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Background: Estimating the prevalence of comorbidities and their associated costs in patients
with diabetes is fundamental to optimizing health care management. This study assesses the
prevalence and health care costs of comorbid conditions among patients with diabetes compared
with patients without diabetes. Distinguishing potentially diabetes- and nondiabetes-related
comorbidities in patients with diabetes, we also determined the most frequent chronic conditions
and estimated their effect on costs across different health care settings in Switzerland.
Methods: Using health care claims data from 2011, we calculated the prevalence and aver-
age health care costs of comorbidities among patients with and without diabetes in inpatient
and outpatient settings. Patients with diabetes and comorbid conditions were identified using
pharmacy-based cost groups. Generalized linear models with negative binomial distribution
were used to analyze the effect of comorbidities on health care costs.

Results: A total of 932,612 persons, including 50,751 patients with diabetes, were enrolled.
The most frequent potentially diabetes- and nondiabetes-related comorbidities in patients
older than 64 years were cardiovascular diseases (91%), rheumatologic conditions (55%), and
hyperlipidemia (53%). The mean total health care costs for diabetes patients varied substantially
by comorbidity status (US$3,203—-$14,223). Patients with diabetes and more than two comor-
bidities incurred US$10,584 higher total costs than patients without comorbidity. Costs were
significantly higher in patients with diabetes and comorbid cardiovascular disease (US$4,788),
hyperlipidemia (US$2,163), hyperacidity disorders (US$8,753), and pain (US$8,324) compared
with in those without the given disease.

Conclusion: Comorbidities in patients with diabetes are highly prevalent and have substantial
consequences for medical expenditures. Interestingly, hyperacidity disorders and pain were the
most costly conditions. Our findings highlight the importance of developing strategies that meet
the needs of patients with diabetes and comorbidities. Integrated diabetes care such as used in
the Chronic Care Model may represent a useful strategy.

Keywords: diabetes, comorbidity, chronic diseases, costs

Introduction

Diabetes is a highly prevalent chronic disease with a substantial medical and economic
effect on health care systems worldwide.'> Because of diabetes, but also as a result of
the various complications of diabetes, the burden is increasing tremendously. Diabetes
is an established risk factor for comorbid chronic conditions such as cardiovascular dis-
eases, musculoskeletal diseases, and mental diseases.> Diabetes comorbidities account
for a substantial proportion of the medical expenditures in patients with diabetes.®”
Patients with diabetes and macrovascular and microvascular complications have total
health care costs almost double those of patients without complications.!'
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According to a US study from the American Diabetes
Association, more than a quarter of health care expendi-
tures in five of eight comorbid diseases were attributed to
diabetes.'" So far, most studies have focused only on a small
selection of diabetes-related comorbidities and/or have lim-
ited their estimates to a single health care setting, mainly to
inpatient hospital settings.”'>!* Prior research showed that
even conditions not directly related to diabetes, such as pain
and depression, are more prevalent in diabetes, and thus
emphasize the need to take into account both diabetes-related
and nondiabetes-related comorbidities.>'*'® Furthermore,
Struijs and colleagues indicated in their study that the vari-
ous comorbid diseases have different effects on the type of
health care use in patients with diabetes, and they stress the
importance of considering multiple health care settings.'*

To the best of our knowledge, there are no comprehen-
sive data on diabetes comorbid chronic conditions and their
effect on health care costs in Switzerland. Because previous
results may not be transferable to countries with different
populations and health care delivery systems, it is important
to evaluate the current situation of comorbidities in Swiss
patients with diabetes. Therefore, the aim of our study was
to provide a national overview of a wide range of (comorbid)
chronic conditions in patients with diabetes compared with
in patients without diabetes, as well as the associated health
care costs across various health care settings for both patient
groups. Distinguishing potentially diabetes-related and
nondiabetes-related comorbidities in patients with diabetes,
we also identified the most frequent chronic conditions and
estimated their effect on costs.

Material and methods

Data source and study population

Patient-level health care claims data from the leading health
insurance group (Helsana Group) in Switzerland were used.
Switzerland is a federal parliamentary republic consisting
of 26 cantons (states). It had a population of 8 million in
2012. The prevalence of diabetes is about 5%.!7 The Swiss
health care system has mandatory coverage and is consumer-
driven; that is, consumers (about 70%), less employers
(25%) or the government (about 5%), mainly pay health
care costs through insurance premiums and out-of-pocket
expenditures.'® In addition, the insurance coverage has a
mandatory cost-sharing scheme consisting of co-payments
and deductibles for all Swiss residents. Co-payments are
a charge of 10% of the annual health care costs that every
insured person has to pay (limited to US dollars [US$]770/
Swiss Francs [CHF] 700 per year). Deductibles range from

US$330-$2,750 (CHF 300-2,500) per year and can be
chosen by the insured persons. The standard deductible is
US$330 (CHF 300), but to reduce premiums, the insured
persons can choose a higher deductible (US$550, $1,650,
$2,200, or $2,750).

Helsana covers about 1.2 million Swiss residents with
mandatory health insurance coverage in all 26 cantons.
Available data comprise information on health care use,
prescription drugs and laboratory tests, and the associated
costs from all health care settings (eg, outpatient [primary and
secondary care], inpatient, and nursing). These data achieve
a high level of completeness, as the recorded insurance
claims cover almost all health care and pharmacy invoices.
We performed a cross-sectional study including all subjects
who were at least 18 years old and were enrolled in 2011.
According to national ethical and legal regulations, ethical
approval was not needed for this study.

Identification of patients with diabetes

and comorbidities

According to the Anatomical Therapeutic Chemical (ATC)
classification system, all prescription drug items are coded
and assigned to an ATC code in our database.!” Using the
pharmacy-based cost group model, certain ATC codes can
be assigned to different chronic diseases.? In the absence of
clinical diagnoses, this mapping approach provides a direct
measure of treated chronic diseases and is commonly used
as a reliable method to identify chronically ill patients in
administrative databases.?'?* In addition, we used a modi-
fied version of the pharmacy-based cost group model, which
included an updated and improved approach to the clas-
sification of medications. Patients were identified as having
diabetes mellitus when they were prescribed at least one oral
blood glucose-lowering drug (ATC code A10B), insulin (ATC
code A10A), or another drug used in diabetes (ATC code
A10X). We included a total of 22 chronic diseases based on
the mapping approach for all chronic conditions performed
by Huber and colleagues.? In addition, we differentiated the
chronic conditions (without diabetes) according to Struijs
and colleagues and Du and colleagues between potentially
diabetes-related and nondiabetes-related comorbidities
among patients with diabetes.!*!¢ Diabetes-related comor-
bidities included cardiovascular diseases such as hyperten-
sion, hyperlipidemia, and glaucoma. Nondiabetes-related
comorbidities included hyperacidity-related disorders, bone
diseases (osteoporosis), cancer, dementia, epilepsy, gout/
hyperuricemia, HIV, intestinal inflammatory diseases, iron
deficiency anemia, migraines, pain, Parkinson’s disease,
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psychological disorders, respiratory illness, rheumatologic
conditions, thyroid disorders, and tuberculosis.

Estimation of prevalence and health

care costs
We calculated the prevalence of each chronic disease by
dividing the number of patients falling into the given disease
group by the total number of persons included in the study
for both patients with and patients without diabetes. Because
chronic diseases are strongly associated with age, we report
the prevalence for the age groups of 18—64 years and older
than 64 years. Afterward, we compared the prevalence rates
for both age groups by using chi-square tests. In a further
step, we calculated the frequencies and proportions of the
patient characteristics as well as the mean and median of total
health care costs by comorbidity status among patients with
and without diabetes. The comorbidity status was classified
as no comorbidity, one comorbidity, two comorbidities, and
more than two comorbidities among patients with diabetes.
The (co)morbidity status was categorized with zero, one,
two, or more than two chronic conditions among patients
without diabetes. Differences between sex and age groups
within the given comorbidity status groups were tested by
chi-square tests. To compare the mean health care costs across
the different comorbidity groups, we used Wilcoxon signed
rank tests. Total health care costs were defined as the sum of
payments made by the mandatory health insurance for out-
patient and inpatient care per patient/year. Outpatient costs
included payments for office-based physician visits (primary
care physicians, specialists), hospital ambulatory visits, para-
medical visits, nursing, laboratory tests, prescription drugs,
and medical devices. Cost from the inpatient setting included
payments for hospitalization, rehabilitation, nursing home,
and emergency transport services, including all associated
costs of medications, laboratory tests, and medical devices.
Multiple linear regression analyses were performed to
determine the effect of comorbidities on health care costs
among patients with and without diabetes. Given the skewed
nature of the cost distribution, we used negative binomial
regression models with a linear link function that provided
absolute values in CHF as estimates. Afterward, the CHF
values were converted to USS$ at the 2011 exchange rate of
1 CHF to 1.1 USS$. Overall, we fitted four cost models for
patients with diabetes and four models for patients without
diabetes, according to their comorbidity status. The reference
group in the respective models included patients without
comorbidity among persons with diabetes and those without
any chronic condition among persons without diabetes. In

addition, we estimated regression models to assess the effect
of the ten most frequent potentially diabetes- and nondiabe-
tes-related comorbidities on health care costs among patients
with diabetes. All multivariate regression models included
age, and sex, to correct for potential confounding. For the
purposes of this study, a P-value of =0.05 was considered
statistically significant. Analyses were performed using R,
version 2.14.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results

A total of 932,612 persons including 50,751 patients with
diabetes were included in the study sample. We distinguished
the characteristics of patients with and without diabetes,
showing overall a higher percentage of men (54%) in the
diabetes sample and a higher percentage of women in the
nondiabetes sample (53%; results not shown).

Table 1 shows the population characteristics and the
prevalence of comorbidities among patients with diabetes
compared with those in patients without diabetes for the
respective age groups. Approximately 60% of the sample
with diabetes was older than 64 years, whereas almost 75%
of the sample without diabetes were younger than 65 years.
The mean number of comorbid chronic conditions was 3.3
respectively 4.1 among patients with diabetes and signifi-
cantly higher compared with patients without diabetes (1.2
respectively 3.0 conditions). The most frequent concurrent
conditions in the population with diabetes were cardiovascu-
lar diseases including hypertension (18—64 years: 67%; older
than 64 years: 91%), rheumatologic conditions (18—64 years:
54%; older than 64 years: 55%), pain (18—64 years: 45%;
older than 64 years: 50%), and hyperlipidemia (18—64 years:
44%; older than 64 years: 53%).

Among patients without diabetes, the most commonly
recorded comorbidities were cardiovascular diseases (older
than 64 years: 63%), rheumatologic conditions (18—64 years:
31%; older than 64 years: 47%), pain (18—64 years: 23%;
older than 64 years: 39%), and psychological disorders
(older than 64 years: 35%). The majority of comorbidities
occurred significantly more frequently in patients with dia-
betes than in patients without diabetes in both age groups.
Among persons without diabetes, the proportion of patients
with each chronic condition is significantly higher in the
older age group compared with in the younger group. With
the exception of epilepsy, intestinal inflammatory diseases,
and psychosis, comorbid conditions occurred significantly
more often in older patients with diabetes than in younger
patients with diabetes.
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Table | Population characteristics and prevalence of comorbidities among patients with, compared with patients without, diabetes

Population characteristics Diabetes sample (n=50,751)

Nondiabetes sample (n=881,861)

18-64 years, % >64 years, % P-value 18-64 years, % >64 years, % P-value

Total 37.8 62.2 743 25.7

Sex <0.001% <0.001%
Male 59.1 514 49.7 39.6
Female 40.9 48.6 50.3 60.4

Mean number of chronic 3.3 (2.0) 4.1 (1.9) <0.001% 1.2 (1.6) 3.0 (2.1) <0.001%

conditions (standard deviation)

Comorbidities'
Hyperacidity-related disorders 34,9 39 .4k <0.001t 14.4 30.8 <0.001t
Bone diseases (osteoporosis) | 4tk 4.20% <0.001t 0.7 7.0 <0.001*
Cancer |78 3.1 <0.001t 0.8 29 <0.001f
Cardiovascular diseases 67. 1% 91.0%#* <0.001t 132 62.8 <0.001*
(including hypertension)
Dementia | 4 5.1 <0.001t 0.5 5.0 <0.0011
Epilepsy 6.5%F* 6.6%5% 0.467t 22 42 <0.001t
Glaucoma 3.9k |3 %% <0.001t 0.9 10.2 <0.0011
Gout, hyperuricemia 4.4wrx 9.3k <0.001t 0.6 37 <0.001*
HIV 0.3 0.1 <0.001* 0.3 0.0l <0.001*
Hyperlipidemia 43.8%%k 53.4%%¢ <0.001t 4.8 25.7 <0.001%
Intestinal inflammatory diseases 0.6 0.7 0.773t 0.4 0.7 <0.001%
Iron deficiency anemia 5.7%%¢ 6.47%* <0.001t 4.1 34 <0.001%
Migraine 1.2% 0.3%%* <0.001% 1.5 0.6 <0.001%
Pain 45,38k 49.8¥F* <0.001t 22.6 39.0 <0.001%
Parkinson’s disease | 4tk 3.7 <0.001t 0.4 3.0 <0.001*
Psychological disorders 32,3 41.0°%5* <0.001t 15.0 35.4 <0.001t
(sleep disorder, depression)
Psychoses 6. 1% 6.3%%¢ 0.505¢ 24 4.9 <0.001*
Respiratory illness (asthma, chronic | ].8%#¢ 13w <0.001t 5.9 10.5 <0.001*
obstructive pulmonary disease)
Rheumatologic conditions 54.3%k* 55.0%** 0.107t 30.8 47.1 <0.001t
Thyroid disorders 7.2k 9.3k <0.001t 2.3 7.0 <0.001*
Tuberculosis 0.2 0.1 0.026f 0.1 0.1 <0.001t

Notes: 'Chi-square test comparing age groups within each sample with/without diabetes; *Wilcoxon test comparing age groups in sample with/without diabetes. TChi-square
test comparing sample of same age groups across sample with diabetes and without diabetes, respectively; *P-value, <0.05; ***P-value, =0.001.

The patient characteristics and health care costs cat-
egorized by diabetes and comorbidity status are presented
in Tables 2 and 3. Of the 50,751 patients with diabetes,
almost all persons had at least one concurrent condition
(96%). Furthermore, there were higher proportions of men
in the diabetes sample. Among the patients without diabe-
tes (n=881,861), a total of 530,320 (60%) had at least one
chronic condition other than diabetes, with a higher percent-
age of women. The majority of the persons with one or two
chronic conditions were younger than 64 years old; comor-
bid patients with more than two conditions were equally
represented in both age groups. The mean total health care
costs in 2011 varied substantially between the comorbidity
status in patients with diabetes, ranging from US$3,203 in
patients with only diabetes to US$14,223 in patients with
more than two concurrent conditions. Annual costs of both

the outpatient setting (US$1,403 versus $5,577) and the
inpatient setting (US$553 versus $4,764), as well as the cost
of prescription drugs (US$857 versus $3,726), were highest
in patients with diabetes and at least three comorbidities.
Overall, the total health care costs are significantly higher in
patients with diabetes and comorbidities than in patients with
diabetes only. Among persons without diabetes, the mean
total health care costs were highest in multimorbid patients
with more than two chronic conditions (US$10,429 versus
$928). The costs varied across the different health care set-
tings, from US$4,535 in the outpatient setting and US$3,488
in the inpatient setting for patients without diabetes and
with at least three chronic diseases. After splitting the cost
estimates into two age groups (18—64 years and older than
64 years), we could still observe higher average health care
costs in all categories, with the exception of older patients
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in the nondiabetes-only compared with the diabetes-only
group (Figure 1).

Table 4 presents the results of the multivariate regression
models estimating the effect of comorbidities on health care
costs. After adjusting for sex and age, a substantial gradient
between the number of comorbidities and health care costs in
all health care settings could be observed among patients with
and without diabetes. The total costs were almost US$10,600
higher in patients with diabetes (coefficient, US$10,584;
95% confidence interval [CI], US$10,329-$10,834) and
about US$8,300 higher in those without diabetes (coefficient,
US$8,293; 95% CI, US$8,199-$8,389) with at least three
chronic conditions compared with persons without comorbid-
ity. The costs from both outpatient and inpatient settings, from
prescription drugs and laboratory tests, each significantly
increased with the number of concurrent (comorbid) chronic
conditions in both samples.

The effect of the ten most common diabetes-related
comorbidities on the health care costs is shown in Tables 5 and
6. All comorbidities caused a significant increase in health
care costs in all considered settings. Regarding the diabetes-
related comorbidities of cardiovascular diseases and hyper-
lipidemia, the total health care costs were about US$4,800
(coefficient, US$4,788; 95% CI, US$4,576-$5,000)
and almost US$2,200 (coefficient, US$2,163; 95% CI,
US$1,964-$2,362) higher in these comorbid patients than
in diabetes patients without the given chronic conditions.
Furthermore, patients with diabetes and each comorbid pain-,
psychological-, or hyperacidity-related disorder incurred

Nondiabetes with >2 CC*
Nondiabetes with 2 CC
Nondiabetes with 1 CC

Nondiabetes only
Diabetes with >2 CC
Diabetes with 2 CC
Diabetes with 1 CC

Diabetes only

US$8,000, on average, in higher total health care costs com-
pared with the given reference group.

Discussion

In this study, we provide the first national overview of the
diabetes comorbidity status in Switzerland, evaluating the
prevalence and costs of potentially diabetes- and nondiabetes-
related comorbid conditions in inpatient and outpatient health
care settings among patients with diabetes.

First, our study showed a higher proportion of adults older
than 64 years among patients with diabetes than those without
diabetes. This result suggests that our sample included a high
number of patients with type 2 diabetes, which is typically
associated with older ages.” Furthermore, we identified car-
diovascular diseases including hypertension, rheumatologic
conditions, hyperlipidemia, and pain as the most common
concurrent chronic conditions in patients with diabetes. These
findings are in line with previous studies from Germany
showing highest rates of hypertension, hyperlipidemia, and
musculoskeletal diseases in patients with diabetes.!® From
previous reports, cardiovascular diseases and hyperlipidemia
are well known to be strongly associated with diabetes, even
after adjustment for other risk factors of comorbidity such as
age, sex, glycemia, and smoking.* In addition, nondiabetes-
related comorbidities such as musculoskeletal and rheuma-
tologic conditions could be observed as a concurrent chronic
condition in a recent study.?® Longstanding diabetes may be
harmful for knee and hip joints and includes a doubled risk
for severe osteoarthritis needing arthroplasty.?® Overall, and

u >64 years
® 18-64 years

0 4,000

*CC: chronic condition(s)

8,000 12,000 16,000

Mean costs (US$)

Figure | Mean total health care costs in patients with and without diabetes by comorbidity status.

submit your manuscript

460

Dove

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Comorbid conditions in patients with diabetes

Dove

“100°0= ‘©N[eA-dyyy "dNOIS 90UDIJR SB AIIPIGIOWOD UDAIS Y3 INOYIIM PUE S2I9GRIP YaIM sjusied, xas pue a8e 10} paj|0.3uoD), :S930N

891-6v1 $x8G | L1786l A4 6—SL kb8 CEI-911 P ad| 0€1-601 k6| | $1503 AI01e40qE

3502 3nJp

L6S°1-L8%I sl S | 65 1-96¥°1 sk €F S| ¥T0°1-8T6 #4916 £96-5/8 skl | 6 9TH*1-8TE"I skl LE| uondiisa.g

$3502

€9€°€-05€°E 3k CSE'E 818'€+L6'T #1:98E '€ 81T 91T eTA YA L¥S—SYS el 805°1—905°I ol 05| a.ed Juanedu

(je303) s3s0d

TESTHEET stk CEP'T €10°€—8€8°C 1§ 6T €€1°1-096 s0x9%0° | 8¥5‘1—€8€°I Tl 906°1-0TL sk 181 aued Juaneding

53502

70'8-8¢€S°L soi8LL L €€5'8-L11°8 #iib CE'S T9€T196°I #01x€9 1T L00€+T9°C 50k G 18T 000'5—9.S¥ #x88L'Y aJed pesy [e1o]

[eA13ul leA13ul [eA1d3ul [eAtd3ul [eA423ul

aduapyuod $snN aduapluod $snN 9d3uUapyuod $sn 2duaplyuod $sn aduaplyuod $sn
%56 Juapyye0d %56 Juspyje0d %596 JuayyL0) %596 Juaye0d %56 Juapye0d

4SA9p.JosIp

[es18ojoya4sd + saj3aqelq

sured + sajaqeiq

selwpidiadAy + sejaqeiq

4SuUo13IpuUod
s180j0j3eWINAYM + s332qeIq

S9seasip

JenaseAolpJed + sajaqeiq

153502
aJed yjjesH

$919qeIp YaIm sjudpred Suowe SISO 34BD U3eay UO S31IPIGIOWOD Pale[al-sa1aqeipuou pue sa1aqelp [enualod juanbauy 3sow sy jo 10943 § 3|qe |

"100°0= ‘©N[eA-dyy [ 0°0= ‘ON[BA-dyy "dNOJS 9DUDIDJR SB DSBISIP JOYIO AUE INOYIIM PUE S239GERIP INOY3IM siusned; ‘dno.d aduauaje. se AIpIGIOWOd INOYIM pue s919qeIp aim suaned; :xas pue ade 1o} paj|0.auoD), :S930N

8rE—6€¢€ sk €V E YL1-991 k69 | 901-001 s CO | gee—gee sV € =56 60 | 6L-LYy sk’ 9 150 A103RI0qET]

51502

61V T€LET #4x96€'T 198618 w0k 9V8 09v—€Evvy a4 601°€—€20°€ #x990°€  901°1—€10°I #4x650° | 009-C0S soiok | GG 8nup uonduosaug

$70'TS€8°I iy ¥9-619 sorbLS £€97-961 5x8CT 0SLTLYLT 6V LT 66£—L6€ 5486 € 7.-89 w0 $I50D 4D Juanedu)

$3S0D 2Jed

60L1-159°1 #1x089° | 6LS—LES 14899 10€-9.LC $:x88T 9.8 1Ll 30k G6L° | 9€y—1ST oig el 87| Adorgnquee [eadsoy

L1€1-08T° #0186 | 969—€99 #1089 95€-9¢¢ 142 IT1-€01°I s 91 6€-6SC s30kbCE 1TT+L 0G| $3502 2ued Aeidadg

8l1°1-160°1 €01 699811 2x89F [3T4ul b 44 osig4 S9T'1-0¥1°I 30k E0T' | LSy $x609 8L€-15C wsG1E  SISOD Ued Asewiliyg

(jero) sasod

LEI'Y8S0Y 960 LE9°179L5°I #6909 806—T.8 #5068 €OV Ty w0 €Y 01E°1-0T1°] w9 1T 68981 skl 89 aued Juaneding

531502

68€'8—6618 #x€60'8  €98°T—8VLT x508'T  69%'1-80%'I wx6EF° 1 ¥E€801-6TE0I 0x¥85°01  985T-TTTT #x90¥T 08T 1-016 16960 | aJed ey €10 |

leAs3ul [eA4d3ul [eAsa3ul [eA43ul [eAs3ul [eA423ul

3dU3pIUOd $SN edusapyuod ¢SN oduapyuod $sn IduUaplUOd ¢S 9dusapyuod $SN eduapyuod $sn
%S6 ‘IUSdYP0D %56 ‘IuaPIL0D %S6 ‘3uadYR0D %56 ‘IusPIS0D %S6 ‘AudYS0D %56 ‘pus80D

jSuonIpuod

21U04Yd OM) ueYy)
3J0W + S3)3qEIpUON

1SUOI3IPUOD dIuoJYd
OM) + S3)3qeIpuoN

LUOI31pPUOd dIuoJYd
3Uo + s33)3qeIpuoN

1S9131PIGJIOWI0D OM) uey3
aJow + sayaqeiq

1S9131pIgJoW0d
om) + sajaqeiq

A31p1qiowod

auo + sajaqelq

153502
aJed yjjeaH

$919qEIp INOYIIM pUE YuM sauaned Suowe s1sod 2.ed YI[eay UO SUORIPUOD (PIGIOWOD) JO 13343  3|qeL

461

submit your manuscript

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2014:7

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Huber et al

Dove

Table 6 Effect of the most frequent potential diabetes and nondiabetes-related comorbidities on health care costs among patients with diabetes
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2,452-3,331 2,056 1,618-2,510

2,883%¥*

2,278-3,120

2,692%+*

5,139-5,953

5,540%#*

8,512-8,998

8,753

Total health care

costs

1,035%#* 844-1,234

694-1,047

1,763-2,155

1,956++*

3,060%+* 2,960-3,163 1,909+#* 1,744-2,077

Outpatient care
costs (total)

265-270

89-94 925%¥* 923-927

1,838-1,841

1,839%##*

3,623-3,626

3,625%%F

Inpatient care

costs

716938

1,569%* 1,473-1,669 6,60 | ¢ 567-757 732%%% 630-835 825+

1,866—1,976

1,92 |#k*

Prescription drug

costs

4-34 | 58##k 139-179 | 77+%% 155-199

248-268 | 53k 136—169 19%
Notes: 'Controlled for age and sex; *patients with diabetes and without the given comorbidity as reference group. *P-value, =0.05; ***P-value, =0.001.

Laboratory costs

in line with numerous previous studies, our analyses showed
that the majority of the comorbid chronic conditions occurred
more frequently in patients with diabetes than in patients
without diabetes.””

Furthermore, this study provides a description of the
distribution of the total health care costs among patients with
diabetes distinguished by with and without comorbidity. The
costs varied substantially between the different groups cat-
egorized by comorbidity status. On average, the total annual
costs in 2011 for diabetes care were about US$3,000 (€2,000;
exchange rate of US$1 to €0.7 in 2011) in patients with dia-
betes only and about US$14,000 (€10,000) in patients with
more than two concurrent conditions across all age groups.
Overall, the total health care costs were significantly higher
in patients with diabetes and comorbidities than in patients
with diabetes only. Furthermore, the total health care costs
were higher in patients with diabetes than in patients without
diabetes in all comorbidity categories. However, we could
observe one exception when we split the cost estimates into
two age groups. Interestingly, there were higher average costs
in the nondiabetes-only compared with the diabetes-only
group among older patients. One explanation could be that
in this age group, the distribution of costs was extremely
skewed, with a mean of US$4,200 (€3,000) and a median
of US$180 (€130). Because most of the previous studies
included only a few major diabetes-related comorbidities,
comparability of our direct average costs and those from
other studies is limited. However, overall rising costs were
related to an increased number of coexisting chronic diseases.
For example, a study from Italy reported costs of €1,040
in patients with no major complications and of €3,141 in
patients with two or more complications.'

Turning to the potential effect of comorbidities on health
care expenditures, our results demonstrated that both poten-
tially diabetes-related and nondiabetes-related comorbid
conditions in patients with diabetes have a substantial effect
on medical expenditures in health care systems. The increas-
ing number of comorbid chronic conditions led to increasing
annual medical expenditures, especially in total health care
costs, outpatient costs, and prescription drug costs. Consistent
with findings from previous studies, our analyses showed
that suffering from at least two comorbidities has the highest
effect on health care costs among patients with diabetes.!>'
Further studies also reported that concurrent conditions
cause an increasing demand for total health care, a greater
length of hospital stay, and higher total hospital charges,
and that they lead to increasing mortality.'>!*3° Considering
the ten most frequent concurrent chronic conditions, we
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observed varying effects, depending on the category of
comorbidity. Nondiabetes-related comorbidities such as pain,
hyperacidity-related disorders, and psychological disorders
showed the strongest effect (up to a doubling) on total health
care costs among patients with diabetes. This finding stresses
the importance not only of directly diabetes-related comor-
bidities but also of nondiabetes-related comorbidities such
as hyperacidity-related disorders. Wang and colleagues, for
example, reported that about 40% of patients with diabetes
suffer from gastroesophageal reflux disease.*' Moreover, the
authors showed that patients with diabetes and neuropathy
were more likely to suffer from this disease than patients
without neuropathy. In addition, our results are in line with
previous studies reporting a strong association between
diabetes and pain, as well as psychological disorders inclu-
sive of depression.’>33 Egede and colleagues found a strong
association between depression in persons with diabetes and
increased health care costs, regardless of age, sex, and other
comorbidities.*

Interestingly, we could observe a greater effect of
several comorbidities, such as cardiovascular disease or
hyperlipidemia, on outpatient costs than on inpatient costs
in patients with diabetes. One explanation may be that
patients with diabetes and comorbidities are more likely
to seek outpatient than inpatient care.’ Patients who suf-
fer from chronic diseases, in particular, need continuous
treatment and management in primary and outpatient
specialist care.***¢ Our findings highlight the importance
of continuing and strengthening diabetes management,
addressing the needs for patients with multimorbidity in
primary care. Beyond general guidelines for the care of
patients, effective diabetes management requires an inte-
grated, more holistic, and patient-centered concept.’” The
Chronic Care Model (CCM) provides a useful approach
for an improved and efficient management of multimor-
bid patients, mainly within primary care. The CCM was
developed by Wagner and colleagues and represents an
evidence-based conceptual framework for the treatment of
chronically ill persons, including a comprehensive, multi-
faceted approach for patients with chronic diseases across
the entire health care system.3¢3%3 The six elements of the
CCM include patient self-management support, evidence-
based guidelines for decision support, delivery system
design (eg, multidisciplinary teams), clinical information
systems (eg, reminder systems), health care organization
(eg, support of the leaders), and community resources.
There is strong evidence that supports the CCM’s effective-
ness, showing an improvement in patient care and health

outcomes such as glycated hemoglobin values and heart
disease risk factors.**+

This study has several strengths and limitations. One of
the main strengths is that our study is the first that provides
a national overview of a large number of both potentially
diabetes- and nondiabetes-related comorbidities as well as
their effect on health care costs across various health care
settings in Switzerland. Furthermore, this study is based
on a very comprehensive administrative claims database
that encompasses a large population across Switzerland.
Administrative data are a reliable, large-sized, and practice-
based data source that provides sufficient information on
morbidity and medical cost of patients. Moreover, these
databases are very valuable when disease register or health
survey studies are lacking.

However, this study also has several limitations. First,
costs may be underestimated because in approximately 3%
of all claims, invoices were not reimbursed by the health
insurer and were paid out of pocket by the patient. Second,
as medical diagnoses are not available in our data, we used
drug-based diagnoses as a proxy for clinical diagnoses.
Thus, comorbidities in patients with diabetes may be biased
because not all ATC codes could be directly and uniquely
assigned to the treatment of a certain disease. Furthermore,
as population-based clinical parameters (eg, International
Statistical Classification of Diseases and Related Health
Problems, Tenth Revision) are very scarce in Switzerland, we
could not compare our model performance with a diagnosed-
based model. However, numerous studies could show that
prescription data are a valid measure for prevalence of dia-
betes and other chronic diseases.?* > For example, Cossman
and colleagues showed that prescribed drug rates are a useful
proxy for “disease-specific diagnoses prevalence.”! In addi-
tion, Chini and coworkers revealed drug data as a reliable
source for prevalence estimates of chronic diseases.” In
particular, the use of prescription for antidiabetic drugs
could be used for an accurate identification of diabetics
across large populations.*# Third, several comorbidities,
such as cardiovascular diseases including hypertension,
were broadly defined, and further common complications in
diabetes (eg, chronic kidney disease) could not be analyzed
at all in the study because not every chronic disease allows
an unambiguous identification by prescription drug items
according to the used pharmacy-based cost group model. A
fourth limitation of the study is that our estimates are not
entirely representative of the general population. The sample
included a slightly higher proportion of elderly persons than
in the entire Swiss population. A detailed comparison of
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the proportions of the population characteristics between
our study sample and the entire Swiss population has been
described elsewhere.!”

In conclusion, comorbidities in patients with diabetes
are highly prevalent and have substantial consequences for
medical expenditures. Interestingly, hyperacidity disorders
and pain were the most costly conditions. Our findings
highlight the importance of developing strategies that
meet the needs of patients with diabetes and comorbidities.
Furthermore, our study strengthens the demand for inte-
grated diabetes care programs, which include multifaceted
and patient-centered elements. Applying general principles
of the CCM may contribute to more effective diabetes
care in the context of the growing proportion of multimor-
bidity in the population.
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