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Abstract

Aim: Socio-economic status (SES) influences diabetes onset, progression and treat-
ment. In this study, the associations between SES and use of hospital care were
assessed, focusing on hospitalizations, technology and cardiovascular complications.
Materials and Methods: This was an observational cohort study comprising 196 695
patients with diabetes (all types and ages) treated in 65 hospitals across the
Netherlands from 2019 to 2020 using reimbursement data. Patients were stratified
in low, middle, or high SES based on residential areas derived from four-digit zip
codes.

Results: Children and adults with low SES were hospitalized more often than patients
with middle or high SES (children: 22%, 19% and 15%, respectively; p < .001, adults:
28%, 25% and 23%; p < .001). Patients with low SES used the least technology: no
technology in 48% of children with low SES versus 40% with middle SES and 38%
with high SES. In children, continuous subcutaneous insulin infusion (CSII) and real-
time continuous glucose monitoring (rtCGM) use was higher in high SES {CSlI: odds
ratio (OR) 1.54 [95% confidence interval (Cl) 1.35-1.76]; p < .001; rtCGM OR 1.39
[95% CI 1.20-1.61]; p < .001} and middle SES [CSIl: OR 1.41 (95% Cl 1.24-1.62);
p < .001; rtCGM: OR 1.27 (95% CI 1.09-1.47); p = .002] compared with low SES.
Macrovascular (OR 0.78 (95% CI 0.75-0.80); p < .001) and microvascular complica-
tions [OR 0.95 (95% Cl 0.93-0.98); p < .001] occurred less in high than in low SES.
Conclusions: Socio-economic disparities were observed in patients with diabetes
treated in Dutch hospitals, where basic health care is covered. Patients with low SES
were hospitalized more often, used less technology, and adults with high SES showed
fewer cardiovascular complications. These inequities warrant attention to guarantee

equal outcomes for all.
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1 | INTRODUCTION

The global prevalence of diabetes mellitus has been perpetually
rising during the last decades and this is expected to continue in
the years to come. In 2021, an estimated 529 million people were
living with diabetes worldwide, with a staggering $966 billion in
estimated health care costs, making diabetes one of modern day's
prominent health care challenges.'? This results in ongoing pres-
sure on health care systems and affects the distribution of limited
health care resources. In both type 1 and type 2 diabetes mellitus,
chronically elevated blood glucose levels significantly increase
cardiovascular risk and reduce life expectancy. Therefore, optimal
and personalized treatment of diabetes and modifiable cardiovas-
cular risk factors is the cornerstone of contemporary diabetes
care.®*

Within diabetes care, health inequities are present between
individuals from different environments, backgrounds and commu-
nities.> An important determinant is socio-economic status (SES), a
multidimensional construct that includes social determinants of
health such as education, occupation and economic status.” Evi-
dence has been accumulating that low SES negatively affects the
onset, progression and treatment outcomes of patients with diabe-
tes. These findings stress that optimal diabetes treatment also
entails effectively addressing SES-specific issues and warrants
strategies to reduce the health inequities resulting from SES
differences.

Among adults, the majority of patients worldwide are diagnosed
with type 2 diabetes. In this patient group, SES inequity commences
before the first stages of the disease, as SES is known to influence
the prevalence of diabetes.® During their disease, patients with
lower SES also more often face complications and a reduced life
expectancy compared with their counterparts with a higher SES.”®
Focusing on type 1 diabetes, SES influences glycaemic control in
both children and adults.”!° Use of diabetes technology, such as
continuous subcutaneous insulin infusion (CSIl) and continuous glu-
cose monitoring (CGM), is, apart from reimbursement policies, also
influenced by SES-related factors at all ages.”**"* Targets for cardi-
ometabolic risk factors are less often met, and life expectancy and
years spent without complications are lower than in those living
without diabetes.?> In the Netherlands, most studies related to
SES and diabetes focus on type 2 diabetes. It is known that people
with diabetes more often have low SES than high SES.?” Low SES in
early life is linked to a higher risk of prediabetes and type 2 diabe-
tes.'® Individuals with low SES are at higher risk of undiagnosed type
2 diabetes and related complications.?” The Dutch health care sys-
tem provides equal access to health care for all patients, including
primary care and different hospital care settings or clinics. To our
knowledge, it is not known how resource use and hospital care are
affected by SES in patients with diabetes of all ages in a nationwide
study population.

We aimed to study the association between SES and hospital
resource use in patients of all ages treated for diabetes in hospitals

across the Netherlands using real-world reimbursement data.

2 | MATERIALS AND METHODS

21 | Study setting

This population-based, retrospective cohort study was conducted on
administrative hospital data of patients with diabetes mellitus treated
in hospitals across the Netherlands. In the Netherlands, basic health
care insurance is mandatory for all citizens, and generally all hospital
expenses, including diabetes care are reimbursed by insurance compa-
nies. Insurance companies are private institutions in a well-regulated
system, with an obligation to accept all patients for equal fee and cov-
erage, regardless of age, patient characteristics, medical history or
employment. Hospitals are reimbursed for care provision through a
national coding system called Diagnosis Treatment Combination
(DBC) codes, which contain information on care characteristics such
as medical specialty, diagnosis and treatment care activities. These
DBCs are registered during both the inpatient and outpatient clinical
care process of each patient, and information is stored per hospital to
facilitate reimbursement. For this study, a dataset with routinely col-
lected diabetes-related data from affiliated hospitals was obtained
from a benchmark database serviced by LOGEX. The data source has
been described in more detail before.?° Data were deidentified before
use and, therefore, not traceable to individual patients. Under Dutch
law and regulations, the use of non-identifiable data is allowed for
research purposes without ethical approval or informed consent. The
analysis entailed 65 secondary and tertiary care hospitals (~88% of
diabetes treating hospitals) and did not include primary care or inde-
pendent diabetes treatment centres because of lack of affiliation
with LOGEX. Independent treatment clinics treat an estimated 22% of
all Dutch children with type 1 diabetes with a similar distribution in
SES scores to hospitals, whereas the percentage of adults treated is
estimated to be <1.5%. All children with diabetes in the Netherlands
are treated in hospitals or diabetes treatment centres. Adults treated
in hospitals either have type 1 diabetes, more complex type

2 diabetes, or comorbidity.

2.2 | Study population

Patients of all ages with a registered DBC claim for diabetes or
diabetes-related morbidity from 1 January 2019 to 31 December
2019, were included. Each patient had a follow-up duration of
365 days after DBC registration, the end of the follow-up period
being 31 December 2020. Diabetes DBC claims in the following six
medical specialties were included: (a) paediatrics, (b) internal medicine,
(c) ophthalmology, (d) gastroenterology, (e) surgery or (f) orthopaedics
(diagnosis codes in Supporting Information). Patients who frequented
more than one department were recorded for each medical specialty
visited. Ophthalmology comprised retinopathy diagnoses, and sur-
gery/orthopaedics diabetic foot diagnosis. Because of small patient
numbers and similar care provision, gastroenterology (n = 36, <0.1%)
was combined with internal medicine, and orthopaedics (n = 441,

<1.0%) with surgery. A diabetes DBC code encompasses all diabetes
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types, including type 1, type 2 and secondary diabetes, and does not
distinguish between the various types. SES scores were derived from
the Netherlands Institute for Social Research and were previously
linked in the benchmark database with an individual's four-digit zip
code. During the study period, the Netherlands Institute for Social
Research was responsible for calculations of SES scores of the Dutch
population.?*?? The scores were previously ranked per zip code and
divided in tertiles categorizing them into low, middle and high. The SES
neighbourhood scores are derived from the average household income
in a zip-code area, the percentage of individuals with low income, low
levels of education or unemployed individuals. Therefore, this SES mea-
sure is a combined income, education and employment score. These
SES scores are often used in health inequality studies from the
Netherlands.232* Information on sex, 5-year age categories and the

hospital where the patient received treatment were also obtained.

2.3 | Outcome measures

All-cause hospitalization and technology use were primary outcomes
related to hospital care utilization. Technology use consisted of CSIl and
real-time CGM (rtCGM); patients were classified as users of technology
when 21 related health care activity of either CSIl or rtCGM was regis-
tered. Flash glucose monitoring is not included in hospital reimburse-
ment data. Hospital admissions were reported as absolute numbers and
did not include emergency department visits. Hospitalization rates were
calculated per 100 person-years by dividing the sum of hospitalizations
by the number of patients per SES category and multiplying by 100, as
all patients had a year of follow-up. Other outcome measures were
complications, comorbidities and treatments (diagnosis and treatment
activity codes in Supporting Information) related to all inpatient and out-
patient visits. Cardiovascular complications were categorized into micro-
vascular and macrovascular complications. Microvascular complications
comprised nephropathy, retinopathy, neuropathy and diabetic foot diag-
noses. Related microvascular treatments were dialysis, intravitreal injec-
tions and intra-ocular laser treatment. Macrovascular complications
included acute coronary syndrome, heart failure, peripheral arterial dis-
ease and cerebrovascular accidents, i.e. haemorrhagic and ischaemic
stroke. Related macrovascular treatments were coronary artery bypass
grafting, percutaneous coronary intervention, percutaneous transluminal
angioplasty, limb or digit amputations, and neurological thrombolysis or
thrombectomy. Other comorbidities comprised obesity, hypertension,
hypothyroidism, and anxiety or depression.

24 | Statistical analysis

Patient characteristics were reported for children (<18 years old) and for
adults (218 years old) by SES categories. Categorical data were reported
as frequencies and proportions, and continuous variables as median with
range. Patients with no available SES score (n = 2619, 1.3%) were
excluded from analyses. The SES score was unknown in the case of a

missing zip code because of the absence of permanent Dutch residency.

The remaining data only comprised complete and accurate claims; there-
fore, no missing data was present in the other variables. Differences
between SES categories were tested using chi-squared tests, Fisher's
exact test or Kruskal-Wallis, depending on the type of outcome. Multi-
variable logistic regression was used to study the associations between
SES and resource use parameters with low SES as a reference, in chil-
dren and adults separately, with adjustment for age categories (children:
age 1-5, 6-10, 11-15, 16-17; adults: 18-40, 41-60, 61-80, >80) and for
sex. Analyses for complications were only conducted in adults because
of the low occurrence of complications in childhood. Sensitivity analysis
using a mixed model with a random intercept for hospital did not change
any of the modelled outcomes. Odds ratios (OR) and 95% confidence
intervals (Cls) were graphically shown in forest plots. Statistical signifi-
cance was defined as a two-sided p-value <.05. All analyses were con-
ducted in R Statistical Software (v4.2.1; R Core Team 2021).

3 | RESULTS

3.1 | Study population

In total, 196 695 patients with diabetes were included from 65 hospi-
tals across the Netherlands. Overall, the SES was classified as low in
74 754 patients (38%), middle in 66 575 patients (34%) and high
in 55 366 patients (28%). Between 2019 and 2020, a total of 5454
children and 191 241 adults received in-hospital care for diabetes and
diabetes-related morbidity. SES distribution varied across different
hospital departments treating patients with diabetes (Figure 1). The
surgery department (n = 7700), where patients received diabetes foot
care, recorded the largest percentage of individuals with low SES
(42%). In internal medicine (n=118881) and ophthalmology
(n = 99 542), low SES was also most frequently found (38%), whereas
the paediatrics department (6536) showed a slight predominance of
patients with high SES (35%) versus middle and low SES (65%). Young
children of 1-5 years old more often had low SES (8% versus 6% in
middle SES and 5% in high SES), whereas adolescents and adults in
younger age categories more often had high SES (Table 1). The

mm | ow SES
o Middle SES
Paediatrics 32 35 High SES
Internal medicine 83 29
Ophthalmology 35 27
Surgery 34 24

T T T T 1
0 20 40 60 80 100%

FIGURE 1 Socio-economic status (SES) categories by medical
specialty in Dutch outpatients treated for diabetes in percentages
(n =196 695).
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TABLE 1 Characteristics of children (n = 5454) and adults (n = 191 241) with diabetes by socio-economic status.

Patients <18 years (%)
Age (years)
0
1-5
6-10
11-15
16-17
Sex
Male
Female
Care characteristics
Hospitalized patients (%)
1 hospitalization
22 hospitalizations
Hospitalization rate (per 100PY)
Number of visits paediatrician

Paediatrician visit (>1)

Number of visits, internal medicine

Internal medicine visit (>1)
Ophthalmology visit (21)
Diabetes technology
Patients with CSII (%)
Patients with tCGM (%)
Patients 218 years (%)
Age (years)
18-40
41-60
61-80
>80 years old
Sex
Male
Female
Care characteristics
Hospitalized patients (%)
1 hospitalization
>2 hospitalizations
Hospitalization rate (per 100PY)

Internal medicine visit (>1)

Number of visits, internal medicine

Ophthalmology visit (21)
Surgery visit (21)
Cardiology visit (21)
Diabetes technology
Patients with CSII (%)
Patients with rtCGM (%)

Note: Presented as absolute numbers with percentages, mean with SD or median with [range].
Abbreviations: CSlI, continuous subcutaneous insulin infusion; PY, person-years; rtCGM, real-time continuous glucose monitoring.
2Differences were tested between socio-economic status categories.

Low

1811 (33)

2(0)
136 (8)
383 (21)
834 (46)
456 (25)

918 (51)
893 (49)

398 (22)
324 (18)
74 (4)
28.1

7 [0, 30]
1736 (96)
010, 8]
72 (4)
690 (38)

906 (50)
476 (26)
72 943 (38)

7672 (11)

19 852 (27)
18 132 (25)
27 287 (37)

38 248 (52)
34 695 (48)

20 296 (28)
11 861 (16)
8435 (12)
51.9

50 897 (70)
2 [0, 106]
48 864 (67)
17 162 (24)
18 892 (26)

2676 (4)
2537 (4)

Middle
1735 (32)

4(0)
101 (6)
332(19)
821 (47)
477 (28)

894 (52)
841 (49)

323(19)
259 (15)
64 (4)
242

7 [0, 34]
1647 (95)
010, 18]
82 (5)
717 (41)

1006 (58)
520 (30)
64 840 (34)

6809 (11)

17 121 (26)
15781 (24)
25129 (39)

35 036 (54)
29 804 (46)

16 386 (25)
9782 (15)
6604 (10)
46.0
43776 (68)
210, 155]
44 107 (68)
14 223 (22)
15 548 (24)

3257 (5)
2910 (5)

High
1908 (35)

0(0)

99 (5)
397 (21)
862 (45)
550 (29)

1026 (54)
882 (46)

282 (15)
232(12)
50 (3)
18.9

710, 45]
1821 (95)
010, 13]
68 (4)
690 (36)

1147 (60)
609 (32)
53 458 (28)

6280 (12)

15213 (29)
13 071 (25)
18 894 (35)

29 589 (55)
23 869 (45)

12 191 (23)
7406 (14)
4785 (9)
41.2

36 955 (69)
310, 105]
34 457 (65)
11034 (21)
11357 (21)

3395 (6)
3181 (6)

p-Value?

.008

149

<.001
<.001
.040
<.001
.720
415
.185
201
.006

<.001
.001

<.001

<.001

<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001
<.001

<.001
<.001
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number of paediatrician visits in a year did not differ significantly per
SES category (p = 0.415). In adults, the number of visits to internal
medicine was significantly higher in high SES, with a median of 3 ver-
sus 2 (p <.001). The percentage of included patients with diabetes
with at least one cardiology visit was significantly higher in low SES
(26% vs. 21% in high SES, p < .001).

3.2 | Hospitalizations

In children, the hospitalization rate was the highest in low SES with
28.1 per 100 person-years (PY) and in high SES
with 18.9/100PY (p < .001). After adjusting for sex and age, the OR
for all-cause hospitalization was 0.63 (95% Cl 0.54-0.75; p < .001) in
high SES and 0.83 (95% Cl 0.70-0.98; p = 0.025) in middle SES versus
low SES, as shown in Figure 4A (details and crude ORs in Table S1). In
adults, the number of hospitalized patients was highest in low SES
(28%), with the highest hospitalization rate of 51.9/100PY in low
SES versus 46.0 and 41.2/100PY in middle and high SES, respectively
(p < .001). The adjusted OR (aOR) for hospitalization was 0.77 (95%
Cl 0.75-0.80; p <.001) in high SES and 0.86 (95% Cl 0.84-0.89;
p < .001) in middle SES versus low SES (Figure 4B).

lowest

3.3 | Technology use

Children with low SES most often used no technology (48%) and had
the lowest percentage of CSIl use alone (26%) or combined with
rtCGM (24%), as shown in Figure 2A. Crude and aOR for technology
use were higher in middle and high SES when compared with low SES
(Figure 4A, Table S2), for both CSII [middle SES: OR 1.38 (95% ClI

ns
100% = CSll & tCGM
== tCGM
csli
No technology
75%
>
g
2 26
[5]
2 30 30
2 50%-
E]
3]
5
=
(&}
2% 48 40 38
0%
Low SES Middle SES High SES
(n=1811) (n=1735) (n=1908)
FIGURE 2

1.21-1.58); aOR 1.41 (95% Cl 1.24-1.62); p < .001; high SES: OR 1.50
(95% Cl 1.32-1.71); aOR 1.54 (95% ClI 1.35-1.76); p <.001] and
rtCGM use [middle SES: OR 1.20 (95% Cl 1.04-1.39); aOR 1.27 (95%
Cl 1.09-1.47); p = .002; high SES: OR 1.32 (95% CI 1.14-1.52); aOR
1.39 (95% CI 1.20-1.61); p < .001]. In adults (Figure 2B), total technol-
ogy use was lower (6%) in low SES than in high SES (10%), and the
use of CSlI, rtCGM or combined was lowest in low SES (2% in each
category) and highest in high SES (CSIl 4%, rtCGM or combined 3%).
Adults with middle or high SES also had a higher OR for CSlII use [mid-
dle SES: OR 1.39 (95% CI 1.32-1.46); aOR 1.44 (95% CI 1.37-1.52);
p < .001; high SES: OR 1.78 (95% Cl 1.69-1.88); aOR 1.75 (95% Cl
1.66-1.85); p<.001] or rtCGM [middle SES: OR 1.30 (95%
Cl 1.24-1.38); aOR 1.35 (95% Cl 1.27-1.42); p < .001; high SES: OR
1.76 (95% Cl 1.66-1.85); aOR 1.72 (95% Cl 1.63-1.82); p < .001].

3.4 | Vascular complications

Adult patients with low SES had no cardiovascular complications least
often during follow-up (57% vs. 60% in middle SES and 64% in high
SES; Figure 3). Both microvascular and macrovascular complications
were most common in low SES (7% vs. 6% in middle SES and 5% in
low SES). The OR for microvascular and macrovascular complications
was lower for middle and high SES when adjusted for sex and age [-
Figure 4B; microvascular: middle SES aOR 0.90 (95% Cl 0.88-0.92);
p < .001 and high SES aOR 0.78 (95% Cl 0.76-0.80); p < .001; macro-
vascular: middle SES aOR 0.86 (95% Cl 0.83-0.89); p < .001 and high
SES aOR 0.77 (95% Cl 0.75-0.80); p < .001]. The aOR for any vascular
complication was 0.88 [(95% Cl 0.86-0.90); p < .001] in middle SES
and aOR 0.76 [(95% Cl 0.74-0.78); p < .001] in high SES compared
with low SES (details and crude ORs in Table S3). Almost all

(B) * K Xk
* ¥ %k * % %k
— | | ] |
Bl CSll & rtCGM
B tCGM
Csli
2 No technology
8 3
- 4
e
8
o 90%"
£
3 50%3
]
3
<
94 92 90
0%
Low SES Middle SES High SES
(n=72943) (n=64840) (n=53458)

(A) Technology use in children by SES. (B) Technology use in adults by SES. 1 Flash glucose monitoring not included. Numbers in

the bars are stated as percentages. ns, not significant, ***p < .001. CSlI, continuous subcutaneous insulin infusion; rtCGM, real-time continuous

glucose monitoring; SES, socio-economic status.
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microvascular and macrovascular complications and related treat-
ments were more common in low SES. Nephropathy, retinopathy and
heart failure all had a >1% significant difference between low and high

SES (Table S4, outcomes for hospitalized patients only in Table S5).

3.5 | Sex

Sex was a significant covariate in several outcomes. In children, the
OR for CSll use was higher in females (aOR 1.1; p = 0.017); in rtCGM,
the difference was not significant. Among adults, both CSIl and
rtCGM were more often used in females [CSIl: aOR 1.57 (95% CI

* kK

* kK

100%7 - —

_ mm  Microvascular & Macrovascular
7 Macrovascular complications
Microvascular complications
%%
g 5% 29 & = No complications
g
Q
S 50%-
S
H
2 57 60 64
3 25%
0%
Low SES Middle SES High SES
(n=72943) (n=64840) (n=53458)

FIGURE 3 Macrovascular and microvascular complications in
adult patients by socio-economic status (SES). T Numbers in the bars
are stated as percentages. ***p < .001.

1.51-1.64), p < .001; rtCGM: aOR 1.54 (95% Cl 1.48-1.62), p < .001].
In addition, a small but significant difference was observed with fewer
hospitalizations in females [aOR 0.96 (95% Cl 0.94-0.98); p < .001].
The OR for macrovascular [aOR 0.67 (95% Cl 0.66-0.70); p < .001]
and microvascular complications [aOR 0.81 (95% Cl 0.80-0.83);
p < .001] was lower in females than in males.

4 | DISCUSSION

This nationwide study used real-world reimbursement data of
196 695 paediatric and adult patients with all types of diabetes trea-
ted in hospitals across the Netherlands between 2019 and 2020; we
found disparities in hospitalizations, diabetes technology use and car-
diovascular complications across different SES categories among all
ages. Hospitalization rates were highest in low SES and lowest in high
SES in children and adults. Similarly, CSll and rtCGM use were lowest
in low SES, particularly in children, with a 10% difference in technol-
ogy users compared with high SES. The presence of macrovascular,
microvascular, or any vascular complications was significantly lower in
the middle and high SES group.

Our findings are in concordance with several other studies in vari-
ous countries and settings. In children, studies from the United States
and Germany have found lower CGM use in patients with low SES.”
In Germany, the association of CGM with area deprivation was pre-
sent in 2016 but was no longer significant in 2019.2° In the
United States, a difference in CSIl use was observed in multiple stud-
ies, whereas there was a non-linear association in CSlI use in Germany

between area deprivation quintiles.”2°=27 Similar to our findings, girls

0.63(0.54-0.75)  * Highvslow SES

e Middle vs low SES

(A) Outcomes in children Adjusted ORs (95 %Cl)

—— :
All-cause hospitalization— h

—— 0.83 (0.70 - 0.98)
1
:

! — 1.54 (1.24 - 1.62)
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in Germany more often used CSII, and this was not significant for
CGM use.?® Sex differences in paediatric diabetes care, specifically in
pump use and hospitalizations, have been reported in previous stud-
ies.28 Concerning hospitalizations in children, it is plausible that a large
share of the hospitalizations are diabetes-related as children tend to
have fewer comorbidities. A study from the German DPV registry
found a higher risk for hospitalizations in children with low SES-
related social parameters such as parental education and migration
background.?? Similarly, associations between SES and diabetic ketoa-
cidosis, glycaemic control and hypoglycaemia have previously been
described.*° Regarding adults, recent studies from the USA have
reported lower CSIl and CGM use in patients of all ages with lower
SES or less generous insurance.?>43! |n New Zealand lower SES was
also associated with lower CSII use in patients of all ages.'? Moreover,
a study from the United Kingdom evaluated the use of diabetes tech-
nology in adults and found less frequent use in participants from the
most deprived neighbourhoods.'* Comparing hospitalization patterns
in adults is less straightforward, as this may also be related to the
occurrence of complications or may be unrelated to diabetes, particu-
larly among the elder age categories. However, other studies have
also observed higher rates of hospitalizations for diabetic ketoacidosis
or hyperglycaemic hyperosmolar state and severe hypoglycaemia in
adults depending on area-level deprivation.>? Other studies have also
observed increased occurrence of cardiovascular complications in
patients with diabetes with low SES. A study with nationwide data
from Denmark in patients with type 2 diabetes found a higher 5-year
risk of first-time major adverse cardiovascular events.” A systematic
review on adults with type 1 diabetes found multiple studies with sig-
nificant associations between SES and cardiovascular disease or
events, such as renal disease, proliferative retinopathy, peripheral
arterial disease and neuropathy.*®

Future studies should further delve into these differences in the
use of hospital care and how they are associated with clinical out-
comes of patients with diabetes across SES categories, for example,
with data from the Dutch Paediatric and Adult Registry of Diabetes
(DPARD).*? It is known from observational studies that SES influences
clinical outcomes such as glycaemic control in type 1 diabetes.'®%° In
addition, a recent study has shown that CSIl and rtCGM, mediate the
association between SES and glycaemic control. Therefore, glycaemic
outcomes may improve because of better access to diabetes technol-
ogy, particularly in patients with low SES.3* These results warrant
strategies to improve equal access to technology for all patients. The
complexity of reimbursement conditions, the additional time and hos-
pital visits needed to start a new therapy form, and potential direct
and indirect costs outside of insurance coverage may unequally affect
patients from lower socio-economic backgrounds. Barriers may be
limited in this patient group by targeted education to increase knowl-
edge on diabetes self-management and reimbursement conditions,
universal insurance coverage, or subsidiaries to cover unexpected
costs. Another factor may be unconscious provider bias regarding the
suitability of diabetes technology for a patient, circumstances, or
potential language barriers, which requires awareness and time invest-

ment of diabetes teams. Moreover, the increased occurrence of

cardiovascular complications in adults with low SES underscores the
importance of SES-sensitive strategies to optimize specifically
the treatment of cardiometabolic risk factors in lower SES individuals
with diabetes. Improving targets for traditional cardiometabolic risk
factors, such as glycated haemoglobin, body mass index, blood pres-
sure, lipids and estimated glomerular filtration rate in type 2 diabetes,
have been shown to reduce cardiovascular disease risk significantly to
a level that equals control subjects without diabetes.® Screening and
treatment of risk factors are generally performed according to guide-
lines, but additional guidance and education may help patients who
repeatedly do not meet target levels. Consequently, when glycaemic
control and technology access is improved, and cardiovascular compli-
cations are targeted, this may also lead to a lower hospitalization bur-
den in patients with low SES.

Our study has several limitations. Because of the administra-
tive nature of the data, no clinical information was available on dia-
betes type, glycaemic control, or unmeasured lifestyle-related
confounders such as smoking and body mass index. In particular,
the adult patient group is expected to have a larger proportion of
type 2 diabetes, with an anticipated higher prevalence of low SES.
Our findings indicate the presence of disparities in diabetes hospi-
tal care, yet do not show the implications on clinical outcomes, and
show that linkage of clinical data to administrative data could be of
great value. In addition, flash glucose monitoring is not structurally
registered in Dutch reimbursement data and therefore there may
be misclassification bias of flash glucose monitoring users in the no
technology group. Because the data were limited to a year of
follow-up, the presence of vascular complications is cross-sectional
and only partially provides information on the medical history of a
patient. The COVID-19 pandemic may also have influenced care
patterns during follow-up. Moreover, registration errors could not
be omitted. Regarding SES, the heterogeneity in SES determinants
may hinder comparison with previous literature. Moreover, the
possibility of ecological fallacy should be considered, indicating that
outcomes of aggregated data do not necessarily translate well to
individuals that are part of the population data. Finally, a SES score
of a residential area may oversimplify the complex dimensions and
interactions present within the construct SES and does not con-
sider the variation of these factors within a residential area. How-
ever, to our knowledge, this study was the first in the Netherlands
to evaluate SES and its association with hospital resource use in a
large population of all ages and diabetes types. The results com-
prised all patients with diabetes in a hospital setting, which
increases the generalizability to similar settings in other high-
income countries. The population of all ages helps to create a total
overview of SES in patients with diabetes treated in hospitals,
whereas stratification in children and adults helps to interpret the
outcomes in these clinically distinct patient groups. It was also the
first study to assess diabetes technology use and its association
with SES among Dutch patients. Moreover, area-level SES indices
are commonly used and often most feasible and complete in
population-based or registry data, and therefore increase compara-

bility with other studies.
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5 | CONCLUSIONS

Significant health inequities are present in diabetes care for patients
treated in Dutch hospitals, regardless of a health care system with uni-
versal medical care coverage. Patients with low SES have an unfavour-
able diabetes care profile, encompassing more hospitalizations and
less technology use. In addition, they more often have macrovascular
and microvascular complications. These disparities warrant specific
attention, specifically in children, to guarantee equality in diabetes-

related outcomes later in life.
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