry of Health of 14 June 2021 on the pilot program 
“Prevention 40 PLUS”, 2021). All participants underwent the following assays: peripheral 
blood count with differential and platelet count; total cholesterol level or lipid profile; 
blood glucose level; alanine transaminase (AlAT), aspartate transaminase (AspAT), 
and gamma-glutamyltransferase (GGTP) levels; blood creatinine level; general urine 
test; blood uric acid level; fecal occult blood – immunochemical method (iFOBT); blood 
pressure measurement; and anthropometric measures, such as body mass, height, waist 
circumference, and body mass index (BMI). Moreover, in men, total prostate-specific 
antigen (PSA) levels were tested (Ministry of Health, 2025). 
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All insured individuals could participate in the program at publicly funded health 
service centers. Individuals interested in participating in this program were obligated 
to fill out the dedicated screening questionnaire, available online at the Patient’s Online 
Account or via a hotline or authorized healthcare facility. In July 2023, it was announced 
that people over 40 years of age could use the program for a second time if at least 
12 months had passed since the previous enrolment. The program ended on April 30, 
2025 (Ministry of Health, 2025).

This aim of this study is to provide a descriptive analysis of the implementation 
of Prevention 40 PLUS in Poland between July 2021 and December 2024.

Material and Methods

This study is an analysis of data on the program Prevention 40 PLUS, a preventive 
screening program available within the Polish public healthcare system for all insured 
persons aged 40 and over (Regulation of the Ministry of Health of 14 June 2021 on the 
pilot program “Prevention 40 PLUS”, 2021). Each participant of the program was re-
quired to complete a questionnaire, based on which the diagnostic tests to be offered 
as part of the program were selected. The questionnaire was available at the Patient’s 
Online Account or via a designated hotline. Once the questionnaire was completed, 
a referral was generated for tests appropriate for the patient’s health risks. This solution 
was innovative in nature, as it did not require a doctor’s visit, facilitating access to basic 
diagnostics and health prevention in accordance with the list of benefits specified in the 
regulation (Ministry of Health, 2025).

Completing the questionnaire resulted in a referral for laboratory testing. For the 
purposes of this analysis, any person who completed the questionnaire and received a re-
ferral was considered a program participant. This study did not analyze the percentage 
of people who, despite completing the questionnaire and receiving a referral, did not 
undergo laboratory testing (Ministry of Health, 2025).

Data on the implementation of Prevention 40 PLUS were obtained from the National 
Health Fund through a request for access to public information. The National Health 
Fund, as a public payer, monitored and supervised the implementation of the publicly 
financed screening program.

The request for access to anonymized data regarding the implementation of the 
program encompassed the following data about the participants:

•	 gender
•	 age
•	 provincial branch of the National Health Fund assigned to the participant’s place 

of residence
•	 changes in the number of participants over time.
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In this study, data on questionnaires filled out between July 1, 2021 and December 
31, 2024 were analyzed. The data were entered into an electronic database and analyzed 
using MS Excel. 

Results

Between July 2021 and December 2024, a total of 5,071,360 participants completed the 
questionnaire connected with the program Prevention 40 PLUS (Figure 1). Between 
2023 and 2022, the annual number of participants increased by 302,292 participants, 
and between 2023 and 2024, an increase of 116,393 participants was noted (Figure 1). 
Among the participants, 58.6% were women.

Figure 1. Annual number of participants (completed questionnaires) of Prevention 40 PLUS, 
July 2021–December 2024

The monthly number of participants of the program is presented in Table 1. Over 
60% of the participants signed up for the program via the hotline. The highest number 
of monthly participants was observed in March 2023: a total of 176,378 (Table 1).
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Table 1: Monthly number of participants of the Prevention 40 PLUS program

Total number 
of questionnaires

Source of questionnaires

Month Patient’s Online Account Hotline

July 2021 134,393 123,785 10,608

August 2021 72,160 58,076 14,084

September 2021 94,411 71,435 22,976

October 2021 141,526 109,336 32,190

November 2021 130,614 94,985 35,629

December 2021 106,512 75,642 30,870

January 2022 66,936 42,039 24,897

February 2022 58,055 31,916 26,139

March 2022 60,185 25,587 34,598

April 2022 71,647 32,513 39,134

May 2022 93,869 34,449 59,420

June 2022 125,632 51,564 74,068

July 2022 87,711 25,998 61,713

August 2022 105,723 30,406 75,317

September 2022 123,670 34,508 89,162

October 2022 136,439 37,779 98,660

November 2022 166,059 44,950 121,109

December 2022 127,663 31,284 96,379

January 2023 121,080 29,657 91,423

February 2023 157,492 44,501 112,991

March 2023 176,378 57,709 118,669

April 2023 112,467 27,587 84,880

May 2023 124,622 26,235 98,387

June 2023 107,954 19,217 88,737

July 2023 116,132 26,260 89,872

August 2023 125,543 28,061 97,482

September 2023 122,087 23,495 98,592

October 2023 130,315 28,473 101,842

November 2023 141,777 31,487 110,290

December 2023 90,034 21,559 68,475

January 2024 132,208 31,471 100,737

February 2024 153,236 33,804 119,432

March 2024 144,359 31,422 112,937
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Total number 
of questionnaires

Source of questionnaires

Month Patient’s Online Account Hotline

April 2024 151,254 30,862 120,392

May 2024 146,920 38,697 108,223

June 2024 174,710 46,575 128,135

July 2024 100,690 21,875 78,815

August 2024 98,782 20,230 78,552

September 2024 104,965 19,449 85,516

October 2024 127,114 27,500 99,614

November 2024 150,199 42,939 107,260

December 2024 157,837 51,529 106,308

Total 5,071,360 1,716,846 3,354,514

Over one fifth (21%) of the participants were individuals aged 40–44 years. The highest 
interest in the program was among the youngest eligible for the program: almost half 
of the participants (48.1%) were aged 40–54 years (Table 2).

Table 2: Age group of the participants of Prevention 40 PLUS 

Age group [years] Percentage of all participants

40–44 21.0%

45–49 15.3%

50–54 11.8%

55–59 10.5%

60–64 11.4%

65–69 12.3%

70–74 9.2%

75–79 4.7%

80–84 2.2%

85–89 1.1%

90–94 0.4%

95 and over 0.1%

Most of  the participants of Prevention 40 PLUS lived in Masovia (11.7%) and 
Greater Poland (10.9%) (Table 3). Less than 5% of them lived in Lubusz or Opolskie 
voivodeship.
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Table 3: Participants of Prevention 40 PLUS by voivodeship

Voivodeship Percentage of all participants

Masovia 11.7%

Greater Poland 10.9%

Silesia 9.7%

Lublin 9.5%

Subcarpathia 9.2%

Lesser Poland 7.9%

Lower Silesia 6.8%

Pomerania 5.6%

West Pomerania 4.6%

Świętokrzyskie 4.2%

Lodzkie 4.2%

Kuyavia-Pomerania 4.0%

Podlaskie 3.7%

Warmia-Masuria 3.5%

Lubusz 2.6%

Opole 2.0%

missing data 0.8%

Discussion

This study provides a descriptive analysis of the implementation of the program “Pre-
vention 40 PLUS” in Poland, including data on the participants (July 2021–December 
2024). The findings from the study revealed a year-by-year increase in the number 
of participants. Most of the participants were women and almost half of the participants 
were aged 40–54 years. The program was utilized most in Masovia, Greater Poland, and 
Silesia, which are the voivodeships with the highest numbers of residents.

Prevention 40 PLUS was a major population-based screening program implemented 
in Poland after the COVID-19 pandemic (Ministry of Health, 2025). It was widely pro-
moted on TV and radio, in the press and digital media, and on social media. The pro-
gram was led by the Ministry of Health and, following several extensions over 5 years, 
it ended on 30 April 2025.

The study showed that over 5 million Poles aged 40 and over filled out the screening 
questionnaire, which automatically generated referrals for laboratory tests. This number 
includes also those who filled out the questionnaire but did not show up for tests, as well 
as those who participated in the program twice with an interval of at least 12 months. 
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It is estimated that 12.8 million Poles are aged 40 years and over, so the number of peo-
ple who participated in Prevention 40 PLUS is encouraging and points to a relatively 
high interest in screening after the COVID-19 pandemic. Every year, an increase in the 
number of participants was observed, which suggests growing interest in the program. 
Monthly differences in the number of participants were observed, which may suggest that 
in some months people are less likely to undergo preventive screening, such as during 
the summer or the last month of the year. The findings from this study also indicate 
the role of a well-organized hotline as a source of health information and enrollment 
for screening, especially for older adults. Over 60% of the participants signed up for the 
screening via the hotline. The role of hotlines as a source of information about availa-
ble healthcare services and a place to register for health services, including preventive 
services, requires further investigation (Brody et al., 2020).

Most of the participants were women, but this observation is in line with previ-
ously published data that this population is more likely to perform screening tests 
(Mularczyk-Tomczewska et al., 2022). The highest group of participants (almost 50%) 
were aged 40–54 years, which suggests that the youngest eligible populations were most 
interested in the health screening. It can be hypothesized that putting the target group 
for the program (those 40 years and older) in the name of the program had an impact 
on the youngest eligible group, who felt at high risk and realized that they should perform 
a screening test (Agrawal et al., 2021). Moreover, this group could be in the best health 
due to their age and may be the most interested in staying healthy as long as possible, 
leading them to undergo screening (Chien et al., 2020). 

Out of the 16 voivodeships, the percentage of participants in the Prevention 40 PLUS 
program living in Lublin and West Pomerania was relatively higher than the proportion 
of the population in these voivodeships to the general population of Poland. However, 
this observation and regional differences in the utilization of preventive services require 
further investigation.

The major limitation of this study is the fact that the dataset available for analysis 
does not allow for identification of those who filled out the questionnaire but did not 
show up for tests despite receiving a referral. Moreover, those who participated in the 
program twice could not be identified either. The results of the laboratory tests were not 
analyzed. This publication included data through December 31, 2024 so as to include 
a full calendar year. At the time of request for data, it was unknown when the program 
would end. The program ended on April 31, 2025 and was replaced by the program 
“My Health,” which includes a similar scope of research but is aimed at people who are 
20 years of age and older and is based on different organizational principles. 
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Conclusions

The program Prevention 40 PLUS was well-accepted; over 5 million Poles declared 
a willingness to participate in it over its 4-year span. The highest interest in participat-
ing in this population-based screening program was among the youngest eligible age 
group: 40–54-year-olds. Further analysis should assess the impact of Prevention 40 PLUS 
on health literacy levels and public attitudes toward preventive screening.

conceptualization: RS, IK; methodology RS; writing – original draft RS, IK; writing – review and editing RS, 
supervision RS
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