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Summary

Background Low socioeconomic position may affect initiation of sodium-glucose cotransporter-2 inhibitors (SGLT-  The Lancet Regional
2i) and glucacon-like-peptide-1 receptor agonists (GLP-IRA) among patients with type 2 diabetes (T2D). We exam- Health - Europe
ined the association between socioeconomic position and initiation of SGLT-2i or GLP-1RA in patients with T2D at 2022;14: 100308
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time of first intensification of antidiabetic treatment. https://doi.org/10.1016/.
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Methods Through nationwide registers, we identified all Danish patients on metformin who initiated second-line

add-on therapy between December 10, 2012, and December 31, 2020. For each time period (2012-2014, 2015-2017,
and 2018-2020), we used multivariable multinomial logistic regression to associate disposable income, as proxy for
socioeconomic position, with the probability of initiating a specific second-line treatment at time of first intensifica-
tion. We reported probabilities standardised to the distribution of demographics and comorbidities of patients
included in the last period (2018-2020).

Findings We included 48913 patients (median age 62 years; 61-7% men). In each time period, high-income patients
were more often men and had less comorbidities as compared with low income-patients. In each time period, the
standardised probability of initiating a SGLT-2i or a GLP-1RA was significantly higher in the highest income group
compared with the lowest: 11-4% vs. 9-5% (probability ratio [PR] 1-21, 95 % confidence interval [CI] 1-01-1-44) in
2012-2014; 22:6% vs. 19.6% (PR 115, CI 1-05-1-27) in 2015-2017; and 65-8% vs. 54-8% (PR 1-20, CI 1-16-1-24) in
2018-2020. The differences by income were consistent across multiple subgroups.

Interpretation Despite a universal healthcare system, low socioeconomic position was consistently associated with a
lower probability of initiating a SGLT-2i or a GLP-1RA. These disparities may widen the future socioeconomic gap
in cardiovascular outcomes.
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Research in context

Evidence before this study

Between 2015 and 2017, sodium-glucose cotransporter-
2 inhibitors (SGLT-2i) and glucagon-like-peptide-1
receptor agonists were shown to reduce cardiovascular
events in patients with type 2 diabetes and cardiovascu-
lar disease. Thus, from 2018, international guidelines
recommended a broader use of SGLT-2i or GLP-1RA.
The literature suggest that low socioeconomic position
may negatively affect initiation of new drugs but also
that this association may vary between drugs and target
populations. We searched PubMed for relevant publica-
tions up to November 18, 2021 using the following
search terms: ("socioeconomic factors"[Mesh] or "social
class" [Mesh] or "socioeconomic” [tiab] or "social" [tiab]
or "income" [tiab] or "education*" [tiab] or "depriv*"
[tiab]) and ("Sodium-Glucose Transporter 2 Inhibitors"[-
Mesh] or "sodium-glucose cotransporter-2" [tiab] or
"sglt*" [tiab] or "Glucagon-Like Peptide 1"[Mesh] or
"glp1*" [tiab] or "glp-1*" [tiab] or "glucagon-like-pep-
tide-1" [tiab]) and ("diabet*" [tiab] or "Diabetes Mellitus,
Type 2"[Mesh]). A few studies have investigated socio-
economic differences in initiation SGLT-2i or GLP-1RA in
the period parallel to the publication of the cardiovascu-
lar outcome trials (2015-2017). Thus, one Australian
study and one multinational study found lower likeli-
hood of initiation of SGLT-2i and GLP-1RA in patients
with low area-based socioeconomic position or low
educational level. Further, one British study found lower
use of SGLT-2i in patients from the most deprived areas.
In contrast, another English study had opposite findings,
with a higher use of GLP-1RA among the most deprived
patients and no disparities in use of SGLT-2i. Yet, this
study had a high risk of bias, as they did not account for
differential needs of intensification. After international
guidelines were updated in 2018, the evidence is even
more scarce. Two American studies revealed lower like-
lihood of initiation of these novel drugs among low
income patients. However, to our knowledge, after the
guideline recommendations changed in 2018, no large
studies have investigated the relationship between
socioeconomic position and initiation of SGLT-2i or
GLP-1RA in countries with a strong universal healthcare
system as found in Scandinavia.

Added value of this study

In this Danish nationwide study, we examined the asso-
ciation between socioeconomic position and initiation
of either a SGLT-2i or a GLP-1RA at time of first intensifi-
cation of antidiabetic treatment among metformin-

treated patients with type 2 diabetes. In each time-
period (2012-2014, 2015-2017, and 2018-2020), we
found pronounced socioeconomic differences in initia-
tion of a SGLT-2i or a GLP-1 RA, with significantly lower
probabilities of initiating these drugs among patients
with low socioeconomic position. This gap was inde-
pendent of age, sex, ethnicity, clinically established car-
diovascular disease, and specialist care. Moreover,
disparities were even present in the subgroup of
patients with cardiovascular disease, after guidelines
recommended SGLT-2i or GLP-1RA to these patients.

Implications of all the available evidence

The observed socioeconomic disparities in initiation
with SGLT-2i and GLP-1RA may widen the future socio-
economic gap in cardiovascular outcomes among
patients with type 2 diabetes. The differences in treat-
ment were evident even in a Danish system of universal
healthcare coverage and limited costs of medication.
These findings underscore the importance of consider-
ing socioeconomic disparities in dissemination strate-
gies of novel evidence-based drugs.

Introduction
Socioeconomic disparities in risk of major adverse cardio-
vascular events have been shown among patients with
type 2 diabetes (T2D)."” In part, inequalities in diabetes
care, including treatment with evidence based cardiovas-
cular medication, may contribute to disparities in cardio-
vascular outcomes.* Until recently, cardiovascular
preventive medication mainly relied on lipid-lowering
and blood pressure-lowering drugs, whereas the effect of
glucose-lowering drugs were controversial’® However,
from 2015 to 2017, large cardiovascular outcome trials
showed substantial cardiovascular protective effects of
sodium-glucose cotransporter-2 inhibitors (SGLT-2i) and
glucagon-like-peptide-1 receptor agonists (GLP-1RA) in
patients with T2D and cardiovascular disease.’® Thus,
Danish and international guidelines were revised in
2018.7"° While metformin remained the recommended
drug at first-line, the recommendations of second-line
add-on therapy was altered from an individualized choice
to initiation of a SGLT-2i or a GLP-1RA in patients with
clinically established cardiovascular disease.”"®

A few studies, conducted in the period concurrent
with the large outcome trials, suggest that patients with
low socioeconomic position, examined by area scores or
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educational level, are less likely to receive treatment
with SGLT-2i or GLP-IRA.""" Yet, after the guidelines
recommendations changed in 2018, the evidence is
even more limited."*" Disparities in adoption of these
new evidence-based drugs may adversely affect cardio-
vascular outcomes in patients with low socioeconomic
position. Therefore, the purpose of this study is to exam-
ine potential socioeconomic differences in initiation of a
SGLT-2i or a GLP-1RA as second-line add-on drug in a
contemporary nationwide cohort of metformin-treated
patients with T2D. We hypothesized that patients with
low socioeconomic were less likely to initiate a SGLT-2i
or a GLP-1RA at time of first intensification compared
with patients with high socioeconomic position, even
after the update of guidelines.

Methods

Setting

In Denmark, most patients with T2D are managed in
primary care, with specialist care mainly restricted to
patients with complications or patients not reaching
treatment targets. From 2018, additional 25000
patients with T2D were obliged to move from outpatient
clinics to primary care after the enforcement of a new
Danish national primary care contract.”® The Danish
healthcare system is mainly tax-funded and offers free
access to medical care and automatic threshold-based
reimbursements for prescribed drugs according to the
patient’s total medicine expenses during a one-year
period from the time of first redeemed prescription.
Patients fully pay for the first 135 Euros, while expendi-
tures exceeding this amount trigger reimbursements in
steps of 50%, 75%, 85%, and 100% with a maximum
annual expenditure of 574 Euros (December 2020)."”

Data sources

We conducted a nationwide observational study by com-
bining individual-level data from five different Danish
administrative registers: 1) the Danish Civil Registration
System with information on demographics, migration,
vital status, and ethnicity;'® 2) the Danish National
Patient Register with information on all hospital admis-
sions since 1977 and outpatient visits since 1995, coded
according to the International Classification of Diseases
(ICD-8 until 1993 and ICD-10 since 1994), and proce-
dures since 1996;'? 3) the Danish National Prescription
Register with information on all redeemed prescriptions
since 1995, coded according to the Anatomical Thera-
peutic Chemical (ATC) system;*° 4) the Danish Income
Statistics Register with information on income;*" and 5)
the Danish Student Register with information on educa-
tional level.**
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Study population

We identified all Danish residents treated with metfor-
min-monotherapy (ATC-code A10ABo2), who initiated
second-line add-on antidiabetic treatment between
December 10, 2012 and December 31, 2020. The study
start date (December 10™ 2012) was chosen to corre-
spond to the date that SGLT-2i became available for pre-
scription in Denmark (Supplementary table 1). We
defined the index date to be the date of initiation of sec-
ond-line add-on therapy, and defined second-line add-
on therapy as: 1) a filled prescription of a second-line
drug (see Outcomes and definitions); 2) no prior use of
any other glucose-lowering drug besides metformin; 3)
at least two prescriptions for metformin, with the latest
within 180 days prior to start of second-line therapy;
and 4) duration of metformin-monotherapy of >
180 days.

We included patients aged 40 to 79 years at start of
second-line treatment. We excluded patients who were
prescribed two or more classes of second-line drugs on
the same day and all patients initiating the brand-
named liraglutide, Saxenda®, as it is only approved for
chronic weight management in Denmark. Further, we
excluded patients with prescriptions for thiazolidine-
diones, alpha-glucosidase inhibitors, and meglitinides,
since they are rarely prescribed in Denmark. Moreover,
alpha-glucosidase inhibitors were withdrawn from the
Danish market in 2016." Further exclusion criteria are
shown in Figure 1.

Baseline medication and comorbidities

We defined baseline medications as claimed prescrip-
tions in the 180 days prior to initiation of second-line
therapy (Supplementary table 3 for ATC-codes). We
defined baseline comorbidities from discharge diagno-
ses codes in the prior 10 years, or by use of condition-
specific medications (Supplementary table 2).

Socioeconomic position

We defined socioeconomic position from equivalised dis-
posable income, as income and wealth are suggested as
the most proper indicators of socioeconomic position for
patients in the active professional life and during the first
years of retirement.”*> This was measured from the total
household income divided by the weighted number of
household members according to the Organization for
Economic Co-operation and Development (OECD) modi-
fied scale (first adult counted as 1, further adults o.5, and
household members younger than 14 years as 0.3).>* We
corrected income for inflation to year 2015. To minimise
the influence of yearly variations, we used the five-year
mean income up to the year prior to the date of initiation
of second-line treatment (Supplementary table 2). Within
each time period (2012-2014, 2015-2017, and 2018-2020)
and age-group (40-64 and 65-79 years), we assigned
patients one of three groups of income: lowest quartile
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Patients in metformin monotherapy initiating
second-line therapy between December 10, 2012,
and December 31, 2020.
n= 57854

Excluded, n =8939:
- Not aged 40-79 years, n = 7450
- History of ESRD, n =53
- Initiation of other second-line drugs, n = 93
- >2redeemed prescriptions of second-line

drugs the same day, n = 351
- Redeemed prescription of Saxenda®, n = 94
- Emigration prior to index, n = 190
- Missing information on income, n = 708

Final study population

n=48915
GLP-1RA SGLT-2i DPP-4i SU Insulin
n=06141 n=12423 n=20981 n= 6269 n=3101

Figure 1. Study population flow diagram.

DPP-4i, dipeptidyl peptidase-4 inhibitors; ESRD, end-stage renal disease; GLP-1RA, glucagon-like-peptide-1 receptor agonists;
SGLT-2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas.

(low), two middle quartiles (middle), and the highest
quartile (high). We used quartiles to single out the 25%
most and 25% least deprived patients at time of first
intensification. Further, when investigating subgroups
according to sex and ethnicity, quartiles of income were
specific according to these variables. In sensitivity analy-
ses, we investigated the highest attained educational level
as exposure instead of income. Educational level were
divided into three groups in relation to the International
Classification of Education (ISCED): 1) basic education
(ISCED level o-2); 2) high school and vocational educa-
tion (ISCED level 3); and 3) higher education comprising
short-term higher education, bachelor’s/masters/doctoral
degree or equivalent (ISCED level 5 or higher).*®

Outcomes and definitions

The primary outcome was defined as prescription of
either a SGLT-2i or a GLP-1RA as second-line add-on
treatment for type 2 diabetes (identified through ATC
codes, see supplementary table 3). The secondary out-
comes were initiation of dipeptidyl peptidase-4 inhibi-
tors (DPP-4i), sulfonylurea (SU), insulin, and GLP-
1RAs and SGLT-2i as individual outcomes.

In order to account for temporal differences in pre-
scription patterns and in level of evidence due to publi-
cation of landmark trials and guideline modifications,
we considered three different time periods: 1) from year
2012 to 2014 (prior to publication of the cardiovascular
outcome trials); 2) from year 2015 to 2017 (publication

of the cardiovascular outcome trials); and 3) from year
2018 to 2020 (update of guidelines). For SGLT-2i and
GLP-1RA specifically in the time period 2018-2020, we
performed subgroup analyses according to sex, age-
group (40-64, 65-79 years), cardiovascular disease sta-
tus, receiving specialist care, and ethnicity. We chose
only to look at this time period, as this period represent
the updated guideline recommendations, as well as the
most contemporary data on SLGT-2i/GLP-1RA use.

We defined cardiovascular disease as ischemic heart
disease, stroke, peripheral vascular disease, or heart fail-
ure registered at any time prior to index date (Supple-
mentary table 2). Specialist care for diabetes was
defined as out-patient hospital contacts with depart-
ments of endocrinology or general internal medicine
with diabetes as primary diagnoses (ICD-10 codes E1o-
E14, O24 (excluding gestational diabetes O24.4) or
H36.0).>° The contacts had to be ongoing or finished
within go days prior to initiation of second-line therapy.

Statistical analyses
We summarized categorical variables using counts and
percentages and continuous variables using medians
with interquartile ranges (IQR), according to income
group. We also stratified baseline characteristics further
according to time periods.

We analysed all metformin-monotherapy patients
who intensified treatment in any of the three different
time periods (2012-2014, 2015-2017, and 2018-2020)
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according to income group at the date of intensification.
For each calendar time period separately, we used multi-
nomial logistic regression to associate income group
with the probability of initiating the specific second-line
treatments (SGLT-2i, GLP-1RA, DPP-4i, SU, and insu-
lin) at time of first intensification. The model was
adjusted for additive effects of age (restricted cubic
splines with three knots), sex, ethnicity, cohabitation
status, region of residence (one of five administrative
regions in Denmark), duration of T2D, specialist care,
diagnoses of ischemic heart disease, stroke, heart fail-
ure, renal disease, hypertension, and treatment with
loop diuretics, statins, and antithrombotics. We
obtained the standardised probabilities of initiating the
different second-line treatments in each time period as
follows. As our reference population we used all
patients that started second-line treatment in the period
2018-2020. We applied the multinomial logistic models
to predict the treatment probabilities based on the
observed characteristics of each patient in the reference
population by also (artificially) setting the income group
to a given value, i.e., first to "low", then to "middle", and
then to "high”. For all income groups in each time
period, we reported the average of the predicted proba-
bilities across the reference population. For SGLT-2i
and GLP-1RA, we also reported marginal effects as prob-
ability ratios between the standardised probabilities in
different income groups. 95% confidence intervals (CI)
were obtained based on 1000 bootstrap samples. In sen-
sitivity analyses, we examined educational level instead
of income.

For the time period 2018-2020, we performed sub-
group analyses according to sex, age-group (40-64, 65-
79 years), cardiovascular disease status, and receiving
specialist care and reported results for SGLT-2i and
GLP-1RA (as a combined outcome and as individual out-
comes). We repeated these subgroup analyses after
excluding initiators of insulin from the reference group.
The statistical significance threshold was set at 5%. All
analyses were performed in R, version 4.0.3.*”

Ethics

Approval for use of data for this study was granted by
The Knowledge Centre on Data Protection Compliance
— The Capital Region of Denmark (approval number:
P-2019-191). Register-based studies do not need ethical
approval in Denmark.

Role of the funding source

The work was funded by unrestricted grants from
‘Region Sjaelland Den Sundhedsvidenskabelige For-
skningsfond’ and ‘Murermester Lauritz Peter Christen-
sen og hustru Kirsten Sigrid Christensens Fond” who
had no influence on the analyses or manuscript.
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Results

Study population and baseline characteristics

The final study population consisted of 48915 patients
(Figure 1). Baseline characteristics differed according to
income (Table). Compared with low-income patients,
high-income patients were more likely to be men. More-
over, they were slightly older, more educated, less likely
to live alone, had a lower prevalence of cardiovascular
disease, and were more frequently treated with guide-
line recommended cardiovascular preventative medica-
tion (statins and renin-angiotensin system inhibitors).
Further, no income differences in specialist care were
observed. Similar patterns were observed for each spe-
cific time period (Supplementary table 4-6). Yet, expect-
edly due to the new Danish national primary care
contract, the overall proportion of patients receiving spe-
cialist care decreased from 13-0 % in 2012-2014 t0 5-6%
in 2018-2020.

Income inequalities in initiation of SGLT-2i or GLP-1RA
In each time period, the standardised probability of initi-
ating SGLT-2i or GLP-1RA, at time of first intensification,
were significantly higher in the highest income group
compared with the lowest income group (Figures 2 and
4): probability ratio (PR), 1-21 (CI 1-01-1-44) in 2012-
2014; PR, 1-15 (CI 1-05-1-27) in 2015-2017; and PR, 1-20
(CI 1-16-1-24) in 2018-2020. Income inequalities were
also present when examining SGLT-2i and GLP-1RA as
individual drug classes (Figure 3 and Supplementary
figure 1).

In general, the standardised probability of initiating
either a SGLT-2i or a GLP-1RA, at time of first intensifi-
cation, increased over time (Figure 2). For all income
groups in 2018-2020, SGLT-2i were the most pre-
scribed class of second-line glucose-lowering treatment
followed by DPP-4is and GLP-1 RAs. Until 2018, the
probability of initiating DPP-4i increased with increas-
ing income (Figure 2). In 2018-2020, income showed
an inverse association with DDP-4i, with the lowest
probability among the highest income group (Figure 2).

Subgroup analyses of patients initiating SGLT-2i or
GLP-1RA between 2018 and 2020

For the time period 2018-2020, income inequalities
were consistent in subgroups of age, sex, and ethnic-
ity, with a higher probability of initiating a SGLT-2i
or a GLP-1RA with higher income group (Figure 5). In
each income group, the estimates were slightly higher
for younger patients (40-64 years) compared with
older patients (65-79 years) and higher for Danish
natives compared with immigrants and descendants.
The presence of cardiovascular disease did not modify
the socioeconomic disparities in initiation of a SGLT-
2i or a GLP-1RA (Figure 5). Among patients receiving
specialist care, no significant association with income
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Variable Total Low income Middle income High income
(n=48915) (n=12231) (n=24455) (n=12229)
Age, (years) 62 [54, 69] 61[52,71] 62 [53, 69] 62 [56, 68]
Male sex, (%) 30175 (61-7) 6829 (55-8) 14821 (60-6) 8525 (69-7)
Income, (Euros) 29602 [23061, 39064] 20223 [17806, 21799] 29603 [26031, 33752] 47124 [42520, 55170]
Educational level, (%)
Basic education 17329 (35-4) 6063 (49-6) 9011 (36-8) 2255 (18-4)
High school or vocational 21746 (44-4) 4362 (35-7) 11572 (47-3) 5812 (47-5)
Higher education 8517 (17-4) 1130(9-2) 3341 (13.7) 4046 (33-1)
Unknown 1323 (2-7) 676 (5-5) 531 (2-1) 116 (0-9)
Ethnicity (%)
Native Danish 42454 (86-8) 8568 (70-1) 22185 (90-7) 11701 (95-7)
Immigrant 6330 (12-9) 3624 (29:6) 2199 (9-0) 507 (4-1)
Descendant 131(0-3) 39(0-3) 71(0-3) 21(0-2)
Living alone (%) 17676 (36-1) 6890 (56-3) 8636 (35-3) 2150 (17-6)
Region of residence (%)
Capital Region of Denmark 12859 (26-3) 3457 (28-3) 5609 (22-9) 3793 (31-0)
Region Zealand 8367 (17-1) 1936 (15-8) 4223 (17-3) 2208 (18-1)
Region of Southern Denmark 10582 (21-6) 2749 (22-5) 5612 (22-9) 2221(18-2)
Central Denmark Region 11685 (23-9) 2705 (22-1) 6107 (25-0) 2873 (23-5)
North Denmark Region 5422 (11-1) 1384 (11-3) 2904 (11-9) 1134 (9-3)
Specialist care (%) 4392 (9-0) 1135(9-3) 2160 (8-8) 1097 (9-0)
T2D duration (years) 412,6] 412,6] 412,6] 41[2,6]
Comorbidities (%)
Ischemic heart disease 8720(17-8) 2398 (19-6) 4379 (17-9) 1943 (15-9)
Peripheral artery disease 1789 (3-7) 513 (4-2) 946 (3-9) 330(2-7)
Stroke 2967 (6-1) 829 (6-8) 1502 (6-1) 636 (5-2)
Heart failure 3014 (6-2) 865 (7-1) 1562 (6-4) 587 (4-8)
Atrial fibrillation 3787 (7-7) 968 (7-9) 1935 (7-9) 884 (7-2)
Hypertension 28259 (57-8) 6898 (56-4) 14300 (58-5) 7061 (57-7)
COPD/Asthma 6844 (14-0) 2110 (17-3) 3501 (14-3) 1233 (10-1)
Chronic Kidney Disease 1975 (4-0) 545 (4-5) 1023 (4-2) 407 (3-3)
Cancer 4735 (9-7) 1106 (9-0) 2405 (9-8) 1224 (10-0)
Depression 7403 (15-1) 2519 (20-6) 3812 (15:6) 1072 (8-8)
Bipolar/Psychotic disorders 2328 (4-8) 952 (7-8) 1194 (4-9) 182 (1-5)
Pharmacotherapy (%)
SGLT-2i 12423 (25-4) 2799 (22-9) 6276 (25-7) 3348 (27-4)
GLP-1RA 6141 (12-6) 1296 (10-6) 3116 (12.7) 1729 (14-1)
DPP-4i 20981 (42-9) 5228 (42-7) 10425 (42-6) 5328 (43-6)
Sulfonylurea 6269 (12-8) 2001 (16-4) 3040 (12-4) 1228 (10-0)
Insulin 3101 (6-3) 907 (7-4) 1598 (6-5) 596 (4-9)
Statins 34853 (71-3) 8520 (69-7) 17526 (71-7) 8807 (72-0)
RASI 30934 (63-2) 7268 (59-4) 15595 (63-8) 8071 (66-0)
Antithrombotics 13564 (27-7) 3514 (28.7) 6774 (27-7) 3276 (26-8)
Anticoagulants 4172 (8-5) 1077 (8-8) 2107 (8-6) 988 (8-1)
Beta blockers 12831 (26-2) 3323(27-2) 6567 (26-9) 2941 (24-0)
Loop diuretics 5723 (11-7) 1720 (14-1) 3081 (12-6) 922 (7-5)
Thiazide 6997 (14-3) 1621 (13-3) 3633 (14-9) 1743 (14-3)
Ca channel blockers 13836 (28-3) 3282 (26-8) 7015 (28-7) 3539 (28:9)
Table: Baseline characteristics of the 48915 patients with type 2 diabetes according to income group.
Data are presented as median values (interquartile ranges [IQR]) for continuous variables and as numbers (percentages) for categorical variables. COPD,
chronic obstructive pulmonary disease; DPP-4i, dipeptidyl peptidase-4 inhibitors; GLP-IRA, glucagon-like peptide-1 receptor agonists; RAS, renin-angiotensin
system; SGLT-2i, sodium glucose co-transporter 2 inhibitors.
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Figure 2. Standardised probability of initiating different classes of glucose-lowering drugs as second-line add-on therapy at time of
first intensification according to income group and time period.

Standardised with the respect to the distribution of age, sex, ethnicity, cohabitation status, duration of type 2 diabetes, specialist
care, region of residence, ischemic heart disease, peripheral artery disease, stroke, heart failure, renal disease, hypertension, loop
diuretics, statins, and antithrombotics of all included patients in the last time period (2018-2020). Three different time periods are
considered according to the cardiovascular outcome trials and the update of guidelines: (i) from year 2012 to 2014 (prior to publica-
tion of the cardiovascular outcome trials); (ii) from year 2015 to 2017 (publication of the cardiovascular outcome trials); (iii) from
year 2018 to 2020 (update of guidelines).

DPP-4i, dipeptidyl peptidase-4 inhibitors; ESRD, end-stage renal disease; GLP-1RA, glucagon-like-peptide-1 receptor agonists;
SGLT-2i, sodium-glucose cotransporter-2 inhibitors; SU, sulfonylureas.
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Figure 3. Standardised probability of initiating a SGLT-2i or a
GLP-1 RA, as individual drug classes, according to income group
and time period.

Standardised with the respect to the distribution of age, sex,
ethnicity, cohabitation status, duration of type 2 diabetes, spe-
cialist care, region of residence, ischemic heart disease, periph-
eral artery disease, stroke, heart failure, renal disease,
hypertension, loop diuretics, statins, and antithrombotics of all
included patients in the last time period (2018-2020). Three dif-
ferent time periods are considered according to the cardiovas-
cular outcome trials and the update of guidelines: (i) from year
2012 to 2014 (prior to publication of the cardiovascular out-
come trials); (i) from year 2015 to 2017 (publication of the car-
diovascular outcome trials); (iii) from year 2018 to 2020 (update
of guidelines). GLP-1 RA, glucagon-like-peptide-1 receptor ago-
nists; SGLT-2i, sodium-glucose cotransporter-2 inhibitors.

was observed (Figure 5). Across income groups, we
observed slightly lower estimates of initiation of a
SGLT-2i or a GLP-1RA in the specialist care group
than in the none-specialist care group. Yet, when
excluding insulin from the reference group, the pre-
ferred drug of choice in patients with very poor gly-
caemic control, we observed higher estimates across
income groups among patients receiving specialist
care (Supplementary figure 2). Moreover, among
these patients, we observed borderline significant
socioeconomic disparities in initiation of a SGLT-2i
or a GLP-1RA.

In separate subgroup analyses, the results of SGLT-
2i and GLP-1RA were almost consistent with the results
of the combined outcome (Supplementary figures 3 and
5). Yet, among immigrants and descendants, we
observed pronounced income differences for GLP-1RA,
but no significant differences for SGLT-2i. Moreover,
after exclusion of insulin from the reference group, we
observed borderline income inequalities only for GLP-
IRA among patients receiving specialist care (Supple-
mentary figures 4 and 6).

Educational level

Baseline characteristics differed according to educa-
tional level in a similar pattern as according to income
(Supplementary table 7). Further, in each time-period
the probabilities of initiating SGLT-2i or GLP-IRA were
higher in patients with highest educational level com-
pared with lowest educational level: PR 1-17 (CI, 0.98-
1-39) in 2012-2014, PR 1:19 (CI, 1-10-1-30) in 2015-2017,
and PR 1-08 (CI, 1-04-1-11) in 2018-2020 (Supplemen-
tary figures 7-8).

Discussion

This nationwide study is the first large European study
investigating socioeconomic differences in treatment
with SGLT-2i and GLP-1RA after guidelines have been
modified to recommend these drugs as second-line add-
on treatment in patients with T2D and established car-
diovascular disease. In each time-period, we found pro-
nounced socioeconomic differences in initiation of a
SGLT-2i or a GLP-1RA over other second-line add-on
drugs at time of first intensification, with significantly
lower probabilities of initiating these drugs among
patients with low socioeconomic position. This gap was
independent of age, sex, ethnicity, prevalent cardiovas-
cular disease, and specialist care. Further, in the sub-
group of patients with cardiovascular disease,
inequalities were evident even after the update of guide-
lines. This indicates that there is much room for
improvement and that patients with low socioeconomic
position may be less likely to be treated with new evi-
dence-based medication. Of note, these socioeconomic
differences were found with the Danish system of
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Time period/ Probability (%) SGLT-2i/ Probability ratio
Income group [95% CI] GLP-1RA [95% CI]
Year 2018-2020
Low income 54-8 [53:5—56-2] ® Reference
Middle income 602 [592-61-1] 11 1-10 [1-07-1-13]
High income 65-8 [64:5-669] o4 120 [1-16—1-24]
Year 20152017
Low income 196 [18-3—21-0] ® Reference
Middle income 21-8 [20-9-226] —e— 1-11[1-03—1-20]
High income 226 [21-3-24-0] +—o—i 1-15[1-05-1-27]
Year 20122014
Low income 9-5[8-3-10-8] ® Reference
Middle income 102[94-11-1] ——— 1-08 [0-92—-1-27]
High income 11-4[102—-12-8] —— 121 [1-01-1-44]
| |
0-75 1-0 1:5

Probability ratio [95% CI]

Figure 4. Forest plot depicting standardised probability ratios of initiating either a SGLT-2i or a GLP-1 RA at time of first intensifica-

tion according to income group and time period.

Standardised with the respect to the distribution of age, sex, ethnicity, cohabitation status, duration of type 2 diabetes, specialist
care, region of residence, ischemic heart disease, peripheral artery disease, stroke, heart failure, renal disease, hypertension, loop
diuretics, statins, and antithrombotics of all included patients in the last time period (2018-2020).

Cl, confidence interval; GLP-1RA, glucagon-like-peptide-1 receptor agonist; SGLT-2i, sodium-glucose cotransporter-2 inhibitor.

universal healthcare coverage and limited costs of medi-
cation. Socioeconomic disparities in use of evidence-
based medication may be even more prominent in other
countries with higher levels of social inequalities.
Nevertheless, our results support the inverse equity
hypothesis, which postulates that new health inter-
ventions are initially adopted by the wealthy individ-
uals and thus increase inequalities.>® Thus, in the
long-term, these disparities may widen the socioeco-
nomic gap in cardiovascular outcomes in patients
with T2D. Importantly, this gap may widen even fur-
ther, since patients with low socioeconomic position
may have benefitted the most from treatment with
SGLT-2i or GLP-1RA, as low socioeconomic position
has been linked to several (unmeasured) cardiovascu-
lar risk factors such as smoking and higher levels of

www.thelancet.com Vol 14 Month March, 2022

blood pressure and body mass index, especially
among women.>93°

A few studies have investigated socioeconomic dif-
ferences in use of SGLT-2i or GLP-1RA concurrent with
the cardiovascular outcome trials" ™' and two large
studies after the update of guidelines in 2018."*"> The
results from these studies are mixed. Further, the varia-
tions in study design make interpretation and compari-
son difficult. We strictly investigated prescription
patterns at time of first intensification in metformin-
treated patients. In this way, we ensured comparability
by accounting for differential needs of intensification
across socioeconomic position, as patients with low
socioeconomic position may develop more advanced
diabetes. Moreover, we were able to reflect recent
changes in decision making in clinical practice, to



Articles

10

Probability (%) SGLT-2i/ Probability ratio Probability (%) SGLT-2i/  Probability ratio

Income group [95% CI] GLP-1RA [95% CI] [95% CI] GLP-1RA [95% CI]

Age 40—64 Age 65-79
Low income 574 [55-7-59-1] [] Reference 487 [46-7-50-8] [] Reference
Middle income 642 [63-1-654] L g 1-12 [1-08-1:16] 54-5[53:1-56-0] - 1-12 [1-:06—1-18]
High income 70-0 [68-3—71"5] o 122 [1-17-126] 60-6 [58-4—62-6] e 124 [1-17-1-32]

Male Female

Low income 54-3 [52-4-559] (] Reference 56-0 [53:6-58-3] (] Reference
Middle income 605 [59-4—617] ror 111 [1:07-1-16] 596 [582-61-2] [ 1:07 [1-02-1-12]
High income 654 [63-8—669] o 1220 [1-16-125] 662 [642—68-3] o 1-18 [1-13—1-25]

CV disease No CV disease
Low income 56-1 [53-5-58-7] [] Reference 54-5 [52:8—56-0] [] Reference
Middle income 633 [61-5-651] e 1-13 [1-07-1-19] 59-0 [58-0-60-1] L4 1-08 [1-05-1-12]
High income 685 [659-71-0] e 122 [1-15-1-30] 649 [63-5-663] o 1-19 [1-15—-1-24]

Specialist care No specialist care

Low income 539 [48-2-59-4] (] Reference 549 [53-5-56-4] (] Reference
Middle income  54-7 [50-8—58-4] —— 1-01 [0-90—1-16]  60-5 [59-6—61-4] o 1-10 [1-07-1-13]
High income 557 [49-9-61-4] —— 1-03 [0-89-120]  66°3 [65:0—-67-6] o 1221 [1-17-1-25]

Immigrant/

Descendant Native Danish
Low income 50-8 [47-4-54-3] (] Reference 553 [54:0-56-8] (] Reference
Middle income 552 [52-7-57-5] —e— 1-09 [1-00-1-17] 612 [60-3—62-3] L] 1-11[1-08-1-14]
High income 596 [56-2—62-8] —o—i 1-17 [1-08—128] 662 [649-67-6] 1ol 120 [1-16—1-24]

T 1 T 1
075 10 15 075 10 155

Probability ratio [95% CI]

Probability ratio [95% CI]

Figure 5. Forest plot depicting standardised probability ratios of initiating either a SGLT-2i or a GLP-1RA at time of first intensifica-
tion according to income group and subgroups between 2018 and 2020.

Cl, confidence interval; CV disease, cardiovascular disease defined as ischemic heart disease, peripheral artery disease, stroke, or
heart failure; GLP-1RA, glucagon-like-peptide-1 receptor agonist; SGLT-2i, sodium-glucose cotransporter-2 inhibitor.

reflect guidelines with metformin as first choice without
the biased influence of other drugs at first-line, and to
account for relevant patient characteristics at time of
intensification.

In contrast to our findings, an English study
between 2012 and 2016, found that low area-based
socioeconomic position was associated with increased
prescriptions of GLP-1RA and all other classes of glu-
cose-lowering drugs, aside from SGLT-2i where no dif-
ferences were observed.’’ However, these results were

most likely downwardly biased by a higher need for
intensification of antidiabetic treatment in the most
deprived patients, as they investigated total prescrip-
tions without considerations of stages of intensification.
Moreover, due to non-differential misclassification, using
area-based measures of socioeconomic position may
have biased the true individual-level effect towards the
null. Interpretation of the results were further compli-
cated as British guidelines only recommended SGLT-2i
at first intensification if SU were contraindicated and did
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not recommend GLP-IRA
instensification.**

One Australian study, one multinational study, and
one British study presented results consistent with our
findings."" Despite not considering different stages of
antidiabetic treatment, the Australian study found lower
likelihood of add-on treatment of SGLT-2i (2013-2015)
and GLP-1RA (2010-2015) among patients with T2D
and low area-based socioeconomic position.” The Brit-
ish study (2014-2017) reported significant lower odds of
initiating SGLT-2i at second-line add-on therapy on top
of metformin in patients from the most deprived
areas.”” However, this was evident in a British setting
where patients initiating SGLT-2i may represent a
selected patient group due to local guidelines.*”
Between 2014 and 2016, the multinational study
reported lower odds of receiving a SGLT-2i or a GLP-
1RA relative to a SU at first time of intensification in
patients with low educational level.”* These disparities
were observed despite an overrepresentation of patients
from urban areas in each country, leading to a possible
underestimation of disparities. Yet, the results only
reflected the very early adoption of these drugs, since
the overall use of SGLT-2i and GLP-1RA as second-line
treatment were low (1-3% vs. 43 %). In comparison, the
use of SGLT-2i and GLP-1RA in our study increased
over time across all income groups and were much
more widespread (overall use of SGLT-2i and GLP-RA
in 2018-2020: 42-5% vs. 17-8%).

Despite the fact that all patients were insured by com-
mercial health plans or Medicare Advance, two large
American studies, McCoy et al. (2016-2019) and Eberly
et al. (2015-2019), found significantly lower likelihood of
overall prescriptions for SGLT-2i and/or GLP-1RA
among patients with low zip-coded income.'*"> These
results were consistent with our findings. Nevertheless,
as heterogeneity exist in commercial health plans, the
results from an American setting may not be applicable
into a Danish setting with universal health care.

We found a relatively high usage of SGLT-2i or GLP-
1RA among patients with cardiovascular disease. Yet, in
this subgroup, the probabilities were only modestly
higher across socioeconomic position compared with
patients without cardiovascular disease. Thus, our
results indicate that the positive results from clinical tri-
als in patients with cardiovascular disease may have
increased knowledge, awareness, and confidence in pre-
scribing these drugs in general, but also suggest a need
for increasing focus on prescribing these beneficial
drugs in patients with cardiovascular disease across
socioeconomic position.

As a key secondary finding, we found that the ini-
tial disparities of prescription of DPP-4i were
inversed between 2018 and 2020 after the update of
guidelines. As DPP-4i, SGLT-2i, and GLP-1RA are all
expensive drugs, this suggest that even when expen-
sive medication is decided, patients with high

in any case at first
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socioeconomic position receive the most beneficial
treatment.

Since guidelines are based on a shared decision-mak-
ing approach with considerations of patient preferences
and differential costs of therapy, it is essential to investi-
gate disparities in adoption of new guideline recom-
mended medication after showing beneficial effects.”’®
Thus, the literature suggests that physicians try to bal-
ance efficacy and costs. Yet, physicians seem to be less
reluctant to prescribe more costly, but also more effec-
tive drugs.’®> Nevertheless, costs had less influence in a
Danish universal healthcare setting with patient reim-
bursements as compared with other countries. Socio-
economic differences in health literacy may also in part
explain the observed disparities in treatment, as patients
with limited health literacy may be less prone to search
for new beneficial treatment regimes.** Another impor-
tant explanation may be differences between general
practitioners (GP), since the vast majority of patients
were treated in primary care. These differences in drug
choices between GPs may be due to differential options
for participations in research, conferences, and sympo-
sia and for interactions with pharmaceutical compa-
nies.”® Of note, we did not observe disparities in
treatment among patients receiving specialist care, sug-
gesting a higher degree of standardisation of treatment
across socioeconomic position among specialists. How-
ever, these results are likely to be influenced by referral
bias, as referred patients are more likely to have very
poor glycaemic control, in which insulin would be the
first-choice add-on drug. Thus, after excluding patients
initiating insulin, although less pronounced as among
the non-specialist group, we found borderline signifi-
cant disparities of SGLT-2i/GLP-1RA among specialists.
In separate sub-group analyses among patients receiv-
ing specialist care, we found borderline significant dis-
parities in initiation of GLP-I1RA but not in initiation of
SGLT-2i. This pattern was even more pronounced
among immigrants and descendants. This suggests that
when it is decided to initiate one of the two new benefi-
cial evidence based drugs, low-income patients, espe-
cially among immigrants and descendants and patients
with specialist care, are less likely than high-income
patients to initiate GLP-1RA. This may be explained by
slightly higher costs, slightly larger anti-obesity effects,
and by greater administration barriers of GLP-1 RA
(subcutaneous injections) as compared with SGLT-2i.
In addition, across socioeconomic position, we found
consistently lower probabilities of initiating SGLT-2i or
GLP-1RA among immigrants and descendants com-
pared with Danish natives. This was mainly driven by
differences in GLP-1RA. In addition to differential levels
of health literacy, drug prices, and differences in GPs,
cultural factors as well as language and physician-
patient communication barriers may in particular have
contributed to these ethnic disparities.>**> Hence, the
administration barriers of GLP-IRA may be especially

1
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challenging among immigrant patients, particularly in
lower socioeconomic groups, but also regardless of
socioeconomic position.

Strengths and limitations

The major strengths of our study are the completeness
of nationwide individual-level data with minimal risk of
selection bias. Yet, our findings should be interpreted in
the context of several limitations. First, we cannot
completely rule out unmeasured confounding, as we
did not have data on important clinical variables such as
HbA1c and body mass index. However, the design of
the study minimized the influence of this as already dis-
cussed. Second, in order to reliably define second-line
add-on treatment, patients had to survive as well as not
initiate second-line add-on therapy within the first 6
months after initiation of metformin. This selection of
patients favoured patients with higher socioeconomic
position and may have resulted in more conservative
estimates. Third, due to lack of information on HbA1c
and the rapid temporal changes in initiation patterns in
combination with differential rates of survival and dif-
ferential needs of intensification, we were not able to
reliably determine disparities in receiving effective treat-
ment in time when needed. Thus, we did not investigate
the probability of receiving second-line add-on therapy
during a certain follow-up period. Yet, we reported clear
socioeconomic differences in initiation of new evidence-
based drugs among patients with a medical evaluated
need of intensification, with a minimal risk of bias. At
the same time, we were able to report recent changes in
decision making in clinical practice. Fourth, we did not
investigate patient adherence after dispensing of pre-
scriptions. However, all patients had already showed ini-
tial adherence of metformin. Lastly, due to the
observational design of the study, no causal conclusion
can be drawn.

Future perspectives and clinical implications

To reduce inequalities in treatment with these newer
and more beneficial antidiabetic drugs, multiple inter-
ventions are required. First, to increase patient aware-
ness and health literacy, patient-centred interventions,
including diabetes self-management education and sup-
port, are especially needed in the most deprived
patients. Second, focused interventions towards GPs
with large number of patients with low socioeconomic
position are needed. This may include resources and
personnel education. Future studies may answer
whether societal costs of such initiatives and increased
drug expenses will outbalance the associated health ben-
efits. Reducing inequalities in treatment with SGLT-2i
or GLP-1RA may reduce disparities in cardio-renal out-
comes in both primary and secondary prevention
patients. Thus, influenced by recent cardio-renal clinical
trials from 2018 to 2019.°3® new updated

recommendations from 2019 advocate initiation of
SGLT-2i or GLP-1RA in patients with either established
cardiovascular disease, renal disease, or at high cardio-
renal risk, independently of background therapy, glycae-
mic control, or individualised treatment goals.’?*°
These changes were not incorporated in the minor revi-
sions of Danish guidelines from October 2019, which
primarily included initiation of a SGLT-2i in preference
to a GLP-1RA in patients with renal disease or heart fail-
ure at time of intensification.*" As Danish guidelines
may be modified in accordance with the international
guidelines, future studies may answer whether socio-
economic differences in usage of these drugs will exist
in this future setting.

Conclusions

In patients with T2D, low socioeconomic position was
consistently associated with a lower probability of initi-
ating treatment with a SGLT-2i or a GLP-1RA at time of
first intensification, even after guidelines recommended
these drugs to patients with established cardiovascular
disease. These differences in initiation of new evidence
based cardiovascular medications may contribute to
future socioeconomic disparities in cardiovascular out-
comes. Future efforts to reduce disparities in adoption
of new evidence based drugs are needed.
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