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Infertility is a problem of global proportions, affecting on average
almost a tenth of couples (Boivin et al., 2007). One of the causes is
Premature Ovarian Insufficiency (POI) (Podfigurna-Stopa et al.,
2016), a syndrome defined as loss of ovarian activity in a woman
before the age of 40 (ESHRE, 2015). In addition to infertility, several
serious health problems, including psychological distress, osteoporosis
and ischemic heart disease seems to be aggravated by POI
(Podfigurna-Stopa et al., 2016; Jankowska et al., 2017). Although
prevalence or incidence data of POI are scarce, approximately one in
10,000 women by the age of 20 years, and one in 100 by the age of 40
years are affected (ESHRE, 2015).
The causes of POI are diverse and can be divided into genetic,
metabolic, autoimmune and iatrogenic (De Vos et al., 2001; Nelson,
2009). More recent reports indicate an important relationship between
POI and various environmental factors. Among those with a potential
origin in the physical environment, the Endocrine Disruptors (EDs) are
the most obvious (Craig et al., 2011; Gore et al., 2011; Costa et al.,
2014). Grindler et al. (2015) have demonstrated an association with
Polychlorinated Biphenyls (PCBs), dioxins, furans, phthalates and certain pesticides (β-hexachlorocyclohexane, mirex, p,p’-DDE) with a
lower age at menopause. In addition, associations have been confirmed for the exposure to perfluorochemicals (Knox et al., 2011;
Wang et al., 2015), phthalates (Hannon et al., 2015; Vabre et al.,
2017), Polycyclic Aromatic Hydrocarbons (PAHs) (Iorio et al.,
2014), and bisphenol A (Iorio et al., 2014; Caserta et al., 2014;
Patel et al., 2015; Vabre et al., 2017). Furthermore, social environmental factors, especially behavioural ones, have been linked to POI.
The most obvious association has been made for tobacco smoking
with past research showing that active smokers reach menopause earlier than women who never smoked, and a hazard ratio of POI significantly higher compared to never-smokers (Prospero et al., 2003;
Yang et al., 2015; Hyland et al., 2016; Whitcomb et al., 2018). Other
possible associations between POI and behavioural factors are dietary
habits and, consequently, the nutritional status. Namely, higher Body
Mass Index (BMI) has been found to be associated with higher age at
menopause (Akahoshi et al., 2002; Morris et al., 2012), while other
recent studies indicate a relationship between POI and several trace
substances, such as zinc and copper (Kebapcilar et al., 2013; Verma
et al., 2018), selenium (Verma et al., 2018), calcium (Purdue-Smithe
et al., 2017) and vitamin D (Kebapcilar et al., 2013, Purdue-Smithe
et al., 2017).
In Slovenia, the problem was put on the agenda more than a
decade ago (Meden-Vrtovec, 2007). According to the data of the
National Institute of Public Health of Slovenia (NIPHS) for the last
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Aiming at triggering in-depth research of the problem of Premature
Ovarian Insufficiency (POI) in Slovenia, we assessed the regional differences in POI incidence emphasising the relationship with social and
physical environmental factors at the population level using a mapping
approach. The differences in POI incidence between regions were tested
by goodness-of-fit chi-square test, while Pearson correlation coefficient
was used to assess the ecological relationship between POI incidence
and selected environmental indicators. Significant indicators were
mapped. The results showed highly significant interregional differences in POI incidence (p<0.001). Statistically significant ecological
relationships were observed between POI incidence and prevalence of
active smoking (p=0.001), passive smoking (p=0.017) and consumption of vitamins (p=0.008). The results could be used in diminishing
interregional differences in POI. It was concluded that mapping is an
effective tool in public health research, especially in triggering new
activities.
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Study design, study population, time frame and spatial
units of observation

y

In Slovenia, both individual-level and population-level data
are available for the assessment of people’s exposure to different
environmental risks. Among the individual-level databases of
potential use for our study, the most relevant information was provided by the Countrywide Integrated Non-communicable Disease
Intervention (CINDI) Health Monitor Slovenia database (CHMS),
which contains data of interval cross-sectional studies on
behavioural risk factors for non-communicable diseases in adults
since 2001 (Zaletel-Kragelj et al., 2004). Data for 2001, collected
as part of research project risk factors for non-communicable disease in adults in Slovenia (leading partner: University of Ljubljana,
Faculty of Medicine), were used. For the purpose of our study, the
following four social environmental indicators from CHMS were
included in the analysis: prevalence of active smoking, prevalence
of passive smoking, prevalence of consumption of vitamins and
prevalence of obesity (all of them expressed as percent of the total
population). Prevalence of frequent consumption (daily or several
times a day) of soft drinks from plastic bottles (expressed likewise), was included as a proxy indicator for exposure to EDs
(Tzatzarakis et al., 2017).
Among the population-level databases, that were potentially
useful in our study, the most relevant information was provided
from results of the project ‘Research of the pollution of the soil in
Slovenia’ (ROTS). Data from 2004 to 2008 were used (Zupan,
2005; Zupan, 2009). Median values of pollutant’s concentrations
were determined for measurements from all sites within each
region. For the purposes of our study, three physical environment
indicators from ROTS were included in the analysis: median zinc
concentration, median copper concentration, and median concentration of some polycyclic aromatic hydrocarbons (atracen,
benzo(a)piren,
benzo(a)antracen,
benzo(GHI)
perilen,
benzo(k)fluoranten, fenantren, fluoranten, indeno(123-cd)piren,
krizen, naftalen, acenaften, acenaftilen, benzo(b)fluoranten, dibenzen(a,h)antracen, flouren, piren), all in mg/kg of soil.
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The study was designed as an ecological multiple-group comparison (Morgenstern, 1982). The study population included women aged
15 to 39 years, residing permanently in Slovenia, who had visited
Community Health Centres or other primary level healthcare units due
to oligo/amenorrhea in the period January 1, 2003 to December 31,
2013. As spatial units of observation, the following 12 regions of
Slovenia, valid for the observed time interval, were selected: Mura
Region (MUSR), Drava Region (DRSR), Carinthia Region (CASR),
Savinja Region (SASR), Central Sava Region (CSSR), Lower Sava
Region (LSSR), Southeast Region (SESR), Central Slovenia Region
(CESSR), Upper Carniola Region (UCSR), Inner Carniola-Karst Region
(ICKSR), Gorizia Region (GOSR) and Coastal-Karst Region (CKSR).

Indicators on selected social and physical environment
risk factors for POI
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Materials and Methods

ical presentation of ovarian insufficiency. Only women diagnosed
according to ICD-10 as primary ovarian failure (ICD E28.3) or
menopausal and female climacteric states (N95.1) were included in
the study. Affiliation to the region was determined according to the
location of the healthcare unit where the disease was diagnosed.
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decade, the annual incidence of POI is about 2 to 4 per 10,000 women
aged less than 40 years (NIJZ, ZUBSTAT, 2018). In addition, the average age of mothers when giving birth to the first child is constantly
increasing in the country (1987: 23.3 years, 2017: 29.4 years)
(Statistical Office of the Republic of Slovenia, 2018a), while the
birth rate per 1000 population is decreasing (2010: 10.9, 2017: 9.8)
(Statistical Office of the Republic of Slovenia, 2018a). Differences
in POI incidence across the geographical regions have been noticed but
so far have not been statistically confirmed. However, it is been suggested that they could be due to social and physical environmental factors (Geršak, 2016).
Aiming at laying the foundations for planning an evidence-based,
in-depth research plan of the problem, the objective of the present study
was to assess the geographical distribution of the POI burden in
Slovenia, with special reference to possible relationships with social
and physical environmental factors at the population level. In this process, we planned to use geographical mapping, which is a tool that has
already been shown to be effective in presenting health problems to
decision makers in Slovenia (Kukec et al., 2014a; Kukec et al.,
2014b).

The observed outcome indicator

N

The observed outcome was the presence of POI in a single woman,
while for the observed outcome indicator, the incidence rate of POI,
expressed according to the International Agency for Research on
Cancer (IARC) and registered according to Boyle et al. (1991) was
used as follows:
Eq. 1
where ‘IR’ is the incidence rate; ‘ΣNumber of new cases of POI’ the
total number of new cases of POI for each year (2003, 2004, .... 2013)
observed; and ‘ΣPerson-years at risk’ the total population on July, 1 at
regions in Slovenia observed for women aged 15-39 years these years.
For the calculations of POI incidence, the NIPHS Out-patient
Primary Level Healthcare Database (ZUBSTAT) (NIJZ, SUBSTAT, 2018) and the population data from the Statistical Office of
the Republic of Slovenia (2018b) were used. The inclusion criteria
were: cessation of menstrual cycle before 40 years of age and clin[page 110]

Methods of analysis

Differences in POI incidence between regions were tested by using
goodness-of-fit chi-square test. The Pearson correlation coefficient was
used to assess the ecological relationship between POI incidence and
selected indicators of social and physical environmental factors.
Mapping of POI incidence and environmental indicators, expressed as
at least statistical borderline relationship with POI incidence, was done
by using Geographical Information System (GIS) by ArcGIS v. 10.5.1
(ESRI, Redlands, CA, USA). In the process, the values of each indicator were graded using a 12-level scale (different shades of grey).
Additionally, numerical values of indicators were displayed on the
maps. All statistical analyses were made with SPSS 21.0 software
package (SPSS Inc., Chicago, IL, USA). A p-value of ≤0.05 was considered as statistically significant.
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Results

Description of units of observation

Table 1 shows the main demographic and socio-economic data for
the Slovenian regions for the year in 2016 (Statistical Office of the
Republic of Slovenia, 2018c), which are needed as background knowledge for the study of the geographical distribution of the POI burden in the
country.

POI incidence and prevalence of frequent consumption of soft drinks
(r=0.521, p=0.082), and median concentration of sum of polycyclic
aromatic hydrocarbons (PAHs) was on the border of statistical significance (r=0.426, p=0.167). The geographical distribution of these two
indicators by region is presented in Figure 3. The relationship between
POI incidence and the median zinc concentration (r=-0.100, p=0.758),
as well as the median copper concentration (r=-0.116, p=0.720), were
not statistically significant.

Premature ovarian insufficiency incidence
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The correlation analysis showed a statistically significant relationship at the population level between POI incidence and prevalence of
active smoking (r=0.812, p=0.001), prevalence of passive smoking
(r=0.670, p=0.017), and prevalence of consumption of vitamins (r=0.723, p=0.008). The geographical distribution of these indicators by
region is presented in Figure 2. The relationship between POI incidence
and prevalence of obesity was not statistically significant (r=0.057,
p=0.861).
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Premature ovarian insufficiency in relation to selected
social environmental indicators

y

In an 11-year timeframe, there were 1,034 newly discovered cases
of POI in Slovenia. For the entire observed period, the mean POI incidence rate in women aged 15-39 years was 28.0 per 100,000. The rate
varied considerably between the regions (Figure 1) with differences
statistically highly significant (p<0.001). Among the individual
regions, the highest mean POI incidence rate was in the CSSR region,
i.e. 6.9-times higher than in the UCSR region, which was the lowest
(Figure 1).
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Premature ovarian insufficiency and selected physical
environment indicators
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The correlation analysis showed no statistically significant relationship at the population level between POI incidence and selected
physical environment indicators. However, the relationship between

Figure 1. Incidence rate of premature ovarian insufficiency per
100,000 women aged from 15 to 39 years in the different regions
of the Republic of Slovenia 2003-2013. MUSR=Mura Region,
DRSR=Drava Region, CASR=Carinthia Region, SASR=Savinja
Region, CSSR=Central Sava Region, LSSR=Lower Sava Region,
SESR=Southeast Region, CESSR=Central Slovenia Region,
UCSR=Upper Carniola Region, ICKSR=Inner Carniola-Karst
Region, GOSR=Gorizia Region, CKSR=Coastal–Karst Region.

N

Table 1. Main demographic and socio-economic characteristics of Slovenian regions in 2016.
Region

Population

Total
increase*

Mean age
of the population
(years)

Registered
unemployment
rate (%)

Average
income**
(EUR)

Turnover of
enterprises***
(EUR)

MUSR
DRSR
CASR
SASR
CSSR
LSSR
SESR
CESSR
UCSR
ICKSR
GOSR
CKSR

115,818
321,493
71,010
254,824
57,466
75,694
142,672
537,893
203,654
52,593
117,931
113,193

-5.0
-1.6
-3.9
1.7
-2.1
-2.2
1.0
4.9
-0.1
1.1
-2.7
4.0

45.0
43.7
43.5
42.7
43.8
43.4
42.1
41.5
42.5
43.3
44.2
44.1

17.0
12.5
10.6
12.4
13.9
12.8
11.7
10.1
7.6
10.1
8.7
10.1

940
955
981
954
933
976
1,036
1,118
1,025
925
1,007
1,015

2,836,447
10,451,382
2,140,636
9,600,906
1,007,416
3,587,313
5,980,393
45,134,702
7,074,340
1,467,986
4,122,753
5,169,354

MUSR=Mura Region, DRSR=Drava Region, CASR=Carinthia Region, SASR=Savinja Region, CSSR=Central Sava Region, LSSR=Lower Sava Region, SESR=Southeast Region, CESSR=Central Slovenia Region,
UCSR=Upper Carniola Region, ICKSR=Inner Carniola-Karts Region, GOSR=Gorizia Region, CKSR=Coastal–Karst Region; *per 1,000 population; **monthly net earnings per person in paid employment; *** × 1,000.
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Our study showed clear important differences in POI incidence
between Slovenian regions. An association between POI incidence
and majority of considered environmental factors was also found
at the population level. Specifically, geographical analysis revealed
the CSSR region to have the highest POI incidence and to be among
the most unfavourable with respect to some environmental indicators,
for example passive smoking, consumption of soft drinks and concentration of polycyclic aromatic hydrocarbons, which were expressed as
significant or borderline significant relationship with POI incidence.
These outcomes were expected, as previous studies have found this
area problematic, both from the perspective of health (Eržen et al.,
2006; Kukec et al., 2014c) and that of environmental pollution (Bolte
et al., 2009). Moreover, our findings support to some extent the results
of the study of Eržen et al. (2006), which indicated the possibility of an
association between reproductive health outcomes and environmental
pollution.
Regarding the relationship between POI and environmental factors, comparisons with other studies can only be partial, as our study
was a population-level study, while others were done at the individual
level. Nevertheless, the results for the majority of indicators are in the
same direction. Among the social environmental factors, we found a
strong positive relationship at the ecological level between POI and
active as well as passive smoking. This is in line with previous studies
(Prospero et al., 2003; Yang et al., 2015; Hyland et al., 2016;
Whitcomb et al., 2018). Along with Kebapcilar et al. (2013) and
Purdue-Smithe et al. (2017), we found strong negative association
between POI and consumption of vitamins. On the other hand, we
found no ecological relationship with obesity (expressed as BMI),
which is in contrast to the results by Akahoshi et al. (2002) and Morris
et al. (2012), who concluded that the greater the BMI, the later the age
of menopause. Furthermore, no association between the POI incidence
and consumption of soft drinks, and POI incidence and concentration
of PAHs was found.
At the ecological level, we see that our results coincide roughly
with the results of research on relationship of POI and EDs like phthalates (Caserta et al., 2014; Vabre et al., 2017), bisphenol A (Iorio et
al., 2014 ; Caserta et al., 2014 ; Patel et al., 2015; Vabre et al., 2017),
and PAHs (Iorio et al., 2014). On the other hand, the association
between the trace substances zinc and copper in soil and POI incidence
found in this study was far from statistical significance, what is contrary to the results of other investigations at the individual level (Vabre
et al., 2017; Verma et al., 2018).
This study has some limitations. First, the population-based scale
might be a problem. However, from the public health perspective studies like these are crucial, as they provide evidence at a level which is
useful for the development of health policies, e.g., considering environmental health. Already more than two decades ago, the World Health
Organisation (WHO) stated the need for such studies as very important
for politicians (Briggs et al., 1996). Second, all the data used in this
study were only from the primary healthcare level, consequently, some
data were not taken into account, as in Slovenia women can choose
their personal gynaecologist also at secondary or tertiary level healthcare. However, this limitation could be considered as a minor, as the
vast majority of women choose their personal gynaecologist at primary
healthcare level, hence, the vast majority of POI diagnoses are set at
this level. Third, the regional affiliation of the study subjects was determined according to the location of the healthcare unit where the disease
was diagnosed and not according to the permanent residence of the
individual female patients. However, due to strict rules of regarding

exact geolocation of data that recently have been introduced into
Slovenian health databases, private addresses cannot be used. An attenuating circumstance is that women in Slovenia, in the vast majority,
choose their gynaecologist in the vicinity of their place of residence.
Fourth, only basic statistical methods were used in the analysis as
sophisticated statistical methods demand larger datasets to operate
accurately. If data from different databases could be accessed and prepared at the level of smaller spatial units, this would be possible.
Furthermore, adjusting for confounding factors was not taken into consideration in our analysis, which again could not have been done
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Figure 2. Geographical distribution of selected social environment indicators in women in reproductive age in the different
regions of the Republic of Slovenia. a) prevalence of active smoking; b) prevalence of passive smoking; c) prevalence of consumption of vitamins expressed in percent. MUSR=Mura Region,
DRSR=Drava Region, CASR=Carinthia Region, SASR=Savinja
Region, CSSR=Central Sava Region, LSSR=Lower Sava Region,
SESR=Southeast Region, CESSR=Central Slovenia Region,
UCSR=Upper Carniola Region, ICKSR=Inner Carniola-Karst
Region, GOSR=Gorizia Region, CKSR=Coastal-Karst Region.
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policies and strategies, which are an integral part of good public health
governance. WHO has been putting such activities in the forefront for
quite some time now (Kickbusch et al., 2012; Kickbusch et al., 2014).
Our study has led to the need to improve existing databases in the field
of health and environment in Slovenia. Ecological studies should provide information further expanding the reach of these databases that
could prove essential when linkage between different datasets is
attempted. Finally, it is felt that this study can serve as a model for
future research as this kind of studies in the area of POI were found in
the accessible literature.

Implication for public health
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The results of the present study have important implication for
public health in Slovenia. First, the results are directly applicable in
transforming existing public health measures in the CSSR region. One
of the fields of action is certainly smoking. According to data from subsequent CHMS studies (Zaletel et al., 2016), smoking among CSSR’s
adult population has been falling for some time since 2001, but has
been growing since 2012. We propose that information obtained in our
study, together with appropriate health promotion activities in this
socio-economic and demographically non-prosperous region, should
target the female adolescent population. We believe that POI is one of
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because of the small number of observed units. Indeed, this study was
launched to trigger/promote collection of larger environmental and
health datasets that would allow adjusting confounding factors. So far,
this is only possible in the case of CHMS indicators. Finally, despite the
collection of other important information, such as data on drinking
water quality and human biomonitoring, they could not be brought to
the level needed for each observed spatial unit. Therefore, the analysis
of physical environmental data included only data of soil contamination. Despite these limitations, this study must be deemed useful. Apart
from emphasizing and sustaining research on POI, the strength of this
study is that mapping has again been proved an effective tool in public
health and we provide evidence of the usefulness of GIS in the public
health field. GIS facilitates priority setting and analysis essential for
spatial research and presentations to decision-makers. It is also useful
for policy development and designing sustainable health care systems
which has also been pointed out other authors (Nykiforuk et al., 2011;
Taylor et al., 2012). That POI is on the national agenda in Slovenia
is an important health outcome from recently started project entitled
“An attempt to interpret the results of biomonitoring in conjunction
with data on environmental pollution” (Horvat et al., 2019). At present,
in its current form it offers some guidelines for designing/transforming
public health measures in the field of environment and health. The significance of such kind of research is to help triggering activities like

Figure 3. Geographical distribution of selected indicators of physical environment in women in reproductive age in the different regions
of the Republic of Slovenia. a) prevalence of frequent consumption of soft drinks given as a proxy indicator for exposure to endocrine
disrupters in plastic bottles; and b) prevalence of the median concentration of sum of polycyclic aromatic hydrocarbons (mg/kg soil).)
expressed in percent. MUSR=Mura Region, DRSR=Drava Region, CASR=Carinthia Region, SASR=Savinja Region, CSSR=Central Sava
Region, LSSR=Lower Sava Region, SESR=Southeast Region, CESSR=Central Slovenia Region, UCSR=Upper Carniola Region,
ICKSR=Inner Carniola-Karst Region, GOSR=Gorizia Region, CKSR=Coastal-Karst Region.
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The study has shown clearly evidence of existing important differences in POI incidence between Slovenian regions that might be
attributed to regional differences with respect to certain indicators of
social and physical environment. Mapping has again proved to be an
effective tool in public health, and our research presents an opportunity
for improvement of existing databases in the field of health and environment. The study should be seen as an attempt to diminish the burden
on POI incidence in Slovenia.
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the many important consequences of smoking, which particularly
affects young women more strongly than cancer, as this disease developed more slowly and is therefore known to be more frequent in older
age groups.
This study represents an opportunity for improvement of existing
databases in the field of health and environment making them available
for meaningful integration and thus more cost-effective. The findings
reported have an important implication for gynaecology in terms of
involvement of potential environmental factors when POI is suspected.
Therefore, an environmental history should be included as a part of
diagnostic process.
In the near future, all relevant databases with reference to human
biomonitoring (Perharič et al., 2012; Horvat et al., 2015a; Horvat et
al., 2015b), already in progress including quality data on drinking
water (Slovenian Environment Agency, 2018) should be operated in
a way enabling comprehensive information for understanding of the
relationship between various health outcomes and environmental factors. It is particularly important to determine the suitable spatial unit of
observation, which could be determined administratively, or on another
basis (Morgenstern, 1982). In our opinion, inclusion of geolocation
data into the existing health databases could be particularly useful.
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