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Abstract: The implementation of monitoring for general medical practice (GMP) can contribute to 

improving the quality of diabetes mellitus (DM) care. Our study aimed to describe the associations 

of DM care performance indicators with the structural characteristics of GMPs and the socioeco-

nomic status (SES) of patients. Using data from 2018 covering the whole country, GMP-specific in-

dicators standardized by patient age, sex, and eligibility for exemption certificates were computed 

for adults. Linear regression models were applied to evaluate the relationships between 

GMP-specific parameters (list size, residence type, geographical location, general practitioner (GP) 

vacancy and their age) and patient SES (education, employment, proportion of Roma adults, 

housing density) and DM care indicators. Patients received 58.64% of the required medical inter-

ventions. A lower level of education (hemoglobin A1c test: β = −0.108; ophthalmic examination: β = 

−0.100; serum creatinine test: β = −0.103; and serum lipid status test: β = −0.108) and large GMP size 

(hemoglobin A1c test: β = −0.068; ophthalmological examination β = −0.031; serum creatinine 

measurement β = −0.053; influenza immunization β = −0.040; and serum lipid status test β = −0.068) 

were associated with poor indicators. A GP age older than 65 years was associated with lower 

indicators (hemoglobin A1c test: β = −0.082; serum creatinine measurement: β = −0.086; serum lipid 

status test: β = −0.082; and influenza immunization: β = −0.032). Overall, the GMP-level DM care 

indicators were significantly influenced by GMP characteristics and patient SES. Therefore, proper 

diabetes care monitoring for the personal achievements of GPs should involve the application of 

adjusted performance indicators. 

Keywords: primary care; diabetes mellitus; performance indicators; patient characteristics; general 

medical practice characteristics; monitoring 

 

1. Introduction 

According to the International Diabetes Federation, 537 million people were diag-

nosed with diabetes mellitus (DM) worldwide in 2021, and this figure is expected to 

increase to 643 million by 2030 [1]. DM affected 9.1% of Hungary’s population in 2021, 

representing 661,400 people suffering from this disease [1]. DM can effectuate micro- and 

macrovascular complications, such as late-stage renal failure, blindness, neuropathy, 

lower-limb amputation, stroke, and myocardial infarction [2], imposing enormous social 

and economic burdens beyond direct health losses. DM care is mainly provided by pri-
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mary health care providers [3], and patients achieve be�er health outcomes with strong 

primary care [4]. This is mainly due to the efficient delivery of high-quality care with 

reduced inequalities. One effective management method is glycemic control, as it reduces 

the risk of retinopathy and nephropathy [5,6]. Similarly, stringent blood pressure control 

potentially reduces the mortality rate of DM-related complications [7]. 

In England, the pay-for-performance (P4P) program has been implemented as a 

strategic instrument for improving health care quality in several countries. The National 

Health Service’s (NHS) Quality and Outcomes Framework (QOF) is one of the best P4P 

systems [8,9]. The QOF developed crude clinical indicators, created by the National In-

stitute for Health and Care Excellence (NICE), based on evidence-based indicators for 

DM care. Additionally, the QOF utilizes financial incentives to encourage adherence to 

increase the possibility of thriving worldwide [10–12]. DM performance indicators are 

designed to identify areas for advancement, establishing priorities for higher quality, 

general support, development and benchmark performance, and monitoring [11–13]. 

Moreover, increasing the quality of treatment has improved DM management [14,15]. 

Additionally, the Carr‒Hill allocation formula was introduced to ensure a smooth fund 

flow for patients’ special needs [16]. The European Best Information through Regional 

Outcomes in Diabetes (EUBIROD) project included 53 comprehensive indicators of DM 

care and measured quality of care and outcomes [17,18]. 

The National Health Insurance Fund (NHIF) in Hungary established a nationally 

integrated system of GMP-level indicators and a P4P system. This monitoring tool con-

sists of only two DM indicators, hemoglobin A1C testing and ophthalmological investi-

gation frequency, which are assessed at the GMP level [12]. The NHIF is the only entity in 

Hungary that covers the whole country. The overwhelming majority of Hungarian GPs 

work in their own solo practice with one nurse. Their service is free of charge for patients. 

Each GMP is monitored for performance by the NHIF. DM monitoring at the level of 

primary care is of high importance in Hungary because DM care is mainly managed by 

the GP from the screening and diagnosis, through the supporting of lifestyle rationaliza-

tion, to the reference of patients for laboratory and clinical investigations. 

According to a recent investigation, DM care in Hungary has improved in respect of 

glycemic control (11.53%), diastolic blood pressure (6.26%), and total cholesterol (6.06%) 

therapeutic target achievement. This improvement was more pronounced among pa-

tients with a higher level of education [19]. On the other hand, overall primary care was 

classified as weak in the European se�ing with respect to governance, coordination, and 

comprehensiveness in Hungary [20]. However, no studies have been conducted at the 

national level to investigate the quality of DM care by an extended set of indicators. This 

area of high concern has been continually ignored, and an extended set of indicators is 

not computed regularly for routine statistics. It can be inferred that GMP-level monitor-

ing in Hungary is far from successful and cannot contribute properly to improving the 

quality of DM care. 

The aims of this study were (1) to establish an extended GMP-level indicator set for 

DM care quality in Hungary and (2) to determine associations of indicators with the 

characteristics of GMPs in order (3) to formulate recommendations for P4P scheme im-

provement. 

2. Materials and Methods 

2.1. Se�ings 

This study was a secondary database analysis. The database built up in the NHIF to 

evaluate the achievements of a primary care development pilot program implemented 

from 2012 to 2017 was utilized in our analysis [21,22]. 

DM patients were defined using the operational definition of the NHIF by at least 4 

redemptions of DM medicines in a year. In our cross-sectional study, all GMPs in Hun-

gary (4784 GMPs) providing care for adults exclusively or for adults and children were 
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studied from April 2017 to March 2018. The data required for assessing indicators (pa-

tient characteristics and GMP structural parameters) were retrieved from the NHIF’s in-

tegrated information system. NHIF is the national institution that contracts with each 

GMP of Hungary. The Hungarian Central Statistical Office (HCSO) provided the SES 

data from the 2011 Hungarian Census (the last census before the study period). 

2.2. Explanatory Variables 

GMP structural characteristics were determined by the number of patients receiving 

GMP care (list size categories: ≤800, 801–1200, 1201–1600, 1601–2000, and ≥2001), status of 

GP vacancy (distinguishing GMPs managed by temporary GPs with limited time availa-

bility and permanent positions with contracted GPs with continuous availability), type of 

residence (urban, rural), age of GP (<65 or 65 ≥ years), type of GMP by patients provided 

(making a distinction between GMPs for adults only and GMPs both for adults and for 

children as mixed), and the county of GMPs. 

The GMP-level SES indicators were based on census data as the Carstairs index and 

the Townsend deprivation scores were computed in the UK [23,24]. 

The number of years of school a�endance among inhabitants aged at least 7 years 

was determined for each type of residence. The expected number of years of school 

a�endance was calculated using national age- and sex-specific reference values and the 

demographic data of the residential areas. The indirectly standardized age- and 

sex-adjusted relative level of education (srEDU) were computed for areas of residence. 

The se�lement-specific employment ratio was standardized by age and sex to 

compute the standardized relative employment ratio (srEMP). The expected numbers for 

each area of residence were calculated using the age- and sex-specific national reference 

employment ratios (over the age of 15) and se�lement data by demographic stratum. 

The crowding index for each area of residence was calculated as the number of oc-

cupants over the number of rooms in the area. The average Hungarian crowding index 

was used to determine the residence-specific relative housing density (rHD). 

The only significant ethnic minority of Hungary is the Roma. The relative Roma 

proportion (rRP) for an area of residence was defined as the proportion of self-declared 

Roma individuals in an area divided by the population share of self-declared Roma in-

dividuals in Hungary. 

Some GMPs provide care for adults living in different areas. Therefore, the weighted 

average of the area-specific SES indicators was computed to determine the GMP-specific 

standardized SES indicators using the area of residence distribution of adults belonging 

to a GMP. The GMP-specific SES indicators were sorted into tertiles. 

2.3. Outcome Variables: DM Care Quality Indicators 

The EUBIROD process indicators were taken into consideration [17,18]. Because 

data for microalbuminuria and blood pressure assessment and foot examinations are not 

registered properly in the NHIF system, a restricted set of indicators could be investi-

gated. The seven (two a part of the routine monitoring system, five newly developed 

based on the data availability in NHIF) indicators assessed were the proportion of DM 

patients who underwent hemoglobin A1c testing, ophthalmological examination, serum 

creatinine measurement, and serum lipid status measurement; the prevalence of DM pa-

tients among individuals aged 40–54 years and among individuals aged 55–69 years (the 

same age groups are used in the NHIF P4P system to monitor hypertension prevalence); 

and the proportion of diabetes patients under 65 years of age who were vaccinated 

against influenza (Table 1). 
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Table 1. Definitions of the quality of DM care indicators. 

 Indicator Name Target Group Indicator Definition 

Process indicators 

HemoglobinA1c 

testing 

Primary health care patients 

with DM 

Proportion of diabetics who were involved in hemoglobin 

A1c testing (at least once in previous 12 months) 

Ophthalmologi-

cal examination 

Primary health care patients 

with DM 

Proportion of diabetics who participated in an ophthalmo-

logical examination (at least once in previous 12 months) 

Serum creatinine 

check 

Primary health care patients 

with DM 

Proportion of diabetic patients who participated in a serum 

creatinine determination (at least once in previous 12 months) 

Influenza vac-

cination 

Primary health care patients 

with DM under 65 years old 

Proportion of diabetic patients under 65 years of age who 

were vaccinated against influenza 

Lipid status 

checking 

Primary health care patients 

with DM 

Proportion of diabetics who participated in a serum lipid 

status test (at least once in previous 12 months) 

Prevalence indicators 

DM patients 

aged 40–54 years 

40–54-years-old primary 

health care patients with DM 

Proportion of diabetic patients, aged 40–54 years, who re-

deemed a diabetic medicine at least 4 times in the previous 12 

months 

DM patients 

aged 55–69 years 

55–69-years-old primary 

health care patient with DM 

Proportion of diabetic patients, aged 55–69 years, who re-

deemed a diabetic medicine at least 4 times in the previous 12 

months 

Because the sociodemographic status of patients influences the equality of DM care 

[12], GMP-specific DM care indicators were indirectly standardized by age group (18–19, 

20–24, 25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64, 70–74, 75–79, 80–84, 85–89, 

and 90≤), sex, and eligibility for exemption certificates (issued by the local municipalities 

for patients with disadvantaged social status and with chronic disease to ensure 

free-of-charge access to medicines). The national stratum-specific reference values and 

the demographic composition of the population provided by a GMP resulted in the ex-

pected number of GMPs. The indirect standardized ratios (ISRs) were calculated for each 

indicator and for each GMP. 

2.4. Statistical Analysis 

The ISRs were transformed by an empirical Bayes adjustment to address the prob-

lem of the low number of observed cases [25]. Then, the empirical Bayes-adjusted ISRs 

were normalized (nISRs) using the two-step Box–Cox method [26,27]. Multivariable lin-

ear regression models were applied to evaluate the relationship between GMP charac-

teristics and transformed diabetes indicators (nISRs). Standardized linear regression 

coefficients (β) and their corresponding 95% confidence intervals (95% CI) were calcu-

lated. PASW Statistics (version 18.0, SPSS Inc., Chicago, IL, USA) was used for the analy-

sis. 

3. Results 

3.1. Descriptive Statistics 

In this study, 4784 GMPs and 516,052 DM patients were investigated. The mean (± 

standard deviation, SD) age of the DM patients was 65.73 (±12.37). The male/female ratio 

was 1.11. An exemption certificate was issued for 8.34% of the DM patients (n = 43,064). 

The average length of education among at least 7-years-old persons was 10.7 years. A 

total of 46.44% of the 15-year-old population was employed. The average number of 

people occupying one room was 1.08. A total of 3.10% of the population self-reported 

being Roma. Most of the studied GMPs were rural (66.3%), and the proportion of GMPs 

with vacant GP positions was 3.70%. The most common category by list size was 1201–

1600 patients (32.0%). The majority (77.89%) of the GPs were less than 65 years (Table 2). 
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Table 2. Characteristics of the investigated general medical practices (GMPs) and patients with 

diabetes mellitus (DM). 

Structural Characteristics of the GMP Categories 
GMP DM Patients 

N Percentage N Percentage 

Settlement type 
Rural 3172 66.30% 365,381 70.80% 

Urban 1612 33.70% 150,671 29.20% 

GMP list size 

<800 153 3.00% 7207 1.40% 

801–1200 655 14.00% 45,335 8.78% 

1201–1600 1522 32.00% 142,544 27.62% 

1601–2000 1504 31.00% 178,537 34.60% 

>2000 950 20.00% 142,429 27.60% 

GP vacancy 
Filled 4608 96.30% 503,713 97.60% 

Vacant 176 3.70% 12,339 2.40% 

GMP type 
Adult 3317 69.00% 385,372 74.68% 

Mixed 1467 31.00% 130,680 25.32% 

Age of GP (years) 
<65 1019 22.11% 103,895 20.12% 

≥65 3589 77.89% 399,818 77.48% 

County 

Baranya 207 4.33% 21,458 4.15% 

Bács-Kiskun 256 5.35% 27,720 5.37% 

Békés 187 3.91% 19,939 3.86% 

Borsod-Abaúj-Zemplén 370 7.73% 35,345 6.85% 

Csongrád 204 4.26% 18,907 3.66% 

Fejér 194 4.06% 22,576 4.37% 

Győr-Moson-Sopron 202 4.22% 23,251 4.51% 

Hajdú-Bihar 242 5.06% 25,993 5.04% 

Heves 160 3.34% 16,616 3.22% 

Komárom-Esztergom 141 2.95% 16,105 3.12% 

Nógrád 109 2.28% 10,537 2.04% 

Pest 466 9.74% 61,273 11.87% 

Somogy 172 3.60% 18,934 3.67% 

Szabolcs-Szatmár-Bereg 265 5.54% 28,431 5.50% 

Jász-Nagykun-Szolnok 192 4.01% 21,118 4.10% 

Tolna 119 2.49% 14,144 2.74% 

Vas 133 2.78% 14,551 2.82% 

Veszprém 164 3.43% 18,889 3.66% 

Zala 141 2.95% 14,868 2.90% 

Budapest 860 17.98% 85,397 16.55% 

Total  4784 100% 516,052 100% 

The prevalence of DM was 3.33% among adults aged 40–54 years (67,942 DM pa-

tients/2,042,573 adults) and 12.65% among those aged 55–69 years (225,816 DM pa-

tients/1,785,514 adults). Furthermore, in 2018, our study revealed that 58.64% of the DM 

patients required medical interventions. A total of 86.18% of patients had serum creati-

nine testing, while only 12.89% had received an influenza vaccine. Hemoglobin A1c 

testing, an ophthalmological examination, and blood fat testing were performed on 

78.05%, 38.03%, and 78.05% of patients, respectively (Detailed descriptive statistics are 

summarized in Appendix A Table A1). 

The distributions of the nISRs are presented as histograms in Appendix A (Figure 

A1a–g). 

According to the bivariate analyzes, each indicator was reduced in GMPs with a GP 

aged over 65. The process indicators were in an inverse relationship with the list size. 

Similar associations were observed for a low level of education and for rurality (apart 

from the influenza vaccination coverage). The prevalence of DM was lower among pa-
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tients with an urban residential place, higher level of education, being employed, and 

living in less crowded households. (Appendix A Table A2) 

3.2. Linear Regression Modeling 

The regression models demonstrated that both patient and GMP characteristics had 

significant impacts on each indicator (Table 3). 

According to the standardized regression coefficients, a low level of education was 

the strongest determinant for each process indicator (βHbA1c test = −0.108, 95% CI = −0.153 to 

−0.063; βophthalmolgic examination = −0.100, 95% CI = −0.142 to −0.057; βserum creatinine test = −0.103, 95% CI 

= −0.148 to −0.058; βserum lipid testing = −0.108, 95% CI = −0.153 to −0.063) in addition to influenza 

vaccination, and a high level was the strongest determinant for both prevalence indica-

tors (β40–54 years = −0.176, 95% CI = −0.222 to −0.131; β55–69 years = −0.139, 95% CI = −0.185 to 

−0.093). 

The second most important determinant of the process indicators was a GP age 

older than 65 years (βHbA1c test = −0.082, 95% CI = −0.110 to −0.055; βserum creatinine test = −0.086, 

95% CI = −0.113 to −0.058; and βserum lipid test = −0.082, 95% CI= −0.110 to −0.055). 

A higher employment ratio seemed to protect against DM prevalence in both stud-

ied age groups (β40–54 years = −0.067, 95% CI: −0.115 to −0.020; β55–69 years = −0.111, 95% CI: 

−0.159 to −0.063). In the case of influenza vaccination, the employment ratio (βlow/medium = 

0.056, 95% CI: 0.008 to 0.104) and the GMP type (βadult/mixed = −0.057, 95% CI: −0.107 to 

−0.007) were the two strongest risk factors. 

A higher prevalence of DM was associated with a higher housing density. Housing 

density was the second strongest determinant of an ophthalmologic examination 

(βlow/medium = −0.084, 95% CI: −0.126 to −0.043), but its effect was not proportional (βhigh/medium = 

−0.038, 95% CI: −0.074 to −0.002). 

The only observed significant impact of GP vacancy and the proportion of Roma 

individuals was a decrease in influenza vaccination (βGP vacancy = −0.053, 95% CI: −0.083 to 

−0.022; βlow Roma proportion = 0.051, 95% CI: −0.006 to 0.096). 

Urbanization had a similar but weaker effect on each studied indicator than educa-

tion level. Our models demonstrated the worsening impact of a large list size on the 

process indicators. Among the adult GMPs, more laboratory investigation-based process 

indicators (HbA1c, serum creatinine, and lipid status) were detected than among the 

mixed GMPs. 

The geographical inequality described by the regression models was large for each 

DM care indicator. (All the regression models with county-specific regression coefficients 

are presented in Appendix A Table A3). 
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Table 3. Associations between the structural characteristics and socioeconomic status indicators of GMPs and standardized DM care indicators according to 

standardized regression coefficients from multivariable linear regression analyses and their corresponding 95% confidence intervals. 

  
Process Indicators DM Prevalence 

HemoglobinA1c Testing Ophthalmological Examination Serum Creatinine Testing Serum Lipid Status Testing Influenza Vaccination Among 40–54-Years-Old Among 55–69-Years-Old 

GMP characteristics               

GMP type (adult/mixed) 0.069 [0.021; 0.117] 0.017 [−0.029; 0.062] 0.084 [0.035; 0.132] 0.069 [0.021; 0.117] −0.057 [−0.107; −0.007] −0.025 [−0.072; 0.023] 0.022 [−0.026; 0.070] 

Settlement type (urban/rural) 0.059 [0.010; 0.108] 0.048 [0.001; 0.094] 0.075 [0.026; 0.125] 0.059 [0.010; 0.108] −0.007 [−0.058; 0.045] −0.058 [−0.107; −0.009] −0.072 [−0.121; −0.023] 

GP (vacancy/ age < 65) 0.000 [−0.029; 0.029] 0.013 [−0.014; 0.041] 0.014 [−0.015; 0.044] 0.000 [−0.029, 0.029] −0.053 [−0.083; −0.022] 0.012 [−0.017; 0.041] 0.000 [−0.030; 0.029] 

GP (age ≥ 65X/age < 65) −0.082 [−0.110; −0.055] −0.025 [−0.051; 0.001] −0.086 [−0.113; −0.058] −0.082 [−0.110; −0.055] −0.032 [−0.060; −0.003] −0.036 [−0.063; −0.009] −0.050 [−0.078; −0.023] 

List size (≤800/1201–1600) −0.009 [−0.038; 0.021] −0.037 [−0.064; −0.009] −0.007 [−0.037; 0.022] −0.008 [−0.038; 0.021] 0.009 [−0.021; 0.040] −0.017 [−0.046; 0.012] −0.017 [−0.047; 0.012] 

List size (801–1200/1201–1600) −0.019 [−0.049; 0.011] −0.001 [−0.029; 0.028] −0.017 [−0.047; 0.014] −0.019 [−0.049; 0.011] 0.003 [−0.028; 0.035] −0.021 [−0.051; 0.009] −0.015 [−0.045; 0.015] 

List size (1601–2000/1201–1600) −0.017 [−0.048; 0.015] −0.031 [−0.061; −0.001] −0.001 [−0.033; 0.030] −0.017 [−0.048; 0.015] −0.016 [−0.049; 0.017] 0.014 [−0.017; 0.046] 0.016 [−0.016; 0.047] 

List size (>2000/1201–1600) −0.068 [−0.100; −0.036] −0.031 [−0.061; −0.001] −0.053 [−0.085; −0.021] −0.068 [−0.100; −0.036] −0.040 [−0.074; −0.007] 0.003 [−0.029; 0.035] 0.006 [−0.026; 0.038] 

Patient characteristics               

Level of education (low/medium) −0.108 [−0.153; −0.063] −0.100 [−0.142; −0.057] −0.103 [−0.148; −0.058] −0.108 [−0.153; −0.063] −0.005 [−0.051; 0.042] 0.048 [0.004; 0.093] 0.019 [−0.026; 0.063] 

Level of education (high/medium) 0.048 [0.002; 0.094] 0.036 [−0.007; 0.079] 0.036 [−0.010; 0.082] 0.048 [0.002; 0.094] 0.039 [−0.009; 0.087] −0.176 [−0.222; −0.131] −0.139 [−0.185; −0.093] 

Employment ratio (low/medium) −0.018 [−0.064; 0.028] −0.018 [−0.061; 0.026] −0.014 [−0.061; 0.032] −0.018 [−0.064; 0.028] 0.056 [0.008; 0.104] 0.051 [0.005; 0.097] 0.061 [0.015; 0.107] 

Employment ratio (high/medium) 0.002 [−0.046; 0.050] 0.030 [−0.016; 0.075] −0.024 [−0.072; 0.025] 0.002 [−0.046; 0.050] 0.009 [−0.041; 0.059] −0.067 [−0.115; −0.020] −0.111 [−0.159; −0.063] 

Housing density (low/medium) 0.041 [−0.003; 0.084] −0.084 [−0.126; −0.043] 0.018 [−0.025; 0.062] 0.040 [−0.003; 0.084] −0.001 [−0.046; 0.045] −0.056 [−0.099; −0.013] −0.049 [−0.092; −0.005] 

Housing density (high/medium) −0.008 [−0.046; 0.031] −0.038 [−0.074; −0.002] −0.013 [−0.051; 0.026] −0.007 [−0.046; 0.031] 0.000 [−0.040; 0.040] 0.049 [0.011; 0.086] 0.047 [0.009; 0.085] 

Proportion Roma (low/medium) −0.012 [−0.055; 0.031] 0.015 [−0.026; 0.055] 0.016 [−0.027; 0.059] −0.012 [−0.055; 0.031] 0.051 [0.006; 0.096] −0.040 [−0.083; 0.002] 0.014 [−0.029; 0.057] 

Proportion Roma (high/medium) −0.014 [−0.060; 0.033] −0.022 [−0.066; 0.022] 0.014 [−0.033; 0.061] −0.014 [−0.060; 0.033] −0.031 [−0.079; 0.018] 0.016 [−0.030; 0.063] 0.039 [−0.007; 0.086] 

Adjusted standardized linear regression coefficients with 95% confidence intervals. The values are adjusted for counties. All the models are presented in Appen-

dix A Table A3. Significant results are in bold. 
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4. Discussion 

4.1. Main Findings 

Our investigation demonstrated that it is feasible to produce a set of seven indicators 

for DM care in the Hungarian se�ing using only the available data provided by the NHIF 

without targeted primary data collection. Because the templates used to define these in-

dicators were obtained from the NHS QOF and EUBIROD recommendations, the re-

sulting indicators met the general requirements [28]. 

According to the crude indicators, the performance of Hungarian GMPs was far 

from the recommendation, and the prevalence of DM was less than the global reference 

[29]. The GMP-level indicators showed a wider variability for preventive services (the SD 

of the nISR was 0.428 for influenza vaccination and 0.364 for the prevalence of DM among 

40- to 54-year-old adults). The GMP-level nISRs exhibited the narrowest distribution for 

the glycemic status evaluation indicator (the SD of the nISR was 0.082 for the HbA1c 

measurement), which is the most important laboratory examination in DM care, followed 

by the lipid and serum creatinine levels (the SD of the nISR was 0.133 for lipids and 0.133 

for serum creatinine). 

The regression models revealed that GMP performance was determined by factors 

unrelated to GMP staff. The proxy measures showed that the SES of patients (mainly 

education) had a greater impact than GMP structural parameters. 

Our findings demonstrated that patients’ education as a proxy measure of SES dep-

rivation and the age of GPs had a significant impact on the outcome indicators similarly 

seen in other publications [30–34]. The lower likelihood of receiving lipid profiles, eye 

examinations, microalbumin screening, aspirin therapy, and vaccinations in rural prac-

tices is in concordance with other countries’ experiences [35,36]. The wide geographical 

variability of DM care quality we could observe is also well demonstrated in other coun-

tries [37,38]. Furthermore, the presence of a GP vacancy is recognized as a risk factor 

affecting the quality of DM care [39], as it was demonstrated in our study for influenza 

vaccination. The higher prevalence of DM among disadvantaged social groups observed 

in our study is also consistent with publications from various European countries [40,41]. 

The well-known risk of low-quality DM care among ethnic and racial minorities was 

particularly evident in our study in the context of the influenza vaccination coverage 

among Roma [42–44]. 

Internationally, the relationship between list size and process indicators is not well 

defined [45,46]. On the other hand, our study demonstrated that in Hungary, a bigger list 

size diminishes GMP performance. The explanation for the published variability and the 

background of the Hungarian findings needs further investigations. Similarly, the statis-

tically significant improvement in the performance of GMPs providing care to adults 

only, in terms of hemoglobinA1c testing, serum creatinine determination, and serum li-

pid status testing, along with the significant higher influenza vaccination coverage in 

GMPs providing care for both adults and children, requires further explorative investi-

gation in the future. 

The research suggests that a higher employment among patients in a community 

can contribute to a reduced focus on delivering optimal DM care to them [39,47], which is 

in accordance with our study results, which demonstrated an inverse association be-

tween influenza vaccination coverage and unemployment. Furthermore, living condi-

tions, exemplified by overcrowding in our study, have an impact on the quality of DM 

care [42,48]. The Hungarian observation was a significant but not monotonic relationship 

between overcrowding and an ophthalmological examination. 

Considering the strong negative impact of a low level of education, large list size, the 

higher age of GPs, the rural location (and of certain counties), if the crude GMP indicators 

are used to measure the GMP-staffs’ personal contribution, then the GMP-staff perfor-

mances are underestimated in GMPs with disadvantaged conditions. Because the P4P 
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system is, primarily, to facilitate the be�er performance of GMP staffs, P4P is obviously 

counterproductive without an adjustment for GMP-staff-independent factors. 

4.2. Strengths and Limitations 

The main strength of this research was the inclusion of all Hungarian GMPs and the 

whole adult population of Hungary, which prevented selection bias and ensured proper 

statistical power for analysis. Furthermore, misclassification of the studied parameters 

was avoided due to the standardized data collection of the NHIF and the HCSO. 

However, we could not account for the additional characteristics of patients that 

may have influenced the quality of DM care, such as other social determinants [49], 

health literacy level [50], and health behaviors [49,51]. Further studies are needed to 

evaluate the inequalities in other social dimensions. The SES indicators were computed 

from data from 2011, while the GMP structural parameters and the DM indicators were 

computed from data from 2018. Because change in SES is a slow process, the 7-year gap 

between these two datasets may have influenced the observed results only to a small 

degree. However, this bias may have resulted in weakened observed associations. 

Because the NHIF has no data on the results of the DM-care-related investigations, 

the short-term outcome indicators could not be analyzed in our investigation. 

Finally, the mechanisms behind the observed associations between the GMP struc-

tural characteristics and DM care quality could not be investigated in our cross-sectional 

investigation. More studies are needed to utilize the opportunities to improve DM care 

by improving geographical availability in rural areas, by providing care more adapted to 

less educated patients, by supporting the GMPs with a bigger list size, and by under-

standing the negative impact of a GP age over 65 on process indicators. 

4.3. Implications 

The quality of DM care is dependent both on patients’ SES and on the structure of 

GMPs. Because the indicators in the P4P system are used to improve GMP-staffs’ per-

sonal performance, they must be adjusted to remove the impact of factors that are inde-

pendent and not influenceable by GPs and nurses. Obviously, the more comprehensive 

the adjustment is, the more sensitive the indicator is to the personal performance of the 

GMP staff, and consequently, the more effective the monitoring of malpractice identifi-

cation and benchmarking. 

On the other hand, problems in DM care identified by indicators adjusted for certain 

factors can no longer be identified by these adjusted indicators. Consequently, perfor-

mance monitoring must use both the crude and the adjusted indicators in parallel. 

Considering that 58.64% of required medical interventions are provided according 

to the summarized process indicator and that there is substantial variability in each in-

dicator observed in Hungary, there is an explicit need for be�er monitoring, which could 

motivate GPs and nurses to improve their personal performance and establish interven-

tions targeting GMP-staff-unrelated quality determinants. 

5. Conclusions 

Altogether, (1) seven standardized indicators for DM care were successfully elabo-

rated for Hungarian GMP monitoring. (2) These indicators showed a significant devia-

tion in the average performance of the relevant recommendations and a large variability 

in GMP performance. SES and structural factors explain GMP-level variability and de-

termine the quality of DM care. (3) To enhance the effectiveness of the P4P scheme, a 

broader range of indicators, specifically addressing the personal contributions of 

GMP-staff members to the quality of care, is necessary. The nonadjusted indicators must 

also be applied to monitor DM care quality from the patient’s perspective. 
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Appendix A 

 

Figure A1. Distribution of the GMP-specific outcome indicators prepared for linear regression analysis with the fi�ed normal distribution curve: (a) DM preva-

lence in 40–54-year-old patients, (b) DM prevalence in 55–69-year-old patients, (c) serum creatinine testing, (d) ophthalmological examination, (e) hemoglobin 

A1c testing, (f) influenza vaccination, and (g) lipid status testing. SD: standard deviation. 
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Table A1. Patient characteristics, received DM care, and crude indicators in 2018 Hungarian GMPs. 

 

HemoglobinA1c Testing 
Ophthalmological Examina-

tion 

Prevalence of DM Patients Aged 40–

54 

Prevalence of DM Patients Aged 55–

69 

Serum Creatinine Determina-

tion 
Influenza Vaccination 

Lipid Status 

Testing 

Received 

Care 

Target 

Group 
Received Care Target Group Received Care Target Group Received Care Target Group Received Care Target Group 

Received 

Care 

Target 

Group 

Received 

Care 

Target 

Group 

32.907 39.155 18.559 39.155 6.837 160.22 19.455 132.26 35.065 39.155 4.815 18.552 32.907 39.155 

18–19 years 375 424 133 424     377 424 21 424 375 424 

20–24 years 1708 2021 597 2021     1737 2021 81 2021 1708 2021 

25–29 years 2283 2839 839 2839     2394 2839 132 2839 2283 2839 

30–34 years 3139 4018 1170 4018     3373 4018 210 4018 3139 4018 

35–39 years 5461 6968 2001 6968     5846 6968 424 6968 5461 6968 

40–44 years 11,033 13,969 4279 13,969 13,969 794,746   11,726 13,969 928 13,970 11,142 13,969 

45–49 years 17,044 21,343 6716 21,343 21,343 664,755   18,065 21,343 1614 21,342 17,231 21,343 

50–54 years 26,119 32,630 10,758 32,630 32,630 583,072   27,723 32,630 3092 32,630 26,119 32,630 

55–59 years 39,932 49,370 17,400 49,370   49,370 548,390 42,727 49,370 6187 49,370 39,933 49,370 

60–64 years 67,835 84,683 31,705 84,683   84,683 667,123 73,341 84,683 15,442 84,682 67,835 84,683 

65–69 years 73,687 91,763 38,054 91,763   91,763 570,001 80,409 91,763   73,687 91,763 

70–74 years 64,054 80,775 35,188 80,775     71,236 80,775   64,054 80,775 

75–79 years 48,889 64,265 27,069 64,265     55,853 64,265   48,889 64,265 

80–84 years 27,292 38,619 14,054 38,619     32,471 38,619   27,292 38,619 

85–89 years 11,213 17,455 5210 17,455     17,437 22,365   13,932 22,365 

>90 years 2719 4910 1105 4910           

female 210,188 271,463 106,910 271,463 27,419 1,018,978 108,533 977,814 234,150 271,463 12,544 97,176 210,189 271,463 

male 192,595 244,589 89,368 244,589 40,523 1,023,595 117,283 807,700 210,565 244,589 15,587 121,088 192,595 244,589 

exemption certificate 

(+) 
369,225 472,988 179,898 472,988 60,763 2,001,258 205,813 1,705,497 406,802 472,988 23,914 194,946 369,226 472,988 

exemption certificate 

(−) 
33,558 43,064 16,380 43,064 7179 41,315 20,003 80,017 37,913 43,064 4217 23,318 33,558 43,064 

total 402,783 516,052 196,278 516,052 67,942 2,042,573 225,816 1,785,514 444,715 516,052 28,131 218,264 402,784 516,052 

crude indicator 78.05%  38.03%  3.33%  12.65%  86.18%  12.89%  78.05%  

Table A2. The association between the structural characteristics and socioeconomic status indicators of GMPs and the standardized DM indicators and their 

corresponding 95% confidence interval by bivariate linear regression analyses *. 

  HemoglobinA1c Testing Ophthalmological Examination 
Serum Lipid Status 

Checking 

Serum Creatinine Determina-

tion 

Influenza Vaccina-

tion 
Prevalence of DM Aged 40–54 

Prevalence of DM Aged 

55–69 

Baranya/Budapest 0.046 [0.020; 0.073] −0.068 [−0.117; −0.018] 0.046 [0.020; 0.073] 0.027 [0.011; 0.044] 0.091 [0.003; 0.178] −0.040 [−0.111; 0.032] −0.014 [−0.059; 0.031] 

Bács-Kiskun/Budapest 0.051 [0.025; 0.077] −0.184 [−0.233; −0.135] 0.051 [0.025; 0.077] 0.026 [0.010; 0.042] 0.002 [−0.085; 0.088] −0.070 [−0.140; 0] −0.079 [−0.123; −0.035] 

Békés/Budapest 0.004 [−0.025; 0.034] −0.204 [−0.259; −0.148] 0.005 [−0.025; 0.034] −0.010 [−0.028; 0.008] −0.097 [−0.195; 0.001] −0.080 [−0.160; 0] −0.067 [−0.117; −0.017] 

Borsod-Abaúj-Zemplén/Budapest 0.026 [0; 0.052] −0.119 [−0.168; −0.071] 0.026 [0; 0.052] −0.015 [−0.031; 0.002] −0.058 [−0.145; 0.029] −0.131 [−0.201; −0.060] −0.149 [−0.193; −0.104] 

Csongrád/Budapest 0.044 [0.015; 0.072] −0.067 [−0.121; −0.013] 0.044 [0.015; 0.073] 0.012 [−0.006; 0.03] −0.058 [−0.154; 0.038] −0.154 [−0.231; −0.076] −0.152 [−0.201; −0.103] 

Fejér/Budapest 0.016 [−0.012; 0.043] −0.139 [−0.191; −0.087] 0.016 [−0.012; 0.044] −0.001 [−0.018; 0.017] −0.052 [−0.144; 0.040] −0.043 [−0.117; 0.032] −0.040 [−0.087; 0.007] 

Győr-Moson-Sopron/Budapest 0.024 [−0.003; 0.05] −0.319 [−0.370; −0.269] 0.024 [−0.003; 0.051] −0.011 [−0.028; 0.005] −0.188 [−0.278; −0.099] −0.023 [−0.096; 0.05] 0.015 [−0.031; 0.061] 

Hajdú-Bihar/Budapest 0.07 [0.042; 0.098] −0.025 [−0.078; 0.028] 0.070 [0.042; 0.098] 0.018 [0; 0.035] −0.123 [−0.217; −0.029] −0.084 [−0.160; −0.007] −0.095 [−0.143; −0.047] 

Heves/Budapest −0.010 [−0.038; 0.018] −0.362 [−0.414; −0.309] −0.010 [−0.038; 0.018] −0.023 [−0.041; −0.006] −0.026 [−0.119; 0.067] −0.094 [−0.169; −0.018] −0.097 [−0.144; −0.049] 
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Komárom-Esztergom/Budapest −0.052 [−0.081; −0.023] −0.273 [−0.327; −0.219] −0.052 [−0.080; −0.023] −0.035 [−0.053; −0.017] −0.051 [−0.147; 0.045] −0.144 [−0.222; −0.066] −0.043 [−0.092; 0.006] 

Nógrád/Budapest −0.069 [−0.103; −0.036] −0.265 [−0.328; −0.203] −0.069 [−0.103; −0.036] −0.031 [−0.051; −0.010] −0.003 [−0.114; 0.108] −0.205 [−0.296; −0.115] −0.183 [−0.240; −0.126] 

Pest/Budapest −0.003 [−0.026; 0.021] −0.156 [−0.201; −0.112] −0.002 [−0.026; 0.021] −0.009 [−0.024; 0.006] −0.065 [−0.144; 0.014] −0.045 [−0.11; 0.019] 0.003 [−0.037; 0.043] 

Somogy/Budapest −0.003 [−0.031; 0.025] −0.203 [−0.255; −0.150] −0.003 [−0.031; 0.026] −0.012 [−0.03; 0.005] 0.188 [0.095; 0.282] 0.018 [−0.059; 0.094] 0.014 [−0.034; 0.062] 

Szabolcs-Szatmár-Bereg/Budapest 0.064 [0.037; 0.091] −0.155 [−0.206; −0.105] 0.064 [0.037; 0.091] 0.031 [0.014; 0.047] −0.093 [−0.182; −0.003] −0.090 [−0.163; −0.017] −0.083 [−0.129; −0.037] 

Jász-Nagykun-Szolnok/Budapest 0.030 [0.002; 0.058] −0.254 [−0.306; −0.203] 0.031 [0.003; 0.058] −0.008 [−0.025; 0.010] −0.113 [−0.205; −0.021] −0.046 [−0.121; 0.029] −0.073 [−0.120; −0.026] 

Tolna/Budapest −0.055 [−0.085; −0.025] −0.164 [−0.220; −0.107] −0.054 [−0.084; −0.024] 0.025 [0.006; 0.044] 0.148 [0.048; 0.248] 0.037 [−0.045; 0.118] 0.043 [−0.008; 0.094] 

Vas/Budapest 0.068 [0.039; 0.097] −0.122 [−0.176; −0.067] 0.068 [0.039; 0.098] 0.036 [0.018; 0.054] −0.136 [−0.233; −0.039] −0.032 [−0.111; 0.047] 0.008 [−0.041; 0.057] 

Veszprém/Budapest 0 [−0.028; 0.027] −0.168 [−0.220; −0.116] 0 [−0.028; 0.028] −0.001 [−0.018; 0.017] 0.004 [−0.089; 0.096] −0.107 [−0.183; −0.032] −0.062 [−0.110; −0.015] 

Zala/Budapest 0.015 [−0.013; 0.043] −0.167 [−0.219; −0.114] 0.015 [−0.012; 0.043] 0.009 [−0.009; 0.026] 0.110 [0.017; 0.202] −0.144 [−0.219; −0.069] −0.094 [−0.142; −0.047] 

GMP type (adult/mixed) 0.020 [0.006; 0.034] 0.010 [−0.016; 0.036] 0.020 [0.006; 0.034] 0.015 [0.006; 0.024] −0.052 [−0.099; −0.006] −0.019 [−0.057; 0.018] 0.011 [−0.013; 0.035] 

Settlement type (urban/rural) 0.017 [0.003; 0.03] 0.027 [0.001; 0.052] 0.017 [0.003; 0.030] 0.013 [0.005; 0.022] −0.006 [−0.052; 0.040] −0.045 [−0.082; −0.007] −0.034 [−0.058; −0.011] 

GP (vacancy/age < 65) 0 [−0.021; 0.021] 0.018 [−0.020; 0.057] 0 [−0.021; 0.021] 0.006 [−0.007; 0.019] −0.119 [−0.188; −0.051] 0.023 [−0.033; 0.079] −0.001 [−0.036; 0.034] 

GP (age ≥ 65X/age < 65) −0.027 [−0.036; −0.018] −0.016 [−0.033; 0] −0.027 [−0.036; −0.018] −0.017 [−0.023; −0.012] −0.033 [−0.062; −0.003] −0.032 [−0.056; −0.008] −0.028 [−0.043; −0.013] 

List size (≤800/1201–1600) −0.007 [−0.029; 0.016] −0.055 [−0.097; −0.014] −0.006 [−0.029; 0.016] −0.003 [−0.017; 0.010] 0.023 [−0.051; 0.096] −0.036 [−0.096; 0.024] −0.022 [−0.06; 0.015] 

List size (801–1200/1201–1600) −0.007 [−0.019; 0.004] −0.001 [−0.022; 0.021] −0.007 [−0.019; 0.004] −0.004 [−0.011; 0.003] 0.004 [−0.035; 0.043] −0.022 [−0.054; 0.009] −0.010 [−0.030; 0.010] 

List size (1601–2000/1201–1600) −0.005 [−0.014; 0.004] −0.018 [−0.035; −0.001] −0.005 [−0.014; 0.004] 0 [−0.006; 0.005] −0.015 [−0.045; 0.015] 0.011 [−0.013; 0.036] 0.008 [−0.008; 0.023] 

List size (>2000/1201–1600) −0.023 [−0.033; −0.012] −0.021 [−0.041; −0.001] −0.023 [−0.033; −0.012] −0.011 [−0.018; −0.004] −0.043 [−0.078; −0.007] 0.003 [−0.026; 0.032] 0.004 [−0.015; 0.022] 

Level of education (low/medium) −0.030 [−0.043; −0.018] −0.056 [−0.080; −0.032] −0.031 [−0.043; −0.018] −0.018 [−0.026; −0.010] −0.004 [−0.046; 0.038] 0.037 [0.003; 0.072] 0.009 [−0.013; 0.030] 

Level of education (high/medium) 0.013 [0.001; 0.026] 0.020 [−0.004; 0.044] 0.013 [0.001; 0.026] 0.006 [−0.002; 0.014] 0.035 [−0.008; 0.078] −0.136 [−0.171; −0.101] −0.067 [−0.088; −0.045] 

Employment ratio (low/medium) −0.005 [−0.018; 0.008] −0.010 [−0.034; 0.014] −0.005 [−0.018; 0.008] −0.002 [−0.011; 0.006] 0.050 [0.007; 0.094] 0.039 [0.004; 0.075] 0.029 [0.007; 0.051] 

Employment ratio (high/medium) 0.001 [−0.013; 0.014] 0.016 [−0.009; 0.042] 0.001 [−0.013; 0.014] −0.004 [−0.012; 0.004] 0.008 [−0.037; 0.053] −0.052 [−0.088; −0.015] −0.053 [−0.076; −0.03] 

Housing density (low/medium) 0.012 [−0.001; 0.024] −0.048 [−0.072; −0.025] 0.012 [−0.001; 0.024] 0.003 [−0.004; 0.011] 0 [−0.042; 0.041] −0.044 [−0.078; −0.010] −0.024 [−0.045; −0.003] 

Housing density (high/medium) −0.002 [−0.013; 0.009] −0.021 [−0.041; −0.001] −0.002 [−0.013; 0.009] −0.002 [−0.009; 0.004] 0 [−0.036; 0.036] 0.037 [0.008; 0.066] 0.023 [0.004; 0.041] 

Proportion Roma (low/medium) −0.003 [−0.016; 0.009] 0.008 [−0.015; 0.031] −0.003 [−0.016; 0.009] 0.003 [−0.005; 0.01] 0.047 [0.006; 0.087] −0.031 [−0.065; 0.002] 0.007 [−0.014; 0.028] 

Proportion Roma (high/medium) −0.004 [−0.017; 0.009] −0.013 [−0.037; 0.012] −0.004 [−0.017; 0.009] 0.002 [−0.006; 0.011] −0.028 [−0.071; 0.016] 0.013 [−0.023; 0.048] 0.019 [−0.004; 0.041] 

* Linear regression coefficients with their 95% confidence intervals. 

Table A3. The whole models for the association between the structural characteristics and socioeconomic status indicators of GMPs and the standardized DM 

indicators and their corresponding 95% confidence interval by multivariable linear regression analyses *. 

 HemoglobinA1c Testing 
Ophthalmological Ex-

amination 

Serum Lipid Status 

Checking 

Serum Creatinine De-

termination 
Influenza Vaccination 

Prevalence of DM Aged 

40–54 

Prevalence of DM Aged 

55–69 

Explanatory power of the model (r2) 0.114 0.210 0.113 0.105 0.039 0.130 0.119 

Baranya/Budapest 0.071 [0.030; 0.111] −0.052 [−0.090; −0.014] 0.071 [0.031; 0.111] 0.068 [0.027; 0.108] 0.044 [0.002; 0.085] −0.022 [−0.062; 0.018] −0.012 [−0.053; 0.028] 

Bács-Kiskun/Budapest 0.086 [0.042; 0.130] −0.157 [−0.199; −0.116] 0.086 [0.042; 0.130] 0.071 [0.027; 0.116] 0.001 [−0.045; 0.047] −0.043 [−0.087; 0.000] −0.078 [−0.122; −0.035] 

Békés/Budapest 0.006 [−0.037; 0.049] −0.150 [−0.190; −0.109] 0.007 [−0.036; 0.050] −0.024 [−0.067; 0.019] −0.044 [−0.089; 0.000] −0.043 [−0.085; 0.000] −0.057 [−0.100; −0.014] 

Borsod-Abaúj-Zemplén/Budapest 0.052 [−0.001; 0.104] −0.121 [−0.171; −0.072] 0.053 [0.000; 0.105] −0.047 [−0.100; 0.005] −0.036 [−0.091; 0.018] −0.096 [−0.148; 0.044] −0.176 [−0.228; −0.123] 

Csongrád/Budapest 0.066 [0.023; 0.110] −0.051 [−0.093; −0.010] 0.067 [0.023; 0.111] 0.029 [−0.015; 0.073] −0.028 [−0.073; 0.018] −0.085 [−0.129; −0.042] −0.136 [−0.180; −0.092] 

Fejér/Budapest 0.023 [−0.018; 0.064] −0.104 [−0.143; −0.065] 0.024 [−0.017; 0.065] −0.001 [−0.043; 0.040] −0.024 [−0.067; 0.018] −0.023 [−0.064; 0.017] −0.035 [−0.075; 0.006] 

Győr-Moson-Sopron/Budapest 0.036 [−0.005; 0.076] −0.244 [−0.282; −0.205] 0.036 [−0.005; 0.077] −0.028 [−0.069; 0.013] −0.089 [−0.132; −0.047] −0.013 [−0.053; 0.028] 0.013 [−0.028; 0.054] 

Hajdú-Bihar/Budapest 0.115 [0.069; 0.162] −0.021 [−0.065; 0.023] 0.116 [0.069; 0.162] 0.047 [0.000; 0.094] −0.063 [−0.112; −0.015] −0.051 [−0.097; −0.004] −0.092 [−0.138; −0.046] 

Heves/Budapest −0.014 [−0.052; 0.024] −0.247 [−0.283; −0.211] −0.013 [−0.051; 0.025] −0.051 [−0.089; −0.013] −0.011 [−0.050; 0.029] −0.046 [−0.084; −0.009] −0.077 [−0.115; −0.039] 
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Komárom-Esztergom/Budapest −0.066 [−0.103; −0.029] −0.175 [−0.210; −0.141] −0.066 [0.102; −0.029] −0.072 [−0.109; −0.035] −0.020 [−0.059; 0.018] −0.0067 [−0.103; −0.031] −0.032 [−0.068; 0.005] 

Nógrád/Budapest −0.078 [−0.115; −0.040] −0.150 [−0.186; −0.115] −0.078 [−0.115; −0.040] −0.056 [−0.093; −0.018] −0.001 [−0.040; 0.038] −0.084 [−0.121; −0.047] −0.121 [−0.158; −0.083] 

Pest/Budapest −0.006 [−0.059; 0.047] −0.176 [−0.226; −0.126] −0.005 [−0.058; 0.048] −0.032 [−0.085; 0.021] −0.045 [−0.100; 0.010] −0.037 [−0.090; 0.015] 0.004 [−0.049; 0.057] 

Somogy/Budapest −0.004 [−0.044; 0.035] −0.143 [−0.180; −0.106] −0.004 [−0.043, 0.036] −0.028 [−0.067; 0.012] 0.083 [0.041, 0.124] 0.009 [−0.030; 0.048] 0.012 [−0.028; 0.051] 

Szabolcs-Szatmár-Bereg/Budapest 0.110 [0.063; 0.156] −0.135 [−0.178; −0.091] 0.110 [0.064; 0.157] 0.085 [0.038; 0.132] −0.050 [−0.098; −0.001] −0.056 [−0.102; −0.010] −0.084 [−0.130; −0.038] 

Jász-Nagykun-Szolnok/Budapest 0.044 [0.004; 0.085] −0.189 [−0.228; −0.151] 0.045 [0.004; 0.086] −0.018 [−0.059; 0.023] −0.052 [−0.095; −0.010] −0.025 [−0.065; 0.016] −0.063 [−0.104; −0.022] 

Tolna/Budapest −0.064 [−0.099; −0.029] −0.097 [−0.130; −0.064] −0.064 [−0.099; −0.028] 0.048 [0.012; 0.083] 0.054 [0.018; 0.091] 0.016 [−0.019; 0.051] 0.030 [−0.005; 0.065] 

Vas/Budapest 0.084 [0.048; 0.120] −0.076 [−0.110; −0.042] 0.085 [0.049; 0.121] 0.072 [0.036; 0.108] −0.053 [−0.090; −0.015] −0.014 [−0.050; 0.021] 0.006 [−0.030; 0.042] 

Veszprém/Budapest −0.001 [−0.039; 0.038] −0.116 [−0.152; −0.080] 0.000 [−0.038; 0.038] −0.001 [−0.040; 0.037] 0.002 [−0.038; 0. 041] −0.054 [−0.091; −0.016] −0.050 [−0.088; −0.012] 

Zala/Budapest 0.019 [−0.016; 0.055] −0.107 [−0.140; 0.073] 0.020 [−0.016; 0.055] 0.018 [−0.018; 0.053] 0.044 [0.007; 0.081] −0.067 [−0.102; −0.032] −0.070 [−0.106; −0.035] 

GMP type (adult/mixed) 0.069 [0.021; 0.117] 0.017 [−0.029; 0.062] 0.069 [0.021; 0.117] 0.084 [0.035; 0.132] −0.057 [−0.107; −0.007] −0.025 [−0.072; 0.023] 0.022 [−0.026; 0.070] 

Settlement type (urban/rural) 0.059 [0.010; 0.108] 0.048 [0.001; 0.094] 0.059 [0.010; 0.108] 0.075 [0.026; 0.125] −0.007 [−0.058; 0.045] −0.058 [−0.107; −0.009] −0.072 [−0.121; −0.023] 

GP (vacancy/age < 65) 0.000 [−0.029; 0.029] 0.013 [−0.014; 0.041] 0.000 [−0.029, 0.029] 0.014 [−0.015; 0.044] −0.053 [−0.083; −0.022] 0.012 [−0.017; 0.041] 0.000 [−0.030; 0.029] 

GP (age ≥ 65X/age < 65) −0.082 [−0.110; −0.055] −0.025 [−0.051; 0.001] −0.082 [−0.110; −0.055] −0.086 [−0.113; −0.058] −0.032 [−0.060; −0.003] −0.036 [−0.063; −0.009] −0.050 [−0.078; −0.023] 

List size (≤800/1201–1600) −0.009 [−0.038; 0.021] −0.037 [−0.064; −0.009] −0.008 [−0.038; 0.021] −0.007 [−0.037; 0.022] 0.009 [−0.021; 0.040] −0.017 [−0.046; 0.012] −0.017 [−0.047; 0.012] 

List size (801–1200/1201–1600) −0.019 [−0.049; 0.011] −0.001 [−0.029; 0.028] −0.019 [−0.049; 0.011] −0.017 [−0.047; 0.014] 0.003 [−0.028; 0.035] −0.021 [−0.051; 0.009] −0.015 [−0.045; 0.015] 

List size (1601–2000/1201–1600) −0.017 [−0.048; 0.015] −0.031 [−0.061; −0.001] −0.017 [−0.048; 0.015] −0.001 [−0.033; 0.030] −0.016 [−0.049; 0.017] 0.014 [−0.017; 0.046] 0.016 [−0.016; 0.047] 

List size (>2000/1201–1600) −0.068 [−0.100; −0.036] −0.031 [−0.061; −0.001] −0.068 [−0.100; −0.036] −0.053 [−0.085; −0.021] −0.040 [−0.074; −0.007] 0.003 [−0.029; 0.035] 0.006 [−0.026; 0.038] 

Level of education (low/medium) −0.108 [−0.153; −0.063] −0.100 [−0.142; −0.057] −0.108 [0.153; −0.063] −0.103 [−0.148; −0.058] −0.005 [−0.0051; 0.042] 0.048 [0.004; 0.093] 0.019 [−0.026; 0.063] 

Level of education (high/medium) 0.048 [0.002; 0.094] 0.036 [−0.007; 0.079] 0.048 [0.002; 0094] 0.036 [−0.010; 0.082] 0.039 [−0.009; 0.087] −0.176 [−0.222; −0.131] −0.139 [−0.185; −0.093] 

Employment ratio (low/medium) −0.018 [−0.064; 0.028] −0.018 [−0.061; 0.026] −0.018 [−0.064; 0.028] −0.014 [−0.061; 0.032] 0.056 [0.008; 0.104] 0.051 [0.005; 0.097] 0.061 [0.015; 0.107] 

Employment ratio (high/medium) 0.002 [−0.046; 0.050] 0.030 [−0.016; 0.075] 0.002 [−0.046; 0.050] −0.024 [−0.072; 0.025] 0.009 [−0.041; 0.059] −0.067 [−0.115; −0.020] −0.111 [−0.159; −0.063] 

Housing density (low/medium) 0.041 [−0.003; 0.084] −0.084 [−0.126; −0.043] 0.040 [−0.003; 0.084] 0.018 [−0.025; 0.062] −0.001 [−0.046; 0.045] −0.056 [−0.099; −0.013] −0.049 [−0.092; −0.005] 

Housing density (high/medium) −0.008 [−0.046; 0.031] −0.038 [−0.074; −0.002] −0.007 [−0.046; 0.031] −0.013 [−0.051; 0.026] 0.000 [−0.040; 0.040] 0.049 [0.011; 0.086] 0.047 [0.009; 0.085] 

Proportion Roma (low/medium) −0.012 [−0.055; 0.031] 0.015 [−0.026; 0.055] −0.012 [−0.055; 0.031] 0.016 [−0.027; 0.059] 0.051 [0.006; 0.096] −0.040 [−0.083; 0.002] 0.014 [−0.029; 0.057] 

Proportion Roma (high/medium) −0.014 [−0.0060; 0.033] −0.022 [−0.066; 0.022] −0.014 [−0.060; 0.033] 0.014 [−0.033; 0.061] −0.031 [−0.079; 0.018] 0.016 [−0.030; 0.063] 0.039 [−0.007; 0.086] 

* Adjusted standardized linear regression coefficients with their 95% confidence intervals. Significant results bolded. 
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