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Abstract

Objective The aim was to characterise the short-term (up to 12 months) direct economic burden of new cardiovascular (CV)
events among adults with type 2 diabetes (T2D) in Israel.

Methods In this retrospective cohort study utilising the electronic health records of the Maccabi Healthcare Services, adults
aged > 21 years with T2D who experienced their first CV event (2013-2016) were identified via adjudicated enrolment in
a CV registry. Wilcoxon rank-sum test estimated excess healthcare resource utilisation in three periods after the CV event:
immediate (1 month; for all patients), acute (3 months; for survivors of 1 month of follow-up) and short-term (12 months;
for survivors of 3 months of follow-up). Direct healthcare expenditure (2018 United States dollars [USD]) was estimated
from unit costs from the State of Israel Ministry of Health price list.

Results In total, 5133 adults experienced a qualifying CV event, with a mean (standard deviation [SD]) age of 67.4 (11.8)
years, diabetes duration of 17.7 (11.1) years and glycated haemoglobin of 7.4% (1.6%); 38.0% were female. In USD per
patient, mean (SD) immediate costs were $10,741 ($11,707) compared with $2820 ($5661) at baseline (cost ratio [CR] 3.81),
acute costs were $14,586 ($15,410) compared with $5202 ($8971) at baseline (CR 2.80) and short-term costs were $23,847
($25,227) compared with $11,123 ($15,990) at baseline (CR 2.14). A sensitivity analysis of survivors only was consistent
with the main analysis.

Conclusions Our results indicate that CV complications of T2D place a substantial excess economic burden on Israel’s
healthcare system over the short term (up to 12 months).

1 Introduction

Globally, cardiovascular disease (CVD) is the most common
non-communicable disease, responsible for an estimated
17.8 million deaths in 2017, an increase of 21.1% between
2007 and 2017 [1]. In terms of years of life lost (YLL; a
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measure of premature death) on a global scale, ischaemic
heart disease (IHD) was ranked as the leading cause of YLL
in 2017, while stroke was ranked as the third leading cause
of YLL [1]. In Israel, the CVD mortality rate was 187 per
100,000 population in 2010, while the YLL associated with
diseases of the circulatory system were 269 per 100,000
population in 2011 [2].

Diabetes confers an approximate twofold increase in
CVD risk [3, 4], which is equivalent to that associated with
prior chronic heart disease in those with a long duration of
diabetes (> 10 years) [3]. Due to population growth and
ageing, in combination with increased diabetes prevalence,
the estimated number of adults with diabetes worldwide has
quadrupled in the past 40 years, reaching an estimated 463
million people in 2019 (cf. 108 million in 1980) [5, 6], with
the vast majority (~ 90%) of cases being type 2 diabetes
(T2D) [6]. The age-adjusted prevalence of diabetes in Israel
was estimated at 9.7% in 2019 [6]. CVD is a major cause of
morbidity and mortality in people with diabetes, and one of
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Key Points for Decision Makers

In this database study of adults with type 2 diabetes in
Israel, healthcare costs were up to 3.8 times higher after
a first cardiovascular (CV) event than in the correspond-
ing time period (baseline) before the event.

The steepest increase in costs was in the immediate
period (up to 1 month) after the CV event compared with
baseline in our analysis, which captured costs in patients
who survived the CV events as well as in those who
experienced a fatal CV event.

In addition to previous evidence using different method-
ologies over longer timescales, decision makers in Israel
may find these up-to-date cost estimates useful when
evaluating the potential cost savings through implemen-
tation of new treatments or strategies to reduce CV risk
in adults with type 2 diabetes.

the largest contributors to healthcare costs [6, 7]. Obesity is
a risk factor for T2D [8] and an independent risk factor for
CVD [9]; thus, it contributes to the economic burden faced
by healthcare systems treating patients with T2D and CVD
[10].

Given the large clinical burden that CVD places on indi-
viduals with T2D and healthcare systems, international
treatment guidelines have recently been updated to provide
joint guidance on the management of both diabetes and CVD
[11-13]. Furthermore, a number of cardiovascular (CV) out-
comes trials have not only demonstrated the CV safety of
some glucose-lowering medications, but also the CV ben-
efit (superiority versus placebo) of certain glucose-lowering
medications in individuals with T2D and established CVD
or at high/very high CV risk (e.g. [14—17]). In light of these
recent findings, the glucagon-like peptide-1 receptor ago-
nists (GLP-1 RAs) and sodium-glucose co-transporter-2
inhibitors (SGLT-2is) with demonstrated CV benefit are now
recommended as first- or second-line therapy in people with
T2D and either established CVD or at high or very high CV
risk [11, 13, 18]. Both the uptake and impact of these treat-
ment guideline updates will be of great interest to policy and
decision makers and over the coming years. However, there
is a lack of contemporary and comprehensive cost informa-
tion for CVD in people with T2D to assist healthcare payers
and decision makers with an appraisal of the implementation
of the new guidelines.

The aim of the present study was to characterise the short-
term (up to 12 months) direct economic burden of new CV
events among adults with T2D in Israel.
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2 Methods

This was a retrospective cohort study of adults with T2D
utilising the electronic health records of the Maccabi Health-
care Services (MHS) for the study period 1 January 2012-31
December 2017. The study design received ethics approval
from the MHS Institutional Review Board. Individual patient
consent was not required due to the anonymised nature of
the MHS database.

2.1 Data Source

Israel has a statutory national health insurance system, with
all permanent residents medically insured by one of four
state-mandated, non-profit health maintenance organisations
(HMOs) [19]. Data were obtained from the database of the
MHS—Israel’s second largest HMO, with ~ 2.2 million
active members (~ 25% of Israel’s population). The central-
ised, electronic database includes anonymised, longitudinal
data for the MHS members on hospitalisations, healthcare
visits, dispensed prescription medications, medical pro-
cedures and sociodemographic characteristics. The MHS
database also includes several automatically formulated
disease-specific registries (e.g. CV, diabetes, hypertension
and cancer) that were designed to improve healthcare man-
agement and the quality of care for chronic diseases [20].
The CV registry was established in 1998 and includes all
MHS members who have been diagnosed at least twice by a
hospital or outpatient cardiologist, primary physician and/
or paediatrician, with at least one clinical diagnosis accord-
ing to the International Classification of Diseases, Ninth
Revision [ICD-9] diagnosis coding, or with a relevant Cur-
rent Procedural Terminology code (Online Resource 1) [20].
Disease registry data are updated daily. The MHS members
are broadly representative of Israel’s population as a whole,
although members tend to be slightly younger with a higher
income than the general population [20, 21].

2.2 Study Population

Adults (aged > 21 years as of the index date) were included
in the study if they had T2D (enrolment in the diabetes reg-
istry prior to the index date and not as type 1 diabetes) and
experienced their first CV event between 1 January 2013
and 31 December 2016 (enrolment in a CV registry, with
no evidence of previous enrolment). The CV registries con-
sidered were IHD or myocardial infarction (MI; including
coronary revascularisation procedure); cerebrovascular acci-
dent (CVA) or transient ischaemic attack (TIA); peripheral
vascular disease (PVD); and heart failure (refer to Online
Resource 1). Eligible adults had a minimum of 12 months
of data (MHS membership) prior to the index date (date
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of first enrolment in a CV registry). An exclusion criterion
was enrolment in the cancer registry after 1 January 2010,
based on the assumption that cancer may have a relatively
large impact on healthcare resource utilisation (HRU) that
might impede the interpretation of associations between CV
events and HRU.

2.3 Study Periods

Three study periods after the qualifying CV event were con-
sidered: immediate (up to 1 month), acute (up to 3 months)
and short term (up to 12 months) for the study population,
survivors of 1 and 3 months’ follow-up, respectively, com-
pared with the corresponding baseline period (up to 1, 3 or
12 months before the qualifying CV event, respectively).

2.4 Economic Burden

Direct healthcare costs and HRU were estimated for various
categories of healthcare resources. The healthcare resource
categories considered included hospitalisations, healthcare
visits (defined as any outpatient visit, excluding hospitalisa-
tions and emergency room visits), emergency room Visits
(excluding those that resulted in a hospitalisation), medi-
cal procedures (including laboratory tests and imaging) and
dispensed prescription medications. Healthcare resource
categories were further broken down as follows: (1) hos-
pitalisations: CV-related (hospitalisation in a cardiology
unit or with a recorded CV procedure), non-CV-related
and surgical (hospitalisation in a surgical unit and/or with a
recorded surgical procedure); (2) healthcare visits: primary
care, cardiologist, diabetologist/endocrinologist, nurse, para-
medical (defined as a speech therapist, physiotherapist, dieti-
tian and occupational therapist), social worker and other; (3)
medical procedures: laboratory examinations, imaging (CV-
related imaging, non-CV-related, other; CV-related, other;
non-CV-related); (4) dispensed prescription medications:
CV-related (accepted Anatomical Therapeutic Chemical
Classification [ATC] codes), glucose lowering (ATC codes
A10), self-measured blood glucose tests and other (e.g.
pain, dermatological and corticosteroids). Hospital outpa-
tient visits were categorised as healthcare visits, with the
subcategory dependant on the healthcare professional seen.
Further details on the classification of healthcare resources
as CV-related are available in Online Resource 2.

Unit costs for healthcare resources were derived from the
State of Israel Ministry of Health price list [22], converted to
2018 United States Dollars (USD) using a purchasing power
parity exchange rate of 3.752 [23], and applied to the HRU
estimates. Total costs were the sum of costs for all of the
aforementioned healthcare resource categories. Hospitali-
sation costs were calculated as proportional to the number
of days spent in-hospital that fell within the specified study

period. For instance, if 10 days of a 15-day hospitalisation
took place in the first month after the qualifying CV event
(and 5 days in the second month), immediate costs for this
hospitalisation would be calculated as 10/15 multiplied by
the hospitalisation cost. Prescription medications were cal-
culated as the number of packets (by items rather than unit
dose).

2.5 Statistical Analysis

Descriptive statistics were reported for all baseline charac-
teristics, with baseline defined as the most recent recording
in the 12-month period prior to the index date. For con-
tinuous variables, means + standard deviation (SD) were
reported. For categorical variables, number (percentage) was
reported. For each healthcare resource category, statistical
comparisons of HRU between study periods (after the CV
event) and the corresponding baseline period (before the CV
event) were performed using the Wilcoxon rank-sum test and
a two-tailed test; p < 0.001 was considered statistically sig-
nificant. Due to a high proportion of patients with zero uti-
lisation of some healthcare resources (e.g. emergency room
visits), a Wilcoxon rank-sum test was applied to test for a
difference in mean costs between study periods (after the CV
event) and the corresponding baseline period (before the CV
event) and a two-tailed test; p < 0.001 was considered sta-
tistically significant. It is worth noting that confidence inter-
vals could not be calculated by the non-parametric Wilcoxon
rank-sum test. Analyses were stratified by the qualifying CV
event type: IHD and MI (including coronary revascularisa-
tion procedure); stroke (defined as CVA and TIA); PVD; or
heart failure.

A sensitivity analysis was conducted to compare costs
for healthcare resource categories between study periods
and the corresponding baseline period for the patients who
survived to the end of the respective study period and were
not lost to follow-up. Immediate (up to 1 month), acute (up
to 3 months) and short-term (up to 12 months) costs were
assessed for survivors of 1, 3 and 12 months’ follow-up,
respectively, compared with the corresponding baseline
period (up to 1, 3 or 12 months before the qualifying CV
event, respectively).

Analyses were conducted using SAS® version 9.4 (or later
versions; SAS Institute Inc., Cary, NC, USA).

3 Results

In total, 5133 patients fulfilled inclusion criteria and were
included in the study population (Fig. 1). From the study
population, 2893 patients experienced an IHD or MI (includ-
ing coronary revascularisation procedure), 1049 experienced
a CVA or TIA, 646 a new PVD diagnosis and 727 a new
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heart failure diagnosis. In total, 1952 patients (38.0%) were
female, while the study population had a mean + SD age of
67.4 + 11.8 years, diabetes duration of 17.7 + 11.1 years,
body mass index of 30.5 + 5.6 kg/m* and glycated hae-
moglobin of 7.4 + 1.6% (Table 1). Overall, 1155 patients
(22.5%) were current or previous smokers and 3960 (77.1%)
had diagnosed hypertension. In terms of glucose-lowering
medications, 3744 patients (72.9%) were prescribed met-
formin, 1225 (23.9%) insulin, 258 (5.0%) a GLP-1 RA and
94 (1.8%) an SGLT-2i (Table 1).

3.1 Healthcare Resource Utilisation

HRU is presented by study period in Online Resource 3.
Both the number and duration of hospitalisations were sig-
nificantly elevated after a CV event in comparison with
baseline across time scales (p < 0.001 for all). The mean
+ SD incremental number of hospitalisations per patient
was 0.7 + 0.8, 0.8 + 1.1 and 1.0 + 1.7 for the immediate,
acute and short-term period, respectively, while the incre-
mental duration of hospitalisations per patient was 4.1 + 8.1
days, 6.5 + 18.0 days and 10.2 + 43.9 days, respectively. A
similar pattern of elevated HRU after the CV event (rela-
tive to baseline) was observed for nearly all other health-
care resources and study periods, including healthcare
visits, medical procedures and prescription medications (p
< 0.01 for all), with only a few exceptions that took place
in the immediate period after the event. Exceptions in the
immediate period included no significant difference between
study periods in the number of laboratory examinations (p =
0.597) or other medical procedures (p = 0.167) and signifi-
cantly fewer imaging procedures after the CV event relative
to baseline (p < 0.001). Emergency room visits were rare
in the study population during the study, occurring in 0.7%
of patients in the short-term period and in 0.9% of patients
in the corresponding baseline period (Online Resource 4).
There was a small but significant difference in favour of
greater utilisation of the emergency room at baseline in the
immediate period (p = 0.029; Online Resource 3). Over the
short term (up to 12 months), the mean + SD number of
additional healthcare resources utilised per patient after the
CV event included 8.9 + 26.1 healthcare visits, 4.0 + 31.2
laboratory examinations, 0.5 + 3.4 imaging procedures, 1.9
+ 13.1 other medical procedures and 21.7 + 37.3 packets of
prescription medication, as compared to the corresponding
baseline period.

3.2 Economic Burden
Total costs across all healthcare resources were elevated in
patients for up to 12 months after the CV event, as com-

pared with baseline (Fig. 2). Mean + SD immediate costs
per patient in USD were 10,741 + 11,707 compared with
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2820 + 5661 at baseline (cost ratio [CR] 3.81, p < 0.001),
acute costs were 14,586 + 15,410 compared with 5202 +
8971 at baseline (CR 2.80, p < 0.001) and short-term costs
were 23,847 + 25,227 compared with 11,123 + 15,990 at
baseline (CR 2.14, p < 0.001). Hospitalisation costs were
the key driver of elevated costs, with a large proportion of
excess spend in the immediate period after the CV event:
mean + SD incremental hospitalisation costs per patient
were USD 8147 + 12,736, USD 9260 + 17,022 and USD
10,986 + 22,539 in the immediate, acute and short-term
periods after the CV event, respectively. Other relatively
important contributors to excess costs after the CV event
included prescription medications and healthcare visits,
with spend more evenly distributed across the year for these
healthcare resources than for hospitalisations. Mean + SD
incremental costs in USD per patient were 6 + 267, 140 +
556 and 531 + 1476 for healthcare visits, alongside 27 +
608, 138 + 1797 and 725 + 8475 for prescription medi-
cations, for the immediate, acute and short-term periods,
respectively, versus baseline. After an initial period (up to
3 months) of lower costs associated with imaging and other
medical procedures after the CV event, the short-term (up to
12 months) costs associated with these healthcare resources
were higher in comparison to baseline. As might be expected
by the limited utilisation, there were negligible costs asso-
ciated with emergency room visits in the study population
(Fig. 2).

Figures 3 and 4 present a breakdown of costs by study
period for each healthcare resource. In regards to hospitali-
sations, the incremental spend in favour of the period after
the event was equally driven by CV-related and surgical
hospitalisations, as well as but to a smaller extent by non-
CV-related hospitalisations (Fig. 3a). In the immediate
period, mean + SD incremental costs in USD per patient
were 6724 + 12,760, 6606 + 12,716 and 1423 + 4291 for
CV-related, surgical and non-CV-related hospitalisations,
respectively. For healthcare visits (Fig. 3b), the key driv-
ers of the excess short-term spend after the CV event were
primary care and other categories. Incremental costs asso-
ciated with cardiology visits were initially lower than at
baseline in the first month after the CV event (USD —15;
CR 0.63, p < 0.001), before switching to become higher
in the period after the CV event over acute (USD 9; CR
1.16, p < 0.001) and short-term (USD 75; CR 1.88, p <
0.001) timescales. Similar switches were observed for CV-
related imaging and CV-related other medical procedures,
whereby utilisation was initially lower than at baseline in
the immediate and/or acute periods after the CV event,
before reversing to become higher after the event when
the short-term period was considered (Fig. 4a). The larg-
est contributor to the excess short-term spend associated
with medical procedures was other non-CV-related proce-
dures (mean + SD incremental cost per patient USD 263 +
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MHS members who had enrolled in the
diabetes registry (at any time)
and a CV registry? (2013-2016)
n=7870

Enrolled in the diabetes registry after
the index date or enrolled as T1D
n=1366

MHS members for <12 months
prior to the index date
n=404

Enrolled in the cancer registry
(2010 onwards)
n=967

Aged <21 years as of the

/

index date
n=0
Study population
(met study inclusion criteria)
N=5133
Immediate (1 month):
1-month period after the index date vs 1-month
period prior to the index date in the study population
(N=5133)
Lost to follow-up 0-30 days (n=195) T :
Death (n=193) < — Y
Other (n=2)
Acute (3 months):
3-month period after the index date vs 3-month
period prior to the index date in survivors of
1-month follow-up
(n=4938)
Lost to follow-up 31-90 days (n=103) | ~ _ _———" -7
Death (n=101) &——"" !
Other (n=2) Y
Short term (12 months):
12-month period after the index date vs 12-month
period prior to the index date in survivors of
3-month follow-up
(n=4835)
Lost to follow-up 91-365 days (n=203) T
Death (n=196) <
Other (n=7)
Fig. 1 Patient flow diagram and overview of study periods. The index mic heart disease, myocardial infarction (including coronary revascu-

date was defined as the date of first enrolment in a CV registry. CV larisation procedure), cerebrovascular accident, transient ischaemic

cardiovascular, MHS Maccabi Healthcare Services,

n number of attack, peripheral vascular disease or heart failure. There must be no

patients, T1D type 1 diabetes. “CV registries considered were ischae- evidence of prior enrolment in a CV registry
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Table 1 Study population characteristics

Table 1 (continued)

Characteristic
n (%) or mean + SD

Cohort (N =5133)

Characteristic
n (%) or mean + SD

Cohort (N = 5133)

Female

Age, years
Mean + SD
<55
>55-<65
>65-<75
>75-< 85
>85

Years since inclusion in diabetes registry®

Mean + SD
<2
>2-<10
> 10

Socioeconomic status, category
Mean + SD
1-3
4-5
6-8
9-10

Smoking status
Current smoker
Past smoker
Non-smoker
Unknown

BMI, kg/m>
Mean + SD
<25
>25-<30
>30-<35
>35

HbA, .. %
Mean + SD
<7.0
>7.0-<8.0
>8.0-<9.0
>9.0

UACR, mg/g
Mean + SD
>0-<30
> 30-< 300
> 300

eGFR, mL/min/1.73 m?
Mean + SD
>90
> 60-< 90
> 45-< 60
>30-< 45
<30

Total cholesterol, mg/dL

1952 (38.0)

674+ 11.8 (n=5133)
793 (15.4)

1421 (27.7)

1472 (28.7)

1039 (20.2)

408 (7.9)

17.7 £ 11.1 (n = 5133)
745 (14.5)

2133 (41.6)

2255 (43.9)

57+ 1.9 (n=5125)
593 (11.6)

1822 (35.5)

2217 (43.2)

493 (9.6)

916 (17.8)
239 (4.7)
2827 (55.1)
1151 (22.4)

30.5 + 5.6 (n = 4323)
632 (12.3)

1611 (31.4)

1272 (24.8)

808 (15.7)

7.4 + 1.6 (n = 4780)
2364 (46.1)

1194 (23.3)

563 (11.0)

659 (12.8)

61.4 +99.9 (n = 4174)
2705 (52.7)

990 (19.3)

479 (9.3)

77.9 +23.2 (n = 4816)
1748 (34.1)

2032 (39.6)

550 (10.7)

297 (5.8)

189 (3.7)

176.3 + 46.6 (n = 4787)

HDL, mg/dL
LDL, mg/dL
Triglycerides, mg/dL.

422+ 11.7 (n =4772)
113.7 + 64.0 (n = 4773)
171.1 + 142.6 (n = 4789)
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Glucose-lowering medication®

Metformin 3744 (72.9)
DPP-4i 1324 (25.8)
Sulphonylurea 1021 (19.9)
GLP-1 RA 258 (5.0)
SGLT-2i 94 (1.8)
TZD 79 (1.5)
Acarbose 86 (1.7)
Meglitinide 461 (9.0)
Insulin 1225 (23.9)
Hypertension® 3960 (77.1)
COPD* 440 (8.6)

Characteristics were the most recent recording in the 12-month
period prior to the index date (date of first enrolment into a CV regis-
try). Socioeconomic status category (1-3) refers to the lowest socio-
economic status and (9—10) refers to the highest socioeconomic status

BMI body mass index, COPD chronic obstructive pulmonary disease,
CV cardiovascular, DPP-4i dipeptidyl peptidase-4 inhibitor, eGFR
estimated glomerular filtration rate, GLP-I RA glucagon-like pep-
tide-1 receptor agonist, HbA,, glycated haemoglobin, HDL high-den-
sity lipoprotein, LDL low-density lipoprotein, SD standard deviation,
SGLT-2i sodium-glucose cotransporter-2 inhibitor, 7ZD thiazolidin-
edione, UACR urine albumin-to-creatinine ratio

“Inclusion date was assumed to be 1 January 2000 in people who may
have enrolled before this date

®Dispensed within the 12-month period prior to the index date

“Identified through disease-specific registry enrolment

3766). Regarding prescription medications (Fig. 4b), the
key driver of the excess short-term spend after the CV
event was other medications (i.e. medications that were not
taken for a CV condition, nor were they glucose-lowering).
In the short-term period, mean + SD incremental costs per
patient were USD 80 + 238, USD 74 + 416 and USD 554
+ 8436 for the categories of CV, glucose-lowering and
other medications, respectively.

When patients were stratified by the qualifying CV
event type, ratios for total costs were similar across sub-
groups: total costs were elevated in patients for up to 12
months after the CV event, as compared with baseline,
and this was similar across healthcare resources (Online
Resource 4). However, there were some differences
between subgroups in the utilisation of some healthcare
resources between study periods. For instance, in the
immediate period after the CV event, the incremental costs
associated with imaging were lower for IHD and MI (USD
—101; CR 0.46, p < 0.001), but higher for stroke (USD
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Study period: O Immediate (1 month)

Mean cost per person * SD (USD)

O Acute (3 months)

O Short term (12 months)

Cost
Baseline After CV event Difference ratio p-value
1
2820+ 5661 10,741+ 11,707 7921 + 12,811 [ o 3.81 <0.001
Total 5202 + 8971 14,586+ 15,410 9384 * 17,467 [ o 2.80 <0.001
11,123 + 15,990 23,847 + 25227 12,724 + 25,480 : o 214 <0.001
|
Hosoitalisati 1677 £+ 5327 9823+ 11,588 8147 + 12,736 | o 586 <0.001
ospialisations 5949+ 8246 12,208 £ 14,844 9260 + 17,022 | ) 414 <0.001
—any 4884 + 12,300 15,870 + 20,565 10,986 + 22,539 I o 3.25 <0.001
I
Health it 300 £ 217 306 + 231 6 + 267 6 102 0.806
ealthcare visits - g5 + 476 801 + 548 140 + 556 I o 121 <0.001
—any 2061 + 1487 2592 + 1697 531 + 1476 : o 126 <0.001
I
E 1414 0+7 0+15 o | 0.28 0.030
,'“,‘:’gency room 1+14 1+£12 0+19 ) I 0.64 0.300
visits 22 2+24 0+33 | © 1.22  0.358
I
Medical procedures 62 + 121 64 + 139 2+180 o 0.274
— laboratory 145 + 219 172 + 260 28 + 300 : o <0.001
examinations 468 + 638 559 + 648 90 + 690 | o <0.001
I
Medical 136 + 374 90 + 302 —46 + 483 o 0.66 <0.001
procedures 252 + 502 237 + 478 -15 + 696 [o]] 0.94 0.471
— imaging 502 + 762 622 + 854 120 + 1049 ) 124 <0.001
|
Medical 436 + 1300 222 + 985 —214 + 1546 o ' 0.51 <0.001
procedures 630 + 1886 465 £ 1776 —-166 *+ 1963 o : 0.74 0.212
— other 1136 + 4836 1407 + 5916 271 £ 4307 ,© 124 <0.001
I
- 208 + 755 235 + 517 27 + 608 |0 113 <0.001
_M::;,catw"s 564 + 1492 702 + 2009 138 + 1797 ) 124 <0.001
2070 + 4946 2795 + 8905 725 + 8475 I o 1.35 <0.001
1
0.25 0.5 1 2 4 8
< >

Higher cost in baseline period Higher cost in period after the CV event

Fig.2 Direct healthcare costs in the period after the CV event in
comparison with the corresponding baseline period (before the CV
event). Differences in mean costs between study periods (after the CV

51; CR 2.07, p < 0.001) than at baseline (Online Resource
Sa). Similarly, the incremental costs associated with other
medical procedures were lower in the immediate period
for IHD and MI (USD —403; CR 0.40, p < 0.001), but
not for the other subgroups. In the short term (up to 12
months) after the CV event, costs associated with prescrip-
tion medications were only elevated over baseline levels
for IHD and MI or stroke, while there was no significant
difference between study periods for PVD or heart failure
(Online Resource 5¢).

Results of the sensitivity analyses including only the survi-
vors of follow-up were all in agreement with the main analysis
(Online Resource 6).

Cost ratio

event) and the corresponding baseline period (before the CV event)
were analysed by a Wilcoxon rank-sum test. CV cardiovascular, SD
standard deviation, USD United States dollars

4 Discussion

Among adults with T2D in Israel, direct healthcare costs
were 3.8-, 2.8- and 2.1-fold higher after a new CV event
than at baseline in the immediate (up to 1 month), acute
(up to 3 months) and short-term (up to 12 months) periods,
respectively. Hospitalisation was a key driver of excess
HRU and costs after a CV event; additional smaller drivers
were primary care and prescription medications for other
conditions (not for CV conditions or glucose-lowering
medications). Some categories of CV-related costs were
initially lower in the period immediately after a CV event
than at baseline (e.g. visits to a cardiologist, CV-related
imaging and CV-related other medical procedures), before
switching to incur greater costs after the event over either
acute or short-term timescales.
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Study period: O Immediate (1 month) O Acute (3 months) O Short term (12 months)
a Mean cost per person * SD (USD) Cost
Baseline After CV event Difference ratio p-value
|
1310 £ 5066 8034 + 11,832 6724 + 12,760 | 6.13 <0.001
CV-related 2164 £ 7344 9261 + 13,413 7097 + 15,581 I 428 <0.001
2949 £ 9725 10,989 + 16,484 8041 + 18,687 : 3.73 <0.001
366 + 1852 1789 £ 4299 1423 + 4291 : 4.88 <0.001
Non-CV-related 784 + 3924 2948 + 8552 2163 + 8342 I 3.76 <0.001
1935 £ 7369 4881+ 13,452 2946 + 13,083 I 2.52 <0.001
|
1274 + 5075 7879 +11,813 6606 + 12,716 | 6.19 <0.001
Surgical 2161 + 7488 9304 + 13,787 7144 + 15,807 I o 4.31 <0.001
3103 + 10,032 11,334 + 17,315 8231 + 19,315 : o 3.65 <0.001
0.25 0.5 1 2 4 8
< >
Higher cost in baseline period Higher cost in period after the CV event
Cost ratio
b Mean cost per person * SD (USD) Cost
Baseline After CV event Difference ratio p-value
|
143 + 122 168 + 136 26 + 157 | © 1.18 <0.001
Primary care 331+ 244 413 + 288 82 + 291 | © 1.25 <0.001
1060 + 714 1300 + 811 239 + 673 | o <0.001
|
39+ 60 25+ 51 -15+70 o I 0.63 <0.001
Cardiologist 55 + 81 64 + 94 9+ 111 l'o 1.16 <0.001
85+ 129 160 + 200 75+ 210 : o 1.88 <0.001
|
51+ 22 625 1+30 L] 112  0.175
Endocrinologist 14 £ 45 17 £ 65 3+66 | © 1.21  0.005
52 + 128 61+ 149 9+ 134 |10 1.17 <0.001
|
20 + 37 26 £ 40 6 * 46 I o 1.28 <0.001
Nurse 46 + 83 60 + 88 15+ 98 : o 1.32  <0.001
137 £ 214 182 + 244 45 + 254 | © 1.33 <0.001
|
8+ 33 11+36 2+39 | © 1.28 <0.001
Paramedical 24 + 80 39+ 101 15+ 114 | o 1.61 <0.001
93 + 222 133 + 300 39 + 331 I o 1.42 <0.001
|
2+12 315 1+£17 ' o 1.83 <0.001
Social worker 4+23 8+ 31 3+32 : o 1.80 <0.001
13+ 54 23+75 9174 | (o} 1.71 <0.001
|
82+ 111 68 £ 110 -15+ 122 o | 0.82 <0.001
Other 187 £ 250 200 + 279 13 £ 265 o) 1.07 0.009
620 + 814 735 + 949 115+ 792 lo 1.19 <0.001
1
025 0.5 1 2 o4 8
Higher cost in baseline period Higher cost in period after the CV event
Cost ratio
Fig.3 Direct healthcare costs in the period after the CV event in and the corresponding baseline period (before the CV event) were
comparison with the corresponding baseline period (before the CV analysed by a Wilcoxon rank-sum test. CV cardiovascular, SD stand-
event): breakdown of hospitalisation (a) and healthcare visit (b) costs. ard deviation, USD United States dollars

Differences in mean costs between study periods (after the CV event)
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Study period: O Immediate (1 month) O Acute (3 months) O Short term (12 months)
a Mean cost per person * SD (USD) Cost
Baseline After CV event Difference ratio p-value
Imaging 110 + 350 68 + 272 —41 + 450 o : 0.62 <0.001
_ CV-related 187 £ 452 161 + 403 —26 + 620 o | 0.86 0.560
288 + 559 368 + 635 80 + 837 | © 1.28 <0.001
|
Imaging 26 + 123 22 + 114 -5+ 160 o 0.83 0.021
— non-CV-related 65 + 206 76 £ 239 10 £ 296 |0 1.16 0.047
214 + 480 253 + 530 39 £ 601 I o 1.18 <0.001
|
Other 375+ 1219 161 + 817 —213 + 1467 o : 0.43 <0.001
— CV-related 452 + 1326 264 + 1016 —188 + 1655 o I 0.58 <0.001
542 + 1461 550 + 1620 8 + 2094 Q 1.01 0.706
|
Oth 61 + 468 61 + 554 -1 1496 Q 0.99 0.583
er CVerelated 1787+ 1354 200 + 1456 22 + 1045 lo 1.13  <0.001
—non-LYerelated 594 + 4605 857 + 5702 263 + 3766 I o 1.44  <0.001
I
0.25‘ 0.5 1 2 - 4 8
Higher cost in baseline period Higher cost in period after the CV event
Cost ratio
b Mean cost per person * SD (USD) Cost
Baseline After CV event Difference ratio p-value
24 + 31 32+ 35 8140 I o 1.32 <0.001
CV-related 67 £ 69 90+78 23 £ 69 : o 1.34 <0.001
259 + 265 339 £ 285 80 + 238 I o <0.001
|
42 + 83 46 + 89 4 +93 |0 . <0.001
Glucose-lowering 124 + 198 134 + 203 10 + 139 o 1.08 <0.001
483 + 758 557 £ 784 74 + 416 |0 1.15 <0.001
|
9+25 11+ 26 2+30 l'o <0.001
SMBG tests 26 + 55 31157 4 +51 : o <0.001
98 + 193 116 + 200 17 £ 129 I o <0.001
|
133 £ 741 146 + 495 13 + 586 |0 1.10 <0.001
Other 347 + 1453 447 + 1977 101 £ 1774 | o 1.29 <0.001
1229 + 4745 1783 £ 8808 554 + 8436 | ] 1.45 <0.001
I
0.25‘ 0.5 1 2 - 4 8

Higher cost in baseline period Higher cost in period after the CV event

Fig.4 Direct healthcare costs in the period after the CV event in
comparison with the corresponding baseline period (before the CV
event): breakdown of medical procedure costs (a) and medication (b)
costs. Differences in mean costs between study periods (after the CV

Our findings complement another recently published
real-world MHS study of adults with T2D in Israel who
experienced a first CV event (CV group) and who were
propensity score-matched to controls without a CV event
(control group) during the 4-year observation period [21].
Over the following 2-year study period, annual direct
healthcare costs were 38.9% higher in the CV group than
in the control group, demonstrating that CV complications

Cost ratio

event) and the corresponding baseline period (before the CV event)
were analysed by a Wilcoxon rank-sum test. CV cardiovascular, SD
standard deviation, USD United States dollars

of T2D place substantial economic burden on healthcare
systems that persists for 2—6 years after the event [21].
Our findings add to this previous real-world evidence by
demonstrating significantly greater utilisation of a wide
range of healthcare resources up to 12 months after a new
CV event, in comparison with the preceding 12 months,
among adults with T2D in Israel; furthermore, elevated
HRU translated into a doubling of direct costs over the
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same period. It is worth noting that our analysis also cap-
tured the costs of patients who experienced a fatal CV
event or did not survive the study period, in contrast to the
majority of analyses. Taken together, these real-world data
provide a comprehensive evaluation of costs and demon-
strate that CV complications of T2D place a substantial
excess economic burden on Israel’s healthcare system over
both short and longer timescales.

In regards to the global picture, our findings are in
alignment with those of a recent systematic literature
review of the economic burden of CVD among adults
with T2D comprising 24 studies conducted in 13 countries
(there were no qualifying studies for Israel) [24]. Einarson
et al. [24] reported that the annual direct cost of treating
a patient with both CVD and T2D was on average USD
3418-9705 (2016 values reported) higher than treating a
patient with T2D alone. Here, we report that mean direct
costs increased by USD 12,724 per patient (2018 values
reported) in the first year after a new CV event than at
baseline among patients with T2D in Israel. A direct com-
parison of absolute values between studies should be inter-
preted with caution, as they were derived from countries
with different healthcare systems and income levels. How-
ever, generally, our findings for Israel do appear to align
well with the global picture, adding to growing evidence
that CVD among adults with T2D places a substantial
economic burden on healthcare systems around the globe.
Furthermore, hospitalisation was the key contributor to
costs in the systematic review by Einarson and colleagues
[24], followed by drugs and outpatient care, which aligns
with the major contributors to healthcare costs in our find-
ings for Israel (in rank order): hospitalisations, medica-
tions and healthcare visits (particularly the ‘primary care’
and ‘other’ categories).

The added clinical and economic burden of CVD
among individuals with T2D heightens the requirement for
healthcare systems to manage the multi-morbid nature of
diabetes more effectively. Recent progress has been made
with the integration of international treatment guidelines
to address the co-management of both diabetes and CVD
[11-13]. Furthermore, recent findings from some CV out-
comes trials are driving a paradigm shift in recommended
T2D management for individuals at high CV risk or with
established CVD, with the GLP-1 RAs and SGLT-2is
with proven CV benefit now advocated as either first- or
second-line treatment [11, 13, 18]. International guideline
updates can take between months and years to filter down
into real-world clinical practice, and the present study was
conducted prior to the vast majority of the aforementioned
updates. As such, our study represents a comprehensive
estimate of direct healthcare costs at ‘baseline’, prior to the
updates, that can be monitored over time to assess both the
uptake and impact of the guideline updates. In the present
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study (2013-2016 data), among adults with T2D in Israel,
5.0% and 1.8% of the study population were prescribed
a glucose-lowering medication from the GLP-1 RA and
SGLT-2i classes, respectively, at any time in the 12 months
prior to their first CV event. In an observational cohort
study, Swedish patients with T2D who had five selected
factors (glycated haemoglobin, systolic and diastolic blood
pressure, low-density lipoprotein cholesterol, albuminuria
and smoking) within therapeutic guideline target ranges
had little to no excess risk of death, MI and stroke (albeit
with a higher risk of hospitalisation from heart failure) in
comparison with matched controls from the general Swed-
ish population [25]. The study by Rawshani and colleagues
[25] supports the concept of a multifaceted approach to
CV risk reduction in T2D to reduce the incidence of CV
complications and associated healthcare costs. Future cost-
effectiveness analyses are desirable in order to evaluate the
potential for and scale of cost savings from contemporary
evidence-based treatment and multifactorial risk modifica-
tion in patients with T2D.

The present study has some limitations that should be
acknowledged, including those that are inherent to retro-
spective database analyses. For instance, the data analysed
were limited to the data available in the MHS database,
while the quality of our findings is dependent on the data-
base quality, with the potential for some errors during
database input. All of the costs we report were estimated
using the State of Israel Ministry of Health price list and
converted to 2018 USD using a purchasing power parity
exchange rate. Consequently, our analysis did not account
for any fluctuations in direct medical costs over the 6-year
study period. Our study also has strengths, namely the
MHS database coverage and quality, in addition to the
broad representativeness of the MHS members to the
general population of Israel. In addition, the generalis-
ability of our results was enhanced by using unit costs for
healthcare resources derived from the State of Israel Min-
istry of Health price list, rather than using the costs to the
MHS. Further strengths of the present analysis include the
capture of costs for both survivors and non-survivors; the
temporal resolution of data, which allowed the detection
of granularity in healthcare expenditure within the initial
12-month period after a CV event; and the comparison of
costs across study periods for the same patients, whereby
each patient acted as their own control, allowing the influ-
ence of random between-patient variation in expenditure
to be minimised.

To the authors’ knowledge, this is the first contempo-
rary and comprehensive assessment of healthcare costs in
the initial 12-month period after a new CV event among
adults with T2D in Israel. As such, our findings provide
important cost information for healthcare payers and pol-
icy makers to assist with the evaluation of potential cost
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savings of implementing new interventions and guidelines
in Israel.

Our results indicate that CV complications of T2D
place a substantial excess economic burden on Israel’s
healthcare system over the short term (up to 12 months).
Together with previous real-world evidence over longer
timescales, our findings highlight the potential for sig-
nificant cost savings through the initiation of strategies to
reduce the CV risk in adults with T2D.
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