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Abstract

Diabetes complications are associated with increased healthcare costs and worsened patient outcomes. In this
paper, we analyse how individual-level demographic and territorial-level socioeconomic and healthcare variables
influence the presence and severity of diabetes complications and their relationship with mortality. Our study
utilizes anonymized administrative healthcare data on all diabetes patients of Hungary between 2010 and 2017.
We construct settlement-year level and individual-year level panel datasets to analyse diabetes prevalence, inci-
dence and complications, employing Poisson and logit models to explore associations between complications and
the explanatory variables. The adapted Diabetes Complications Severity Index (aDCSI) is employed to quantita-
tively evaluate the severity of complications by aggregating individual complication scores from ICD-10 diagnosis
codes. We find that diabetes prevalence and incidence are higher in settlements with above-median unemploy-
ment rates, where patients exhibit more severe complications, as shown by higher average aDCSI scores. Among
socioeconomic factors, unemployment rate is particularly associated with increased aDCSI scores, while better
healthcare access is associated with lower aDCSI scores in unadjusted but with higher scores in adjusted models.
The presence and severity of complications, especially renal, cardiovascular and peripheral vascular ones, sub-
stantially increase 5-year inpatient mortality. Most of the mortality difference by settlement-level unemployment
rate disappears when complications are accounted for. We conclude that socioeconomic inequalities, particularly
higher unemployment rates, are strongly linked to diabetes complications and associated mortality risk.
Addressing these disparities through improved healthcare accessibility and targeted public health strategies
could play a crucial role in reducing the burden of diabetes-related complications and improving pa-
tient outcomes.

diabetes-related health outcomes [8-10]. Studies have shown that

Introduction

nternational Diabetes Federation (IDF) projects that the preva-
Ilence of diabetes in the European Region (currently at 9.2%) will
increase by 13% by 2045 [1]. The elevated risk of mortality and
morbidity in patients with diabetes is well documented and has
been the subject of numerous studies [2]. Hence, diabetes represents
a significant focus in public health, not only in consideration of the
disease itself, but also in light of its associated comorbidities and
complications. Diabetes comorbidities are additional health condi-
tions that coexist with the disease but are not directly caused by it
such as hypertension or hyperlipidaemia [3]. In contrast, complica-
tions are direct health issues arising from the long-term effects of
uncontrolled blood sugar levels during the course of the disease [4].
These include renal, ophthalmology, cardiovascular, cerebrovascu-
lar, peripheral vascular, neurological, and metabolic complications,
as summarized by the adapted Diabetes Complications Severity
Index (aDCSI) [5]. Considerable effort is being invested in research
on diabetes complications, with a particular focus on their economic
implications [6] and development of more effective treatment strat-
egies and improved patient outcomes [7].

There are large disparities in the occurrence of complications. The
existing literature provides evidence for the association between
socioeconomic status (SES), neighbourhood and physical environ-
ment, food environment, healthcare, and social context with

both individual and settlement-based low SES are associated with a
heightened likelihood of developing diabetes complications [11-15].
In particular, settlement-based SES indicators are of significant rele-
vance, as they can furnish a direct input for the formulation of
health policy interventions [16]. A promising approach to reducing
health inequalities is to target interventions at unemployment,
which is a key indicator of SES and is associated with poor
health [17].

In this paper we analyse the individual- and settlement-level
determinants of diabetes complications in Hungary, a European
Union member state with about 10 million inhabitants. Although
a number of studies on particular diabetes complications have been
conducted in the country [18-23], these studies devote limited at-
tention to the relationship between SES determinants and none of
them address the issue of unemployment. Our study employs a
comprehensive individual-level administrative panel dataset com-
prising outpatient and inpatient records for all diabetes patients in
Hungary over the period 2010-17. We provide a systematic descrip-
tion of the prevalence and severity of complications in the aDCSI
framework and explore their association with individual-level demo-
graphic and settlement-level socioeconomic variables with a special
focus on unemployment. Finally, we investigate how settlement-
level variables influence the relationship between complications
and mortality.
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Methods

Institutional setting

The Hungarian state health insurance scheme provides patients with
access to a comprehensive range of services, encompassing primary
care, specialist outpatient care, inpatient care, and pharmaceuticals
[24]. Apart from pharmaceuticals that require co-payments, these
services are free of charge at the point of use. However, Hungary’s
public healthcare spending is low compared to other EU countries,
leading to substantial out-of-pocket expenses for private health-
care [25].

Type 2 diabetes (T2DM) patients are primarily managed by gen-
eral practitioners (GPs), who face challenges like limited patient
time, minimal support staff, and about 5% of primary care practices
(PCP) being vacant—especially in rural areas—hindering access to
care [26]. Diabetes care also involves multiple specialists, including
diabetologists for prescribing non-metformin and non-sulfonylurea
drugs, as well as nephrologists, ophthalmologists, cardiologists, neu-
rologists, and angiologists for managing complications. Specialist
outpatient care is available in Budapest, the 19 county seats, and
in the majority of the 174 district seat towns [27], but some rural
areas lack such facilities, requiring patients to travel to neighbouring
districts or county seats for specialist care [28]. Inpatient services are
mostly organized at the county level, with some hospitals located
outside county seats.

Data

We use an anonymized administrative dataset covering all individ-
uals in Hungary who used antidiabetic medications (insulin or oral
antidiabetics, ATC A10 category) or accessed outpatient/inpatient
services with a diabetes diagnosis (ICD-10 E10-E14) at least once
between 2010 and 2017. The dataset was accessed at the Databank of
the HUN-REN Centre for Economic and Regional Studies under a
research agreement with the National Healthcare Services Centre.
We excluded patients appearing with a diabetes diagnosis on at most
two occasions, except for those who died in hospital within their
first diagnosis year. Women with gestational diabetes or polycystic
ovary syndrome and individuals under 18 years were also excluded,
following the methodology of previous studies using Hungarian ad-
ministrative data [29].

Then we define diabetes patients for a given year as those who
received antidiabetic medication, or attended outpatient/inpatient
care with a diabetes diagnosis in that year. New diabetes cases are
defined as those transitioning into diabetes after not being a diabetic
patient (measured as above) for the preceding 2 years. Among dia-
betes patients, we regard someone as having Type 1 diabetes
(T1DM) if at least half of his/her diabetes-related ICD-10 codes in
the outpatient, inpatient and antidiabetic pharmaceutical records
refer to TIDM (i.e. ‘E10°), and no oral antidiabetics were prescribed
for the patient. (Oral antidiabetics, including metformin, are very
rarely prescribed for TIDM patients in Hungary.)

We evaluate the presence and overall severity of complications
with the aDCSI. First, each ICD-10 diagnosis code of Table S1
(adapted from [30]) is assigned a score of 1 (non-severe) or 2 (se-
vere) if it appears in the person’s outpatient or inpatient records in
the current or in the previous year. (2-year time windows were
selected for analysis because, even in the presence of chronic com-
plications, not all patients appear in the healthcare system each year
with the given diagnosis code.) Afterwards, for each of the seven
examined organ systems, the largest score is retained and the aDCSI
is calculated as the sum of individual complication scores. (For
neurological complications, no diagnosis code is classified as severe,
so the aDCSI takes values between 0 and 13. All metabolic compli-
cations are assigned a score of 2.) The validity of the aDCSI as a
reliable metric for predicting hospitalization rates, mortality out-
comes and healthcare costs was affirmed in various countries and
healthcare settings [30-33].
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In the analyses, we use individual-level demographic data (gender
and age) and territorial-level data as explanatory variables. The latter
include settlement-level socioeconomic indicators (settlement type,
unemployment rate, proportion of tertiary graduates, per capita tax-
able income) and various healthcare supply indicators. We measure
access to primary care with the ratio of filled PCPs at the settlement
level, and access to specialist outpatient care and inpatient care with
per capita number of outpatient hours and, respectively, per capita
number of hospital beds at the district level. These territorial-level
variables come from the municipal statistical system of the Central
Statistical Office or from the National Health Insurance Fund
Administration.

It is notable that all settlement-level indicators are available for
the 23 districts of Budapest. Consequently, they are treated as settle-
ments in this analysis. Furthermore, the smallest settlements in the
country are merged into larger neighbouring settlements. Hence, we
end up with 2057 settlements, with an average population of
4750 people.

Statistical analysis

Based on the data above, we construct an individual-year level panel
dataset of diabetic patients and a settlement-year level panel dataset
of diabetes prevalence and incidence (using the population of the
settlements as the denominator).

After showing descriptive statistics, first we use the individual-
year level panel data to explore the association between complica-
tions and the explanatory variables. For examining the prevalent
population, we use data for year 2016. When the dependent variable
is the binary indicator of the presence of a specific complication, we
fit logit models, while for the analysis of the aDCSI we estimate
Poisson models. Explanatory variables are individual- as well as
settlement-level variables, and we cluster standard errors on the
settlement level. In such settings, regression modelling using clus-
tered standard errors is a viable alternative to hierarchical modelling
because it makes a smaller number of assumptions [34, 35]. Still, for
robustness check we fit to aDCSI a multilevel Poisson model with
settlement-level random effects.

Second, we examine the evolution of complications around
the time of diabetes diagnosis on the sample of new diabetes patients
(i.e. for whom the year of diagnosis is observed). After plotting the
average aDCSI and the prevalence of complications as a function of
the relative time since diagnosis, we fit a Poisson model of aDCSI on
settlement- and individual-level variables using the newly diag-
nosed population.

Finally, we examine with logit models how settlement- and
individual-level variables influence inpatient mortality of the year
2011 diabetic population within 5 years (i.e. until 2016), and how the
relationships are moderated by including the presence and severity
of complications measured at the beginning of this time period.

Results

Descriptive results

Table 1 presents descriptive statistics split by whether the settle-
ment’s unemployment rate, a general indicator of settlement-level
SES, is below or above median. Among the 18+ years old popula-
tion, diabetes prevalence stands at 7.2%, incidence at 0.65%, the
average age of diabetic patients is 65.7 years, the proportion of males
is 47%, average aDCSI is 1.59 (37% of patients have zero, 38% have 1
or 2 and 25% have a larger diagnosed aDCSI score), their 5-year
inpatient mortality is 14%, and 6% of them are classified as hav-
ing T1IDM.

Among the particular complications, cardiovascular diagnoses,
including AMI, heart failure, ischemic heart disease, and atrial fib-
rillation, are the most common (41% for any and 16% for severe
complications). The prevalence of ocular complications (mainly ret-
inopathy and its consequences), cerebrovascular complications
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Table 1. Descriptive statistics by settlement-level unemployment rate

Total sD Unemployment rate
below med. above med.

Prevalence of diabetes 7.15% 1.55% 6.90% 7.41%
Incidence of diabetes 0.65% 0.21% 0.64% 0.66%
aDCsl
aDCSI score 1.59 1.75 1.49 1.68
aDCSl score=0 36.6% 39.1% 34.2%
aDCSl score=1 21.1% 21.2% 21.1%
aDCSl score =2 17.2% 16.6% 17.7%
aDCSl score=3 10.2% 9.5% 10.9%
aDCSl| score=4 7.4% 6.9% 7.9%
aDCSl score=5 3.8% 3.4% 4.2%
aDCSl score =6+ 3.6% 3.3% 3.9%
Prevalence of complications
Ocular (any) 23.8% 21.7% 25.7%
Ocular (only 1) 22.4% 20.4% 24.4%
Ocular (2) 1.3% 1.3% 1.4%
Renal (any) 10.3% 9.7% 10.9%
Renal (only 1) 1.6% 1.3% 1.8%
Renal (2) 8.7% 8.3% 9.1%
Cardiovascular (any) 41.4% 38.3% 44.2%
Cardiovascular (only 1) 25.2% 22.9% 27.4%
Cardiovascular (2) 16.1% 15.4% 16.9%
Cerebrovascular (any) 14.0% 13.1% 14.9%
Cerebrovascular (only 1) 4.2% 4.0% 4.4%
Cerebrovascular (2) 9.8% 9.1% 10.4%
Peripheral vascular (any) 8.1% 7.6% 8.6%
Peripheral vascular (only 1) 4.0% 3.7% 4.3%
Peripheral vascular (2) 4.1% 4.0% 4.3%
Neurological (1) 18.9% 18.3% 19.4%
Metabolic (2) 1.2% 1.2% 1.2%
Demographic variables
T1DM 6.0% 5.9% 6.1%
Age 65.7 12.2 66.2 65.2
Gender: male 47.2% 48.1% 46.4%
Age at diagnosis 60.3 13.0 60.7 59.9
Age at hospital death 75.6 10.2 76.1 75.1
Inpatient mortality within 14.0% 14.1% 13.9%

Syears (2011)
Settlement-level

SES variables
Unemployment rate 6.8% 4.2% 3.8% 9.6%
Ratio of graduates 183% 10.8% 24.4% 12.5%
Log income per cap. 13.53 0314 13.74 13.33
Settlement type
Budapest 16.8% 34.2% 0.0%
County seat 17.1% 20.0% 14.4%
Other 66.1% 45.8% 85.6%
Healthcare supply variables
Ratio of filled-in PCPs 953% 149% 97.8% 92.8%
Outpatient hours per cap. 1.92 1.24 2.36 1.49
Hospital beds per 1000 cap. 6.98 5.90 8.06 5.94
Number of individuals 659 340 323138 336202

Descriptive statistics in total and by settlement-level unemploy-
ment rate (below or above median). SD is shown for non-binary
variables. Population: diabetic population in 2016, unless indi-
cated otherwise.

(mainly stroke and transient ischemic attack) and neurological com-
plications (mainly diabetic neuropathy) is 14%-24% each. Less com-
mon complications include renal and peripheral vascular (8%-10%)
and metabolic (1%) manifestations. Table S2 shows that the indi-
vidual complications are relatively mildly correlated: Only the cor-
relation of cardiovascular manifestations with renal and
cerebrovascular complications is noteworthy (0.22-0.23).
According to Table 1, settlements with above-median compared
to below-median unemployment rates have larger prevalence and
incidence of diabetes, a larger average aDCSI score and larger prob-
abilities of individual complications. At the same time, the average
age of patients is lower there by 1.0 year because both the age of
diagnosis and the age of death are lower. As a combined

consequence of the above two findings, raw inpatient mortality is
similar in the two groups.

Finally, the table shows that healthcare supply and thus access to
care is negatively related to unemployment rate. The ratio of filled
PCPs, the district-level outpatient hours per capita and hospital beds
per capita are all much lower in settlements with unemployment
rate above the median. These settlements mostly lie outside
Budapest and the county seats.

Table S3 shows descriptive statistics separately by the type of
diabetes. Although TIDM patients are, on average, 10 years younger
than T2DM patients, their aDCSI score is 0.3 higher. Differences in
the complication rates by settlement-level unemployment are even
more pronounced in the TIDM compared to the T2DM group.

Regression results
Diabetes complications

Table 2 shows risk ratios from Poisson regressions of aDCSI on
territorial- and individual-level variables. First, we interpret models
for the prevalent population of 2016. Column (1) displays results
from the unadjusted regressions, in which only a set of territorial-
level variables is controlled for at a time. If unemployment rate is 1%
point larger then age- and gender-controlled aDCSI is 2.0% larger
(95% confidence interval [CI] 1.8%-2.3%), if the ratio of graduates is
1% point larger then aDCSI is 0.4% smaller (95% CI 0.2%-0.5%),
and if income is 10% larger then aDCSI is 2.2% smaller (95% CI
1.8%-2.6%). In comparison to other parts of the country, patients in
Budapest have an 8.0% smaller aDCSI (95% CI 3.9%-12.0%).
Regarding healthcare supply variables, the ratio of filled-in PCPs
in the settlements have a negative association with aDCSI, e.g. a
settlement with all its PCPs filled has a 9.1% lower aDCSI than a
settlement with all its PCPs unfilled (95% CI 4.7%-13.4%). The
associations with the other healthcare supply variables are not sig-
nificant. These results suggest that in settlement with worse socio-
economic conditions and lower access to care, aDCSI is higher.

According to Table S4, the settlement-level SES variables demon-
strate a high degree of correlation. Therefore, it seems prudent to
investigate which socioeconomic variables have a direct influence on
the number and severity of complications. Columns (2)-(3) of
Table 2 show the results from the adjusted Poisson models in which
the territorial-level variables are included simultaneously. (A model
with standard errors clustered at the settlement level is used in col-
umn (2), while a hierarchical model with settlements as random
effects is used in column (3) for robustness check. The results of
the two models do not differ substantially.)

After controlling for other factors, males have 12.2% larger aDCSI
than females (95% CI 11.4%-13.1%), there is a steep age gradient [e.g.
80+ years old patients have 53% larger aDCSI than the 60-69 years
old patients (95% CI 50.4%-55.6%)], and TIDM patients have 49.7%
larger aDCSI than T2DM patients (95% CI 47.2%-52.1%). A 1%-
point larger unemployment rate is associated with a 2.1% larger
aDCSI (95% CI 1.7%-2.5%), and the coefficients of the ratio of grad-
uates and log income per capita are not statistically significant at the
5% level in column (2).

After controlling for socioeconomic conditions, outpatient hours
per capita (and in one specification the ratio of filled PCPs) is posi-
tively associated with aDCSI, which may be a consequence of the
under-diagnosis of these conditions in the absence of appropriate
access to healthcare. Finally, the negative coefficient of Budapest
remains essentially unchanged in the adjusted models as well.

Table 3 displays odds ratios (ORs) from logit models for the
presence of complications by organ system. The largest ORs of
male gender (1.58 and 1.29) are observed for peripheral vascular
and cardiovascular complications, while gender differences are small
for the other complications. Regarding age groups, the steepest posi-
tive age gradient (OR above 1.8 for the 80+ compared to the 60-
69 years old population) is estimated for renal, cardiovascular and
cerebrovascular complications, while a clear negative gradient of age
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Table 2. Risk ratios (with 95% Cl) from Poisson regressions of aDCSI on territorial- and individual-level variables
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Risk ratios 1) () 3) 4)
unadjusted adjusted adjusted adjusted
Dependent variable: aDCSI diabetic population 1 year after diagnosis
Settlement-level SES variables
(A) Unemployment rate (%) 1.020 1.021 1.023 1.024
(1.018-1.023) (1.017-1.025) (1.012-1.034) (1.020-1.029)
(B) Ratio of graduates (%) 0.996 1.002 1.003 1.001
(0.995-0.998) (1.000-1.004) (0.999-1.006) (0.999-1.004)
(C) Log income per capita x 10 0.978 0.995 0.985 0.998

(0.974-0.982)
(D) Settlement type (ref = other)

Budapest 0.920
(0.880-0.961)
County seat 0.982

(0.899-1.072)
(E) Healthcare supply variables

Ratio of filled-in PCPs (%) 0.909
(0.866-0.953)

Outpatient hours per capita 0.990
(0.961-1.020)

Hospital beds per 1000 capita 1.002

(0.997-1.007)
Diabetes type (ref = T2DM)
TIDM yes

Gender (ref = female)
Gender: male yes

Age group (ref =60-69)

Age group: 18-49 yes
Age group: 50-59 yes
Age group: 70-79 yes
Age group: 80+ yes

Variance of random effect

Average aDCSI 1.59
Number of individuals 659 156
Number of settlements

(0.987-1.003)

(0.970-1.001)

(0.990-1.006)

0.912 0.909 0.895
(0.846-0.983) (0.827-0.999) (0.819-0.977)
0.958 0.953 0.925

(0.889-1.032)

(0.880-1.033)

(0.852-1.004)

1.031 1.150 1.025
(0.989-1.074) (1.017-1.301) (0.975-1.077)
1.050 1.072 1.055
(1.018-1.084) (1.028-1.118) (1.015-1.097)
0.997 0.996 0.998

(0.993-1.002)

1.497
(1.472-1.521)

(0.989-1.002)

1.489
(1.466-1.512)

(0.993-1.003)

1.545
(1.490-1.602)

1.122 1.124 1.156
(1.114-1.131) (1.116-1.132) (1.143-1.169)
0.399 0.400 0.376
(0.392-0.405) (0.393-0.406) (0.368-0.385)
0.793 0.793 0.760
(0.785-0.802) (0.785-0.802) (0.747-0.772)
1.317 1.317 1.424
(1.304-1.329) (1.305-1.329) (1.403-1.446)
1.530 1.530 1.915

(1.504-1.556)

(1.503-1.556)
1.035
(1.028-1.043)

(1.872-1.960)

1.59 1.59 1.16
659 156 659 156 278155
2057

95% Cl are in parentheses.

Models. All columns except (3): cross-sectional models with standard errors clustered at the settlement level. Column (3): multilevel model

with settlements as random effects.

Population. Columns (1)-(3): diabetic population in 2016. Column (4): population one year after a new diabetes diagnosis in years 2011-17.
Controls. Gender, age group and T1DM status are always controlled for. Column (1): unadjusted models where a set of territorial-level
variables are controlled for in each case (A, B, C, D, E). Columns (2)—(4): adjusted models where all territorial-level variables are controlled
for simultaneously. Column (4): calendar years are additional controls.

is observed for metabolic complications (affecting mostly TIDM
patients). ORs of TIDM status are in a wide range. With regard
to the SES variables, the ORs of a 1%-point change of the unemploy-
ment rate are statistically significant and are in a relatively narrow
range (1.02-1.05), apart from the case of metabolic complications.
The adjusted ORs for the remaining SES variables are less clear-cut.

Complications around the time of diabetes diagnosis

Given the longitudinal nature of the data, the complications can also
be examined on the newly diagnosed population. Column (4) of
Table 2 presents risk ratios derived from Poisson regressions of
aDCSI on territorial- and individual-level variables one year after
the diagnosis. As might be expected, the mean aDCSI is slightly
smaller in this population than in the prevalent population (1.16
vs. 1.59). The gender and age gradient are more pronounced around
the time of diagnosis than for the prevalent population [columns

(2)-(3)]. The effect of the territorial-level variables is not significant-
ly different. For example, the risk ratio for the unemployment rate
(1.024, 95% CI 1.020-1.029) is not notably disparate from the par-
ameter measured on the prevalent population.

Figure S1 shows the evolution of aDCSI and the individual com-
plication probabilities by relative year since the diagnosis of diabetes.
The average aDCSI score of 0.6 before the diagnosis jumps to
around 1.2 around the time of diagnosis, suggesting that some of
the conditions had already been detected earlier. The score decreases
slightly after two years because the detection of some complications
coincides with the diagnosis, and later a small proportion of com-
plications may be missing from the administrative records due to
not attending healthcare facilities, but the score remains roughly
constant in relative years 2-4.

Looking at individual complication probabilities, renal, peripheral
vascular, neurological and (not surprisingly) metabolic complica-
tions often get detected around the time of diagnosis—their
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Table 3. Adjusted odds ratios (with 95% Cl) from logistic regressions of the presence of complications on territorial- and individual-

level variables

Odds ratios Ocular Renal Cardio Cerebro Periph Neuro Metab

Settlement-level SES variables

Unemployment rate (%) 1.050 1.034 1.035 1.025 1.032 1.026 1.009
(1.030-1.070) (1.021-1.047) (1.024-1.045) (1.014-1.036) (1.019-1.045) (1.016-1.035) (0.975-1.044)

Ratio of graduates (%) 1.005 1.001 1.008 1.002 0.994 1.005 0.999
(0.992-1.018) (0.996-1.007) (1.004-1.011) (0.996-1.007) (0.989-1.000) (1.000-1.009) (0.983-1.016)

Log income per cap. x 10 0.999 1.021 0.966 0.991 1.018 1.004 0.992

(0.958-1.041) (0.996-1.046)

Settlement type (ref = other)

(0.945-0.987)

(0.971-1.012) (0.992-1.045) (0.986-1.022) (0.933-1.054)

Budapest 1.224 0.714 0.851 0.830 0.933 0.834 0.920
(0.795-1.883) (0.554-0.920) (0.742-0.975) (0.692-0.994) (0.721-1.206) (0.673-1.034) (0.507-1.670)
County seat 0.994 0.951 0.953 0.878 0.927 0.895 1.329

(0.689-1.432) (0.813-1.111)

Healthcare supply variables

(0.832-1.091)

(0.753-1.023) (0.708-1.213) (0.769-1.041) (0.719-2.455)

Filled-in PCP ratio 1.344 0.914 1.055 1.025 1.028 0.971 0.993
(1.121-1.612) (0.826-1.012) (0.960-1.159) (0.929-1.130) (0.880-1.202) (0.867-1.088) (0.696-1.418)
Outpatient hours per cap. 0.973 1.125 1.096 1.032 1.062 1.125 1.205
(0.806-1.173) (0.996-1.269) (1.039-1.156) (0.960-1.110) (0.933-1.208) (1.003-1.261) (0.923-1.574)
Hosp. beds per 1000 cap. 1.011 0.992 0.991 1.005 0.997 0.988 0.965

(0.983-1.038) (0.978-1.007)

Diabetes type (ref = T2DM)

T1DM 2.443 1.912 1.152
(2.317-2.576) (1.802-2.029)

Gender (ref = female)

Gender: Male 0.985 1.072 1.286
(0.967-1.004) (1.048-1.096)

Age group (ref = 60-69 years)

(0.984-0.997)

(1.111-1.194)

(1.264-1.308)

(0.994-1.016) (0.978-1.017) (0.972-1.004) (0.924-1.007)
1.088 1.967 2.442 3.402

(1.047-1.131) (1.875-2.065) (2.334-2.554) (3.091-3.746)

0.993 1.582 0.938 1.010
(0.971-1.015) (1.544-1.621) (0.924-0.954) (0.966-1.057)

Age group: 18-49 0.452 0.425 0.192 0.221 0.337 0.400 1.772
(0.437-0.466) (0.406-0.445) (0.186-0.198) (0.210-0.232) (0.321-0.353) (0.388-0.413) (1.631-1.925)
Age group: 50-59 0.836 0.665 0.624 0.701 0.843 0.956 1.193
(0.819-0.854) (0.645-0.686) (0.613-0.635) (0.683-0.721) (0.818-0.869) (0.936-0.977) (1.113-1.278)
Age group: 70-79 1.134 1.916 1.636 1.497 1.134 1.086 0.964
(1.108-1.161) (1.863-1.971) (1.612-1.661) (1.466-1.529) (1.107-1.163) (1.063-1.110) (0.891-1.043)
Age group: 80+ 0.917 3.163 2.316 1.831 1.160 0.912 0.776
(0.870-0.967) (3.044-3.287) (2.248-2.386) (1.776-1.887) (1.119-1.203) (0.879-0.946) (0.712-0.847)
Probabilities 23.8% 10.3% 41.4% 14.0% 8.1% 18.9% 1.2%
Number of individuals 659 156 659 156 659 156 659 156 659 156 659 156 659156

95% Cl calculated from settlement-level clustered standard errors are in parentheses. Population: diabetic patients in 2016.

observed prevalence jumps more than two-fold then. Meanwhile,
cerebrovascular complications do not become drastically more fre-
quent around the time of diagnosis.

Inpatient mortality

Table 4 displays the socioeconomic, demographic and complication-
related determinants of 5-year inpatient mortality. Beyond the well-
known effects of diabetes type, age group and gender, the value of
aDCSI has a marked impact on mortality within 5 years. According
to column (2), compared to a score of 0, OR=1.038(95% CI 1.013-
1.063) for a score of 1 but OR =1.462 (95% CI 1.425-1.501) for a
score of 2, and OR =1.218 (95% CI 1.207-1.229) for each additional
point in the score. Nevertheless, these average effects of aDCSI hide
a marked variation across individual complication categories.
Column (3) shows that renal, cardiovascular and peripheral vascular
complications have the strongest association with mortality, with
OR between 1.1-1.3 for non-severe (aDCSI=1) and 1.7-2.1 for
severe (aDCSI=2) manifestations. Ocular, cerebrovascular, and
neurological complications have smaller effects (OR close to 1 or
even negative for non-severe and around 1.4 for severe manifesta-
tions). Metabolic complications (that occur infrequently) do not
have a significant impact on mortality.

Among the territorial explanatory variables, for ease of interpret-
ation we only use the unemployment rate in these regressions. If
complications are not controlled for, a 1%-point larger unemploy-
ment rate is associated with a 1.0% larger odds of 5-year inpatient
mortality (OR =1.010, 95% CI 1.006-1.013). However, if complica-
tions are controlled for, it increases the odds by only 0.3% (95% CI

for OR: 1.000-1.007). This suggests that most of the mortality differ-
ences of diabetes patients by settlement-level unemployment rate is
attributable to the fact that patients in lower-SES settlements are
affected more severely by diabetes complications.

Discussion

This is the first study to utilize complete administrative data, align-
ing with the aDCSI definitions, to investigate complications in both
prevalent and incident diabetic populations, as well as mortality in
Hungary. Additionally, it incorporates settlement-level variables,
offering a nuanced understanding of the complex relationships be-
tween complications and their determinants.

Among diabetic patients, the average value of aDCSI is 1.6.
Cardiovascular complications are the most prevalent (41%), while
ocular, cerebrovascular, and neurological complications also com-
monly occur (14%-24%), underscoring the significant morbidity of
diabetes [36]. Patients in lower-SES settlements that are character-
ized by higher unemployment rates, fewer degree-holders, and lower
per capita income have substantially higher average scores on the
aDCS], indicating greater diagnosed complication burden, likely due
to delayed diagnosis, suboptimal management, and restricted
healthcare access [37]. Indeed, disadvantaged areas have fewer pri-
mary care physicians, outpatient hours, and hospital beds per capita.

The results of the Poisson and logit models demonstrate the in-
dependent influence of socioeconomic and demographic factors on
the severity of diabetes complications in the studied population. In
particular, a one SD (4.2%point) increase in the unemployment rate
is associated with an 8.8% increase in the adjusted aDCSI, which
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Table 4. Adjusted odds ratios (with 95% Cl) from logistic regres-
sions of inpatient mortality within 5 years on territorial- and indi-
vidual-level variables

(1) (2) (3)
Odds ratios Dep. var.: 5-year inpatient mortality
Unemployment rate (%) 1.010 1.003 1.003

(1.006-1.013)  (0.999-1.006) (1.000-1.007)

aDCSI (ref=0)

aDCSI=1 1.038
(1.013-1.063)

aDCSI=2 1.462
(1.425-1.501)

aDCsl, additional point 1.218

(1.207-1.229)
Diabetes complications

Ocular (only 1) 0.930
(0.901-0.961)
Renal (only 1) 1.250
(1.180-1.324)
Cardiovascular (only 1) 1.167
(1.142-1.191)
Cerebrovascular (only 1) 0.887
(0.851-0.925)
Peripheral vascular (only 1) 1.207
(1.151-1.265)
Neurological (only 1) 1.007
(0.984-1.031)
Ocular (2) 1.380
(1.305-1.459)
Renal (2) 1.738
(1.665-1.813)
Cardiovascular (2) 1.972
(1.929-2.016)
Cerebrovascular (2) 1.417
(1.383-1.453)
Peripheral vascular (2) 2.044
(1.977-2.112)
Metabolic (2) 1.044

(0.930-1.171)
Diabetes type (ref = T2DM)
T1DM 2.040 1.690 1.774
(1.976-2.106)  (1.631-1.751)  (1.709-1.841)
Gender (ref = female)
Gender: male 1.435 1.377 1.339
(1.412-1.459)  (1.354-1.401) (1.317-1.362)
Age group (ref =60-69)

Age group: 18-49 0.181 0.220 0.222
(0.171-0.191)  (0.208-0.232)  (0.211-0.235)
Age group: 50-59 0.553 0.574 0.587
(0.539-0.568)  (0.560-0.589) (0.572-0.602)
Age group: 70-79 2.336 2.160 2.117
(2.287-2.386) (2.114-2.208) (2.072-2.163)
Age group: 80+ 5.521 5.001 4.720
(5.374-5.671)  (4.872-5.134) (4.596-4.847)

Observations 644880 644880 644880

95% Cl calculated from settlement-level clustered standard errors
are in parentheses. Population: diabetic patients in 2011.

demonstrates the substantial influence of settlement-level socioeco-
nomic circumstances on health outcomes. The aDCSI is lower in
Budapest, which is partly attributable to enhanced accessibility to
healthcare resources. The adjusted models indicate that males have a
12% higher aDCSI than females, and individuals aged 80 and above
experience a 53% increase in aDCSI compared to those aged 60-69.
These findings underscore the necessity to tackle socioeconomic
disparities and enhance healthcare accessibility with a view to mit-
igating the adverse impact of diabetes complications [11, 12].

The considerable rise in aDCSI around diagnosis emphasizes the
necessity for prompt detection and management of complications to
enhance patient outcomes. However, SES disparities persist over

Analysis of aDCSI data from Hungary 603

time, as evidenced by the comparable effects of settlement-level
variables at diagnosis versus in the prevalent population.
Longitudinal analysis offers valuable insights into the complex inter-
play between disease progression and healthcare access in shaping
diabetes complication trajectories.

Finally, our mortality regressions show that the higher complica-
tion burden of lower-SES settlements largely explain the higher mor-
tality rates observed there, highlighting the need for targeted
healthcare interventions in disadvantaged areas [5, 14]. The varying
impact of organ-specific complication scores on mortality suggests
prioritizing renal, cardiovascular, and peripheral vascular complica-
tions—especially severe ones—in risk assessment and treatment
planning, particularly in high-diabetes populations. Targeted inter-
ventions for these high-impact complications could significantly im-
prove patient outcomes [5, 38].

Our systematic analysis of diabetes complications using the
aDCSI score and a comprehensive set of nationally representative
longitudinal data makes a significant contribution to the literature.
However, the study has certain limitations. First, due to the presence
of under-diagnosis, the administrative data do not include undiag-
nosed (latent) diabetic cases and may not capture all diabetes com-
plications. To account for reporting differences, we control for
healthcare access indicators in some specifications and show that
our results are robust to the inclusion of these variables in the
models. Second, we observe only inpatient mortality and not total
mortality, however, ~65% of individuals die in hospital in Hungary.
Finally, information on individual-level SES would be useful to
examine the causal effect of SES on the prevalence and severity of
complications in a longitudinal setting.
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o Nationwide individual-level administrative panel data from
o The adapted Diabetes Complications Severity Index (aDCSI)
e Among settlement-level socioeconomic variables,

o Most of the mortality difference by settlement-level unemployment

Key points

Hungary are used to analyse diabetes complications.
is employed.
unemployment rate is particularly associated with aDCSI.

rate disappears when complications are accounted for.
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