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Abstract: This study was designed to characterize the spatial distribution of metformin medication
used as first-line monotherapy for prevention of T2DM in relationship with the socioeconomic
status (level of deprivation) and T2DM mortality at district level in a nationwide cross-sectional
ecological study for the first time in a European country, Hungary. Risk analysis was used to
estimate the relationships between socioeconomic status, characterized by tertiles of deprivation
index, and mortality caused by diabetes, and metformin medication (both prescription and re-
demption) for the years of 2018 and 2019 at the district level. The spatial distribution of districts
with a higher relative frequency of metformin prescriptions and redemptions showed a positive
correlation with socio-economic deprivation. Significant association between the relatively high
T2DM mortality and the highest level of deprivation could also be detected, but less-deprived
regions with high T2DM mortality and low metformin utilization could also be identified. Alt-
hough the statistical associations detected in this ecological study do not indicate a causal rela-
tionship, it is reasonable to suppose that the underuse of metformin medication may contribute to
the unfavourable T2DM mortality in certain regions. Our findings underline the need for more
effective preventive services including metformin medication to decrease T2DM morbidity and
mortality burden.

Keywords: socioeconomic status; metformin; redemption rate; preventive medication

1. Introduction

As the International Diabetes Federation (IDF) reports the number of people having
type 2 diabetes mellitus (T2DM) more than tripled over the past 20 years; presently about
463 million adults are diagnosed with T2DM worldwide and 11.4% of all cause deaths
are due to diabetes [1]. In addition to T2DM diagnosed in health care services the IDF
estimates that in 2019 about 373.9 million individuals (7.5% in the adult population) was
affected by prediabetes, a pathological condition characterized by impaired fasting glu-
cose and/or impaired glucose tolerance, which indicates severely increased risk or early
phase of the development of diabetes [2,3]. The rising incidence of T2DM across the
world [1] increases the importance of evidence for effective ways to prevent it. System-
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atic review and meta-analysis [4] on prevention of T2DM in obese at-risk subjects, as well
as the Cochrane Review on diet, physical activity or both for prevention or delay of
T2DM and its complications in people at increased risk of developing T2DM [5] con-
vincingly conclude that lifestyle change programs including body weight control and
regular moderate exercise can lower the risk for developing T2DM. Nevertheless, it is
generally accepted that if patients have not been able to control their prediabetes with
lifestyle modifications, these interventions should be complemented with preventive
medication [6]. Although prediabetes treatment is a subject of intense research and dis-
cussion, and many drugs have been found to be effective (as alpha-glucosidase inhibi-
tors, orlistat, valsartan, thiazolidinediones, etc.), metformin which increases insulin sen-
sitivity in the liver and skeletal muscles, delays or inhibits glucose absorption from the
gastrointestinal tract is unanimously recommended as the first-line oral treatment
[2,3,7,8]. Recommendations of the American Diabetes Association conclude that met-
formin has the strongest evidence base of pharmacological agents for diabetes prevention
[9,10], in harmony with previous [11] and most recent findings [12].

In 2002, the DPP (Diabetes Prevention Program) showed that lifestyle intervention
and metformin reduced the incidence of diabetes by 58% and 31%, respectively, com-
pared with placebo over 2.8 years [13]. Although the DPP-based guidelines are almost
generally accepted [14], in a retrospective cohort study Moin et al. demonstrated on a
large national sample of insured, working-age adults that only 3.7% of patients with
prediabetes were prescribed metformin over a three-year period (2010-2013). The prev-
alence of metformin prescription was higher (7.8%) among patients with a history of
gestational diabetes or a BMI greater than 35 kg/m?, their conclusion was that fewer than
1in 12 of patients, specifically identified by national guidelines, received metformin [15].

In a meta-narrative review Barry et al. pointed out that diabetes prevention pro-
grams neglect to consider the sociocultural environment in which affected people live
[16] and by this way probably deepen inequalities in access to public health services.
Regarding lifestyle modifying interventions against T2DM development Gray et al.
demonstrated that patients from socioeconomically deprived groups were less likely to
take up offers of these preventive measures [17]. In a qualitative study based on
semi-structured interviews with 23 prediabetic patients from the most deprived practices
of Sheffield (UK) it was showed that personal, social, and environmental factors hindered
people to make lifestyle changes [18]. It is reasonable to suppose that socioeconomic
factors may also have a reasonable effect on preventive medication with metformin, but
no studies addressing directly this issue can be found.

In our previous studies we have demonstrated that while early death caused by
cardiovascular diseases is in a strong positive correlation with socio-economic depriva-
tion, preventive medication shows the opposite relationship for statin therapy against
hypercholesterolaemia [19], for treatment with the new generation of antihypertensive
medicines [20], as well as for antithrombotic preventive medication [21].

The aim of our present investigation was to characterize the spatial distribution of
metformin medication used as first-line monotherapy for prevention of T2DM in rela-
tionship with the socioeconomic status (level of deprivation) and T2DM mortality at
district level in a nationwide cross-sectional study for the first time in a European coun-
try, Hungary. In addition to the description of the effect of socioeconomic status on pre-
ventive metformin medication results are expected to help in the identification of gaps in
preventive interventions which may contribute to the increased T2DM mortality in cer-
tain underserved regions.

2. Materials and Methods

In the present analysis the databases and methods used in our previous studies on
preventive medication with statins, antihypertensive and antithrombotic drugs [19-22]
were applied.
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2.1. Data Sources

Hungary is divided administratively into 19 counties and the capital city Budapest.
The counties are subdivided into 174 districts, while the capital Budapest into 23 districts.

The diabetes mellitus (ICD-10: E10-E14) mortality data at district level, for the years
of 2018 and 2019 were obtained from the Hungarian Central Statistical Office, whilst the
Central Office for Administrative and Electronic Public Services provided us population
records for districts. Both mortality and population data were stratified by five-year age
bands and sex.

The data of prescriptions for metformin and the data of redeemed metformin pre-
scriptions were obtained from the National Health Insurance Fund Administration of
Hungary for each primary healthcare practice for the entire years of 2018 and 2019.
Metformin prescriptions and redemptions were collected only for patients who received
metformin as monotherapy for prediabetes. The data were aggregated at district level
and stratified similarly to the mortality data (i.e., by five-year age bands and sex).

2.2. Deprivation Index (DI)

Area based, district level Deprivation Index (DI) values are available to provide in-
formation about socio-economic status for 2011, the year of the last census in Hungary.
The method for calculating DI was described previously [22] and successfully used in
several studies [19-26]. Briefly, calculation of DI is based on seven municipality level so-
cio-economic indicators (income, education level, unemployment rate, representation of
one-parent families, that of large families, density of housing and car ownership) and
was evaluated using the principal components analysis. The district and county level
deprivation were determined using the population weighted average of DI.

2.3. Methods Used to Analyse Mortality and Medication Data

Since the free choice of family physician is a standard in Hungary, and the detailed
population data and DI not available at practice level, reducing the misclassification risk
all data were aggregated into district and county level. The districts were arranged into
tertiles by DI, from the least deprived (tertile I) to the most deprived (tertile III).

Mortality data due to T2DM (ICD-10: E10-E14) for the 20+ age group for 2018 and
2019 combined were mapped at the district level, using hierarchical Bayesian-smoothed
indirectly standardized mortality ratios [27]. The frequency of metformin prescriptions
and redemptions in the 20+ age group for 2018-2019 was determined in relation to the
national average, and their ratios for compliance were also depicted using the rapid in-
quiry facility —RIF [28]. The relationship between mortality and metformin medication
with deprivation was defined by DI tertiles by applying the RIF. Chi-square tests for
homogeneity and trend analysis were also implemented to investigate associations.

3. Results
3.1. The Spatial Distribution of Mortality Due to T2DM in Relation with Deprivation

The geographical distribution of DI and mortality due to T2DM at district level in
Hungary is shown in Figure 1. The districts of highest mortality risk were found at the
southwestern (Somogy, Tolna, Baranya) and northeastern (Borsod-Abatj-Zemplén)
counties, as well as in an additional county (Fejér) located in the middle part of Hungary.

The majority of districts with the highest mortality risks seem to be localized in the
more deprived areas of the country, and this is supported by the results of the risk anal-
ysis showing a significant association between the relative mortality and deprivation.
The results of risk analysis showed a significant (no linear) association between the rela-
tive mortality due to T2DM and deprivation (x> homogeneity = 98.83, p = 0, 2 linearity =
23.56, p = 0). In comparison with the country average T2DM mortality risk was found
lower by approximately 6% in deprivation tertile I. (Relative Mortalityor 1: 0.939; CI:
0.902-0.978) and by 7.5% in deprivation tertile II (Relative Mortalitypri.: 0.925; confidence
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interval [CI]: 0.886-0.965). The mortality risk between tertiles I and II does not differ sig-
nificantly, while in the most deprived tertile (III) the risk of mortality was significantly,
by approximately 24% (Relative Mortalityprm.: 1.236 [1.178-1.296], higher than the coun-
try average (Table 1).

Although the relationship between T2DM mortality and socioeconomic deprivation
is not linear, T2DM mortality is significantly higher than the country average in the most
deprived areas.
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Figure 1. The territorial inequalities of deprivation (A) and mortality due to diabetes mellitus among people aged 20
years and over (B), at district level in Hungary, 2018-2019.

Table 1. The risk of mortality due to diabetes mellitus for 20-X age group at district level by dep-
rivation tertiles, compared to the national average mortality in Hungary, 2018-2019.

DI Tertiles Average Observed Relative Mortality [95% CI]
Cases/Year
I. (least deprived) 1157.5 0.939 [0.902-0.978]
I1. 1070.5 0.925 [0.886-0.965]
III. (most deprived) 850.5 1.236 [1.178-1.296]

3.2. Prescription, Redemption and Redemption Rates of Metformin in Relation with Deprivation

In Hungary, 1,720,137.5 metformin prescriptions were prescribed per year in 2018-
2019, and only 1,118,983.5, i.e., 65.1% of them (confidence interval (CI): 64.967-65.137)
was redeemed. The frequency of prescription was 20.901/100 persons (CI: 20.879-20.923)
and the frequency of redemption was 13.597/100 persons (CI: 13.579-13.615). These val-
ues served as reference in district/county level analysis.

The spatial distribution of districts with a higher relative frequency of metformin
prescriptions and redemptions showed similar pattern as territorial inequalities. The
frequency of prescription and redemption was higher in the northeastern, eastern and
southwestern parts of Hungary (Figure 2A,B). In these areas, a higher relative compliance
was found also (Figure 2C), while in the middle part of Hungary (Budapest (capital city),
Pest and Fejér counties) lower relative redemption rates were observed (Figure 2C). It is
noted that the districts with a lower relative redemption rates were showed like the ter-

ritorial inequalities of areas with a lower frequency of metformin prescription (Figure
2C).
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Figure 2. The territorial inequalities of relative frequency of prescription (A) and redeeming (B) of metformin and relative
redemption rate (relative compliance) (C) in Hungary, 2018-2019.

The risk analysis showed a significant positive linear association between relative
frequency of prescriptions, that of redemptions, as well as redemption rate of metformin
and deprivation (for prescription: x2 homogeneity = 40,610.63, p = 0, x2 linearity =
40,434.71, p = 0; for redemption: x2 homogeneity = 63,371.83, p =0, X2 linearity = 62,787.78,
p = 0; for redemption rate: x2 homogeneity = 8513.32, p = 0, X2 linearity = 7773.41, p = 0)
(Tables 2 and 3). In the areas with high deprivation (tertile III) 24.211 per 100 persons
metformin prescriptions were found, i.e., the relative prescription frequency was higher
than the national average by 16%. In the same tertile the frequency of redemptions was
17.297/100 persons, i.e., higher than national level by 27%, while the redemption rate was
71.5%, i.e., higher than national redemption rate by 10% (Tables 2 and 3).

In the less deprived areas the frequency of metformin prescription was lower than
the national average by 12% (18.376/100 persons), and that of the redemption by 17%
(11.303/100 persons), while the redemption rate by 5.5% (61.462/100 persons) (Tables 2
and 3).

In the most deprived areas the relative frequency of prescription, as well as that of
redemption for metformin was significantly higher than the country average values,
which indicate that higher T2DM mortality is not a consequence of less favourable pre-
ventive metformin medication and/or increased primary non-compliance, but other
deprivation-related factors exist behind it.
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Table 2. Relative frequency of prescription, redemption, and the relative redemption rate of metformin per 100 persons
aged 20+ years at district level by deprivation tertiles, compared to the national average, in Hungary, 2018-2019.

DI Tertiles
I. (Least Deprived) IL. IT1. (Most Deprived)
Average number of prescription/year 592,326.5 667,952 459,859
Relative frequency of prescription [95% CI] 0.88 [0.878-0.881] 1.027 [1.025-1.029] 1.16 [1.157-1.162]
Average number of redemption/year 364,427 426,139 328,417.5
Relative frequency of redemption [95% CI] 0.832 [0.83-0.834] 1.007 [1.005-1.009] 1.274 [1.27-1.277]
Relative redemption rate [95% CI] 0.945 [0.943-0.947] 0.981 [0.978-0.983] 1.099 [1.096-1.102]

Table 3. Frequency of prescription, redemption, and relative redemption rate of metformin by deprivation tertiles at
district level, in Hungary, 2018-2019.

DI Tertiles
I. (Least Deprived) II. II1. (Most Deprived)

Frequency of prescription
(per 100 persons aged 20+ years) [95% CI]
Frequency of redemption
(per 100 persons aged 20+ years) [95% CI]
Redemption rate (%) 61.462 [61.374-61.550] 63.784 [63.702-63.865] 71.485 [71.393-71.578]

18.376 [18.350-18.403] 21.466 [21.439-21.494] 24.211 [24.175-24.248]

11.303 [11.281-11.326] 13.696 [13.671-13.721] 17.297 [17.263-17.331]

3.3. Identification of Discrepancies in Metformin Preventive Medication Patterns among Counties
with Different Socio-Economic Status

To demonstrate the variation in the relationship between socioeconomic status and
T2DM mortality, as well as metformin medication, further analysis was carried out at
county level.

Some counties were found where the relative mortality risk and frequency of met-
formin prescription and redeeming, as well as redemption rate were found to be higher
than the national average, and these counties are localized in the most deprived region of
the country (e.g., Borsod-Abatij-Zemplén and Baranya counties). Contrarily, despite its
unfavourable socioeconomic status a single county with lower relative mortality risk and
lower metformin medication than the national average was also detected (Hajdu-Bihar
county). Furthermore, an area was identified among counties in the less deprived tertile
with significantly higher T2DM mortality, but with significantly lower relative metfor-
min medication (Fejér county and Eastern part of Tolna county —forming together a
cluster in the midwestern part of Hungary). In general, it can be accepted that so-
cio-economic deprivation is associated with increased T2DM mortality and higher level
of metformin utilization, but exceptions to this statistical correlation in both respects can
be identified (Table 4).

The above findings indicate that increased mortality caused by T2DM inde-
pendently of the socioeconomic status of the regions affected may relate to insufficient
preventive metformin medication.

Table 4. Relative mortality due to diabetes mellitus and relative frequency of the prescription and redemption, as well as
relative redemption rate of metformin of the population aged 20+ years, in selected counties of Hungary, 2018-2019.

Deprivati
County Relative Relative Frequency of Relative Frequency of Relative Redemption e;;:;:xlon
Mortalit Prescripti Redempti Rat
ortality rescription edemption ate (Tertile)
1.887 1177 1.258 1.068
Borsod-Abatj-Zemplé 834537 (1L
orsod-Abatj-Zemplén 1 /s 5 g [1.173-1.182] [1.252-1.264] [1.064-1.073] 0834537 (IIL)
1.532 1173 1.378 1174
Baranya [1.382-1.694] [1.167-1.179] [1.37-1.385] [1.167-1.181] 0.05541 (IIL)

0.883 0.99 0.975 0.986

Hajdu-Bihar [0.782-0.993] [0.985-0.994] [0.969-0.98] [0.98-0.991]

0.45887 (IIL.)
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4. Discussion

The latest analysis carried out by using the Global Burden of Disease (GBD) data-
base for 2017 [29] showed that age-standardized mortality caused by T2DM is signifi-
cantly higher (by 70%) in the Central European (CE) countries (11.0/100,000 population)
than in the Western European countries (7.7/100,000). The age-standardized death rate
for T2DM in Hungary is 25.81/100,000, i.e., more than double of the average of CE coun-
tries. Findings in our present study clearly indicate that in general T2DM mortality is
about 30% higher than the country average in the most deprived regions of the country,
but significantly higher mortality could be also observed in districts/counties among the
least deprived regions too. Our results in general are in good harmony with observations
in the U.S. from a nationally representative cohort study that low socio-economic status
indicated either by family income below poverty level or by low education level was
associated with a two-fold or higher mortality from T2DM [30], but findings representing
exemptions, i.e., clusters with high mortality in the less deprived regions, as well as low
mortality rates in highly deprived ones, suggest that other than socioeconomic sta-
tus-related factors may also contribute to the increased T2DM death rates.

In the present study a positive association between socioeconomic status and met-
formin medication could be detected. Former study on US prediabetes patients found
that metformin use did not vary by race, poverty-to-income ratio, or education [31], but
the prevalence of metformin medication among those with prediabetes was as low as
0.7%.

Among our results it should be highlighted that the spatial distribution of metfor-
min prescription and redemption only partially overlapped the districts/counties with
high T2DM mortality. Our findings suggest that although high T2DM mortality in the
most deprived regions cannot be linked neither with underuse of metformin medication
nor less favourable primary compliance (i.e., redemption of prescriptions), but districts
can be identified where the low metformin prescription/redemption rates are associated
with high T2DM mortality rates. Studies from the US suggest that only about half of the
family physicians have positive attitude towards prediabetes as a diagnostic construct
[32] and even if the academic family practitioners (clinicians) consider prediabetes
screening, diagnosis and management are important health issues, according to the elec-
tronic charts of the patients clinicians suggested most patients with prediabetes counsel-
ling on physical activity, but less than one third of them reported prescribing metformin
[33]. Similar study was not carried out among Hungarian general practitioners (GPs), but
on the basis of the results of our survey by the involvement of 34 Hungarian GPs it was
shown that in case of 64% of individuals registered in the GPs’ practices the regular
health check legally specified as once every three years (51/1997. Decree of the Ministry of
Welfare) was not completed. The fasting blood glucose measurement whose once every
two years frequency is also legally specified is performed only in 34% of practice clients.
It is reasonable to suppose that the missing financial incentives for prevention services in
primary care strongly hampers service provision regarding prediabetes screening as well
[34]. Although detailed guideline for practitioners on diabetes screening was published
by the Hungarian Diabetes Federation almost ten years ago [35], not simply the predia-
betes screening is insufficient, but even monitoring the achievement of fasting blood
glucose and HbAlc target values in case of diabetic patients is largely incomplete (pro-
portion of uncontrolled subjects was 43-45% in 2016) [36]. To improve prediabetes pri-
mary prevention, screening and management the concluding remark of the latest
Cochrane review analysed the results obtained in fifteen studies on the effect of preven-
tive medication with metformin in comparison with that of lifestyle modifying interven-
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tions against T2DM development: “When compared to standard diet and exercise met-
formin slightly reduces or delays development of diabetes.” [37]

The method we used in our present study to analyse the relationship between dep-
rivation and preventive medication in comparison with the mortality caused by the dis-
ease targeted can be applied not only to investigate the effect of socio-economic status on
different diseases and service provisions, but also to identify severe gaps between mor-
tality and services necessary to decrease morbidity and mortality related to diseases
examined. Regarding the relationship between socioeconomic status and metformin uti-
lization for T2DM prevention, as well as between T2DM mortality and preventive med-
ication by metformin no data are available in the literature. To the best of our knowledge,
our present study is the first comprehensive report on the association of socio-economic
deprivation and metformin medication in comparison with T2DM mortality figures on
the entire population of a country with very high T2DM mortality among European
countries. In addition to the description of the significant positive association between
deprivation and metformin utilization in general, gaps in preventive medication which
may be linked to T2DM mortality much over the country average are also identified.
However, some limitations need to be considered in the interpretation of our findings. In
our observational study with the methodology of cross-sectional and ecological studies,
the statistical associations detected do not indicate a causal relationship, and the rela-
tionships observed between deprivation and mortality, as well as deprivation and pre-
ventive medication at the population level, may not be linked with mortality and pre-
ventive medication in individuals [38]. It is worth mentioning among the limitations that
valid T2DM morbidity data at district level are not available in Hungary, so the spatial
distribution of morbidity burden caused by T2DM could not be considered. The high
prevalence of health behaviour risk factors (such as unhealthy nutrition, high consump-
tion of alcohol, physical inactivity) contributing to the development of T2DM is a severe
problem in Hungary [39,40] and these factors were unmeasured confounders in our
study. In addition, the deprivation index calculation is based on the last census (delivered
in 2011) data, while T2DM mortality and metformin utilization data are from the years of
2018 and 2019. Obviously as we move away from the year of the census the precision of
DI values might decrease, so this gap in time may result in some uncertainty in the in-
terpretation of DI values and their effects on any variables. As we described in connec-
tion with the development and introduction of DI [22] the indicators at the municipali-
ty/district level may become less appropriate over time as populations move and areas
change in character; a new census may provide information to update the required in-
dicators.

5. Conclusions

Deprivation was found to be a significant determinant of mortality due to T2DM in
Hungary that is in harmony with the literature. Although T2DM mortality is significantly
higher in the most deprived regions it cannot be simply linked neither with underuse of
metformin medication nor less favorable primary compliance. The method applied in
this study to assess the relationship between deprivation and preventive medication in
comparison with the mortality caused by a particular disease highlights re-
gions/populations with sufficient access to adequate treatment and white spots between
mortality and services necessary to decrease morbidity and mortality related to that dis-
ease. Although the statistical associations detected in this ecological study do not indicate
a causal relationship, it is reasonable to suppose that assessing the efficacy of preventive
services including preventive medication is the key to unlock better health outcomes and
healthcare performance.

Author Contributions: Conceptualization: RA,CN; methodology: C.N., A.J. P.P.; software: AJ.,
C.N.; validation: R.A,, G.P., Z.S,, J.D. and O.V; formal analysis: C.N., A.].; investigation: C.N., A.].;
data curation: C.N., A.].; writing—original draft preparation: C.N., A.J., O.V.; writing—review and



Int. J. Environ. Res. Public Health 2021, 18, 2206 9 of 10

editing: R.A.; visualization: C.N., A.].; supervision: RA,; project administration: RA; funding ac-
quisition: R.A. All authors have read and agreed to the published version of the manuscript.

Funding: This project was co-financed by European Regional Development Fund
(GINOP-2.3.2-15-2016-00005), as well as by the Hungarian Academy of Sciences (TK2016-78). Pro-
ject no. 135784 has also been implemented with the support provided from the National Research,
Development and Innovation Fund of Hungary, financed under the K_20 funding scheme.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Publicly available datasets were analyzed in this study. This data can
be requested from: Hungarian Central Statistical Office (http://www.ksh.hu/?lang=en); Tasks of the
National Health Insurance Fund of Hungary (http://www.neak.gov.hu/).

Acknowledgments: O.V. receives a fellowship from the Hungarian Academy of Sciences (Pre-
mium Postdoctoral Research Program).

Conlflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the man-
uscript; or in the decision to publish the results.

References

1.  International Diabetes Federation. Idf Diabetes Atlas. 9th ed.; International Diabetes Federation: Belgium, Brussels, 2019.

2. Khetan, A.K; Rajagopalan, S. Prediabetes. Can. . Cardiol 2018, 34, 615-623, d0i:10.1016/].Cjca.2017.12.030.

3.  Hostalek, U. Global Epidemiology Of Prediabetes—Present And Future Perspectives. Clin. Diabetes Endocrinol. 2019, 5, 5,
doi:10.1186/540842-019-0080-0.

4. Merlotti, C.; Morabito, A.; Ceriani, V.; Pontiroli, A.E. Prevention Of Type 2 Diabetes In Obese At-Risk Subjects: A Systematic
Review And Meta-Analysis. Acta Diabetol. 2014, 51, 853-863, d0i:10.1007/S00592-014-0624-9.

5. Hemmingsen, B.; Gimenez-Perez, G.; Mauricio, D.; Roqué, LF.M.; Metzendorf, M.L; Richter, B. Diet, Physical Activity Or Both
For Prevention Or Delay Of Type 2 Diabetes Mellitus And Its Associated Complications In People At Increased Risk Of
Developing Type 2 Diabetes Mellitus. Cochrane Database Syst. Rev. 2017, 12, Cd003054, d0i:10.1002/14651858.Cd003054.Pub4.

6. Tabdk, A.G.; Herder, C.; Rathmann, W.; Brunner, E.J.; Kiviméki, M. Prediabetes: A High-Risk State For Diabetes Development.
Lancet 2012, 379, 2279-2290, doi:10.1016/50140-6736(12)60283-9.

7. Bailey, C.J. Metformin: Historical Overview. Diabetologia 2017, 60, 1566-1576, doi:10.1007/500125-017-4318-Z.

8.  Hostalek, U.; Gwilt, M.; Hildemann, S. Therapeutic Use Of Metformin In Prediabetes And Diabetes Prevention. Drugs 2015, 75,
1071-1094, doi:10.1007/540265-015-0416-8.

9.  American Diabetes Association. Standards Of Medical Care In Diabetes—2014. Diabetes Care 2014, 37 (Suppl. 1), S14-S80,
doi:10.2337/Dc14-S014.

10. American Diabetes Association. Prevention Or Delay Of Type 2 Diabetes. Sec. 5. In Standards Of Medical Care In Diabetes.
Diabetes Care 2017, 40 (Suppl. 1), S44-547, doi:10.2337/Dc17-S008.

11. Rhee, M.K,; Herrick, K.; Ziemer, D.C.; Vaccarino, V.; Weintraub, W.S.; Narayan, K.M.; Kolm, P.; Twombly, J.G.; Phillips, L.S.
Many Americans Have Pre-Diabetes And Should Be Considered For Metformin Therapy. Diabetes Care 2010, 33, 49-54,
doi:10.2337/Dc09-0341.

12.  Botah-Oduro, O.; Talley, M.H. Evaluating Interventions To Delay The Progression Of Prediabetes To Type-2 Diabetes Mellitus
In An Uninsured Hispanic Population. J. Am. Assoc. Nurse Pract. 2020, doi:10.1097/Jxx.0000000000000444.

13. Knowler, W.C.; Barrett-Connor, E.; Fowler, S.E.; Hamman, R.F.; Lachin, J.M.; Walker, E.A.; Nathan, D.M. Reduction In The
Incidence Of Type 2 Diabetes With Lifestyle Intervention Or Metformin. N. Engl. ]. Med. 2002, 346, 393-403,
doi:10.1056/Nejmoa012512.

14. Aziz, Z.; Absetz, P.; Oldroyd, J.; Pronk, N.P.; Oldenburg, B. A Systematic Review Of Real-World Diabetes Prevention
Programs: Learnings From The Last 15 Years. Implement. Sci 2015, 10, 172, doi:10.1186/513012-015-0354-6.

15. Moin, T.; Li, J.; Duru, O.K,; Ettner, S.; Turk, N.; Keckhafer, A.; Ho, S.; Mangione, C.M. Metformin Prescription For Insured
Adults With Prediabetes From 2010 To 2012: A Retrospective Cohort Study. Ann. Intern. Med. 2015, 162, 542-548,
doi:10.7326/M14-1773.

16. Barry, E.; Greenhalgh, T.; Fahy, N. How Are Health-Related Behaviours Influenced By A Diagnosis Of Pre-Diabetes? A
Meta-Narrative Review. BMC Med. 2018, 16, 121, doi:10.1186/512916-018-1107-6.

17.  Gray, L.J.; Yates, T.; Troughton, J.; Khunti, K.; Davies, M.]. Engagement, Retention, And Progression To Type 2 Diabetes: A
Retrospective Analysis Of The Cluster-Randomised "Let's Prevent Diabetes" Trial. PLoS Med. 2016, 13, E1002078,
doi:10.1371/Journal.Pmed.1002078.

18. Twohig, H.; Hodges, V.; Hobbis, C.; Mitchell, C. Response To Diagnosis Of Pre-Diabetes In Socioeconomically Deprived

Areas: A Qualitative Study. BJGP Open 2019, 3, d0i:10.3399/Bjgpopen19x101661.



Int. J. Environ. Res. Public Health 2021, 18, 2206 10 of 10

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Boruzs, K.; Juhasz, A.; Nagy, C,; Adény, R.; Biro, K. Relationship Between Statin Utilization And Socioeconomic Deprivation
In Hungary. Front. Pharmacol. 2016, 7, 66, d0i:10.3389/Fphar.2016.00066.

Boruzs, K.; Juhasz, A; Nagy, C. Szabd, Z.; Jakovljevic, M.; Biro, K,; Adény, R. High Inequalities Associated With
Socioeconomic Deprivation In Cardiovascular Disease Burden And Antihypertensive Medication In Hungary. Front.
Pharmacol. 2018, 9, 839, doi:10.3389/Fphar.2018.00839.

Juhasz, A.; Nagy, C.; Varga, O.; Boruzs, K.; Csernoch, M.; Szabo, Z,; Adény, R. Antithrombotic Preventive Medication
Prescription Redemption And Socioeconomic Status In Hungary In 2016: A Cross-Sectional Study. Int. |. Environ. Res. Public
Health 2020, 17, doi:10.3390/Ijerph17186855.

Juhasz, A.; Nagy, C.; Paldy, A.; Beale, L. Development Of A Deprivation Index And Its Relation To Premature Mortality Due
To Diseases Of The Circulatory System In Hungary, 1998-2004. Soc. Sci. Med. 2010, 70, 1342-1349,
doi:10.1016/].Socscimed.2010.01.024.

Nagy, C.; Juhasz, A.; Papp, Z.; Beale, L. Hierarchical Spatio-Temporal Mapping Of Premature Mortality Due To Alcoholic
Liver Disease In Hungary, 2005-2010. Eur. ]. Public Health 2013, 24, 827-833, d0i:10.1093/Eurpub/Ckt169.

Nagy, C.; Juhasz, A.; Beale, L.; Paldy, A. Mortality Amenable To Health Care And Its Relation To Socio-Economic Status In
Hungary, 2004-2008. Eur. ]. Public Health 2012, 22, 620-624, doi:10.1093/Eurpub/Ckr143.

Jakab, Z.; Juhasz, A.; Nagy, C.; Schuler, D.; Garami, M. Trends And Territorial Inequalities Of Incidence And Survival Of
Childhood Leukaemia And Their Relations To Socioeconomic Status In Hungary, 1971-2015. Eur. ]. Cancer Prev. 2017, 26,
5183-5190, doi:10.1097/Cej.0000000000000386.

Papp, M.; Kérosi, L.; Sandor, J.; Nagy, C.; Juhasz, A, Adény, R. Workforce Crisis In Primary Healthcare Worldwide:
Hungarian Example In A Longitudinal Follow-Up Study. BM] Open 2019, 9, E024957, d0i:10.1136/Bmjopen-2018-024957.
Besag, J.; York, J.; Mollié, A. Bayesian Image Restoration, With Two Applications In Spatial Statistics. Ann. Inst. Stat. Math.
1991, 43, 1-20, doi:10.1007/Bf00116466.

Beale, L.; Hodgson, S.; Abellan, J.J.; Lefevre, S.; Jarup, L. Evaluation Of Spatial Relationships Between Health And The
Environment: The Rapid Inquiry Facility. Environ. Health Perspect. 2010, 118, 1306-1312, doi:10.1289/Ehp.0901849.

Lin, X,; Xu, Y.; Pan, X,; Xu, J.; Ding, Y.; Sun, X,; Song, X.; Ren, Y.; Shan, P.F. Global, Regional, And National Burden And
Trend Of Diabetes In 195 Countries And Territories: An Analysis From 1990 To 2025. Sci. Rep. 2020, 10, 14790,
doi:10.1038/541598-020-71908-9.

Saydah, S.; Lochner, K. Socioeconomic Status And Risk Of Diabetes-Related Mortality In The U.S. Public Health Rep. 2010, 125,
377-388, d0i:10.1177/003335491012500306.

Tseng, E.; Yeh, H.C.; Maruthur, N.M. Metformin Use In Prediabetes Among U.S. Adults, 2005-2012. Diabetes Care 2017, 40,
887-893, d0i:10.2337/Dc16-1509.

Mainous, A.G., 3rd; Tanner, R.J.; Scuderi, C.B.; Porter, M.; Carek, P.J. Prediabetes Screening And Treatment In Diabetes
Prevention: The Impact Of Physician Attitudes. J. Am. Board Fam. Med. 2016, 29, 663671, d0i:10.3122/Jabfm.2016.06.160138.
Keck, J.W.; Thomas, A.R.; Hieronymus, L.; Roper, K.L. Prediabetes Knowledge, Attitudes, And Practices At An Academic
Family Medicine Practice. J. Am. Board Fam. Med. 2019, 32, 505-512, d0i:10.3122/Jabfm.2019.04.180375.

Sandor, J.; Késa, K.; Papp, M,; Fiirjes, G.; K8rosi, L.; Jakovljevic, M.; Adény, R. Capitation-Based Financing Hampers The
Provision Of Preventive Services In Primary Health Care. Front. Public Health 2016, 4, 200, doi:10.3389/Fpubh.2016.00200.
Jermendy, G.; Hidvégi, T.; Vandorfi, G.; Winkler, G. [Screening For Type 2 Diabetes And Prediabetes--Methodological
Concerns And Feasibility In Hungary]. Orv. Hetil. 2010, 151, 683-690, d0i:10.1556/Oh.2010.28818.

Nagy, A.; Kovacs, N.; Palinkas, A.; Sipos, V.; Vincze, F.; Sz6ll6si, G.; Adény, R.; Czifra, A.; Sandor, J. Improvement In Quality
Of Care For Patients With Type 2 Diabetes In Hungary Between 2008 And 2016: Results From Two Population-Based
Representative Surveys. Diabetes Ther. 2019, 10, 757-763, doi:10.1007/513300-019-0582-X.

Madsen, K.S.; Chi, Y.; Metzendorf, M.I; Richter, B.; Hemmingsen, B. Metformin For Prevention Or Delay Of Type 2 Diabetes
Mellitus And Its Associated Complications In Persons At Increased Risk For The Development Of Type 2 Diabetes Mellitus.
Cochrane Database Syst. Rev. 2019, 12, Cd008558, doi:10.1002/14651858.Cd008558.Pub2.

Morgenstern, H. Ecologic Studies In Epidemiology: Concepts, Principles, And Methods. Annu. Rev. Public Health 1995, 16, 61—
81, doi:10.1146/Annurev.Pu.16.050195.000425.

Adény, R.; Piké, P.; Fiatal, S.; Kdsa, Z.; Sandor, J.; Biro, E.; Késa, K.; Paragh, G.; Bacsné Baba, E.; Veres-Balajti, I.; et al.
Prevalence Of Insulin Resistance In The Hungarian General And Roma Populations As Defined By Using Data Generated In
A Complex Health (Interview And Examination) Survey. Int. ]. Environ. Res. Public Health 2020, 17, doi:10.3390/Ijerph17134833.
Llanaj, E; Vincze, F.; Kdsa, Z.; Sandor, J.; Didszegi, J.; Ada'ny, R. Dietary Profile And Nutritional Status Of The Roma
Population Living In Segregated Colonies In Northeast Hungary. Nutrients 2020, 12, doi:10.3390/Nu12092836.



