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mean healthcare cost per patient at year 5 after second-line treatment was D 13,823 in the
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1.

Introduction

The prevalence of drug treated type 2 diabetes mellitus (T2DM)
in Sweden is increasing and has recently been reported
to be 4.4% [1]. T2DM is a major cause of morbidity and
premature mortality, primarily through macrovascular and
microvascular complications [1–5]. The disease and its complications increase the use of healthcare services with associated
increases in total healthcare costs [6–8].
Glycemic control is a cornerstone in T2DM management
to avoid diabetes related complications, where insulin is considered to be an effective HbA1c lowering intervention [9]. In
Sweden, with a relatively high use of insulin compared to
other European countries, insulin has now surpassed sulphonylurea as the most commonly dispensed drug in second-line
add-on to metformin [10,11]. This “treatment ladder” is in line
with the Swedish national guidelines, recommending second
line insulin when metformin fails, only subsequently followed
by other available glucose lowering drugs [12]. International
T2DM guidelines however recommend several options as second line treatment, including also more innovative second
line treatment options, such as dipeptidyl peptidase (DPP)4 inhibitors, sodium glucose cotransporter 2 inhibitors and
glucagon-like peptide-1 receptor agonists (GLP-1RA) [13,14].
In addition to the beneﬁts on glucose levels, insulin also
carries a number of unwanted side effects like weight gain,
hypoglycemia, reactions from injections and increased treatment complexity [15–18]. Furthermore, recent studies report
associations between insulin and increased risk of cancer,
cardiovascular disease and all-cause mortality [18–20]. Thus,
despite the low direct cost of insulin treatment, unwanted
side effects and treatment complexity of insulin may lead
to increased long-term health care costs [21–23]. Despite several studies on health care costs and T2DM [24–30] there are
limited data on use of health care resource associated with
insulin. Since insulin is widely used in Sweden, a cost analysis might contribute useful evidence to the understanding of
the implications for the healthcare system of the insulin use.
Recently, one study has reported increased health care costs
after insulin initiation, but ﬁndings were limited to a highly
selected group of patients with no hospitalization data, low
representativity and short follow-up [31].
The aim of this study was to compare long-term changes in
healthcare utilization and costs before and after insulin initiation in Sweden. In addition, also to compare healthcare costs
after insulin versus non-insulin anti-diabetic (NIAD) initiation.

2.

Material and methods

2.1.

Study sample

Patients diagnosed with type 2 diabetes mellitus (ICD E11)
and/or prescription of any blood glucose-lowering drug
(ATC A10) were identiﬁed at 84 primary-care centers in
Sweden between 1 January 1999 to 31 December 2009
(www.clinicaltrials.gov; NCT: 01121315). Effort was made to
ensure a representative selection of primary care centers [8].
A total of 58 333 patients could be included, and data linked to
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the Swedish National Patient-, Prescribed Drug- and Cause of
Death registries by using the unique personal identiﬁcation
number, mandatory for all citizens from birth or immigration. Details on study design and the data extraction from
primary care records and registers have been described elsewhere [2,4,8,22,32].

2.2.

The insulin initiation cohort

This cohort is used to compare long-term changes in healthcare utilization and costs before and after insulin initiation in
all patients. The cohort will also be important when assessing the representativity of the smaller matched second line
cohort, see below. We identiﬁed all patients >30 years of age
initiating insulin after having 15 months with no insulin prescription to be included. Patients were excluded if they had
no registered visit or contact in the electronic patient record
within two years prior to index treatment start. Any gap larger
than 15 months between prescriptions was considered as
discontinuation. In order to control for other cost driving comorbidities, we excluded all patients with history of CVD and
cancer at baseline. Patients with any hospital visit (in hospital stay or outpatient clinic visit) within 90 days prior to
insulin initiation were excluded. Patients were followed from
two years prior to index date and until discontinuation, death
or end of study period from electronic patient records.

2.3.

Matched second line cohort

In order to compare healthcare costs after insulin initiation
with healthcare costs after initiation of NIADs, we deﬁned
two similar groups. We identiﬁed patients with metformin
monotherapy for at least 2 years and no gaps of more than
15 months between two prescriptions. They were indexed
when they either were prescribed second line insulin (Insulin
group) or second line non-insulin antidiabetic drug (NIAD
group). To reduce the likelihood of rescue insulin treatment,
only patients with two prescriptions within 15 months were
included. Any gap larger than 15 months between second line
prescriptions was considered as discontinuation.

2.4.

Patient baseline characteristics

Baseline data were extracted from electronic patient records
for the variables of systolic and diastolic blood pressure; total, low density lipoprotein (LDL) and high density lipoprotein
(HDL) cholesterol; serum triglycerides; HbA1c values; lipidlowering-, glucose-lowering- and blood pressure-lowering
drugs; and estimated glomerular ﬁltration rate (eGFR), age and
sex. Data on HbA1c is reported in DCCT.
Disease history at baseline was collected by searching for
diagnoses coded with International Classiﬁcation of Diseases,
9th (ICD-9) and 10th (ICD-10) revision in primary care- and
hospital data, deﬁned in an earlier publication [8].

2.5.

Healthcare resource use

All patient healthcare resource use (primary care, inpatient
care (hospitalizations) and/or secondary outpatient care),
both diabetes and non-diabetes related, was considered and
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Table 1 – Unit costs applied in the analyses.
Cost item

Unit cost (D )

Primary care
GP visit
GP home visit
GP phone
contact/administration work
Nurse visit
Nurse home visit
Nurse phone contact/patient
administration
Other primary care visit
Other primary care home visit
Other primary care phone
contact/patient administration
Laboratory visit

Per contact
148
296
49

Hospitalizations
Cardiovascular
Gastrointestinal
Urogenital
Cancer
Respiratory
Endocrine
Musculoskeletal
Neurological
Infections
All other causes

Per event
5336
4853
5067
7081
5181
4990
6552
5833
5729
3370

54
108
18
54
108
18
57

D 1 = 8.7034 SEK (2012 values).

included. Data on primary care use was extracted from electronic patient records and consisted of visits to physician,
nurse, and other primary care professions such as physiotherapist, podiatrist, laboratory tests and administration (e.g.,
prescription renewal).
Primary care contacts were obtained by item through
the primary care medical records. Hospitalizations and secondary outpatient care were extracted from the mandatory,
Swedish National Patient Register. Hospitalizations were clustered into 10 diagnosis-related groups based on the main ICD-9
and ICD-10 codes assigned to a hospitalization (cardiovascular, gastrointestinal, urogenital, cancer, respiratory, endocrine,
musculoskeletal, neurological, infectious and all others). For
secondary outpatient visits the 25 most frequent diagnoses
based on the ICD-9 and ICD-10 were identiﬁed.

weights. Unit costs for hospitalizations that falls into the ICD
group of other causes were calculated by deriving the weighted
average costs of the ﬁfteen most commonly observed diagnoses in the sample. For secondary outpatient care, unit costs
for the 25 most frequent ICD-9 and ICD-10 codes were assessed
using the KPP database (Appendix A). For the remaining causes
in secondary outpatient care, the average cost for all diagnoses was used. All unit costs are in year 2012 values (average
exchange rate: D 1 = SEK 8.7034). Since Sweden has had a negligible deﬂation in the general price level since year 2012, the
values from 2012 are assumed to still be relevant (Consumer
price index, CPI: 2015 = 1, 2012 = 0.997). Costs of pharmaceuticals and devices of glucose monitoring are excluded from this
study because prescription data were not available for the full
study period. More details on the cost assessment have been
described previously [22].

2.7.

Descriptive statistics on an aggregated level were used to display baseline patient characteristics, resource utilization, and
annual costs per patient in the dataset. For continuous variables, the mean is presented. For categorical variables, the
number and proportions (percentage) in each category are presented. The per patient mean consumption of primary care,
hospitalizations and secondary outpatient care is reported for
the full study period and by yearly intervals in order to explore
patterns in resource use over time. Annual costs per patient
were estimated by applying the unit costs above, and presented in total as well as by healthcare category (primary care,
hospitalization and secondary outpatient care).
The insulin and NIAD group patients were matched 1:1 on
mean two-year cost before index, HbA1c, age and gender.
For many patients the follow-up was shorter than the maximum observation time of 7 years due to death or censoring
at the end of the study period. To account for censoring, the
partitioned method of Bang and Tsiatis was used for calculating the mean annual costs for contacts in primary care,
hospitalisations and secondary outpatient care [33].

2.8.
2.6.

Statistical analysis

Ethical approval

Cost assignment

Annual healthcare costs per patient were evaluated from
the healthcare perspective for the resource use in primary
care, hospitalizations and secondary outpatient care. In order
to estimate costs before and after the initiation of insulin,
Swedish unit costs were applied to the healthcare resource
use data (Table 1). Unit costs for primary care visits were
extracted from cost databases with nationwide average costs
per contact. Unit costs for hospitalizations, with the exception of cancer and other causes, were extracted from the cost
per patient database from the Swedish Association of Local
Authorities and Regions (KPP database). Since no uniform
ICD code is available for cancer, unit costs for cancer-related
hospitalizations were estimated by applying the mean cost per
hospitalization based on diagnosis-related group (DRG) cost

The study was approved by the Regional Ethical Review Board
in Uppsala, Sweden (Dnr. 2010/077).

3.

Results

Of 58,333 T2DM patients; 2823 patients fulﬁlled the criteria and
could thus be included. Patients were most frequently initiated on medium long acting (NPH) followed by mixed medium
long-, long acting and short acting insulin. Patients were followed up to 7 years (mean 3.8 years and total number of patient
years 10,727). Mean age of patients at initiation of insulin was
61 years and 42% were female. Mean patient HbA1c level was
8.7%. Further baseline characteristics are reported in Table 2.
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Table 2 – Baseline characteristics.
All patients started with insulin

Before matching

Matched patients (1:1)

Insulin

NIAD

Number of patients, N
Age, years,
Sex, male, n (%)
Follow up, years
Time on metformin monotherapy (days)

2823
60.8 (11.1)
1645 (58.3)
3.8 (2.6)
n/a

511
59.4 (11.0)
279 (54.6)
4.2 (3.1)
787.7 (752.2)

1859
59.3 (11.5)
1028 (55.3)
3.3 (2.6)
831.4 (727.6)

Insulin

Insulin type, n (%)
Short acting
Medium acting
Mixed medium/long acting
Long acting

90 (3.2)
1558 (55.2)
620 (22.0)
554 (19.6)

15 (3.0)
282 (57.1)
92 (18.6)
105 (21.3)

Cardiovascular disease, n (%)
Myocardial infarction
Stroke
Heart failure
Atrial ﬁbrillation

0
0
0
0
0

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)
0 (0)

Other disease, n (%)
Cancer
Kidney disease

0
0
0

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

Laboratory measurements
HbA1c, %
Glucose, mmol/l
BMI, kg/m2
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Total cholesterol, mmol/l
HDL cholesterol, mmol/l
LDL cholesterol, mmol/l
Triglycerides, mmol/l
Creatinine, mol/l
Estimated GFR, ml/min

8.7 (2.8)
10.5 (3.7)
29.9 (5.5)
142.9 (18.7)
80.6 (9.8)
5.1 (1.1)
1.3 (0.7)
2.9 (0.9)
2.2 (1.8)
78.6 (21.6)
84.0 (20.3)

8.8 (2.9)
11.1 (4.1)
31.5 (5.2)
141.5 (17.5)
81.6 (9.2)
5.0 (1.2)
1.4 (0.8)
2.9 (0.9)
2.2 (1.8)
74.7 (20.0)
87.9 (18.1)

8.2 (2.6)
9.8 (3.0)
31.9 (5.7)
142.3 (17.6)
81.9 (9.8)
5.2 (1.1)
1.3 (0.7)
3.0 (0.9)
2.4 (1.6)
76.3 (19.9)
86.8 (19.4)

8.6 (2.6)
10.9 (3.9)
31.4 (5.0)
141.6 (17.3)
81.5 (9.1)
5.0 (1.2)
1.4 (0.8)
2.9 (0.9)
2.2 (1.8)
74.7 (19.4)
88.1 (17.9)

8.6 (2.6)
11.1 (3.2)
32.1 (5.7)
143.3 (17.3)
82.5 (9.8)
5.3 (1.2)
1.2 (0.5)
3.1 (0.9)
2.4 (1.8)
76.0 (17.8)
87.1 (18.8)

Insulin/add-on treatment initiated, n (%)
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

178 (6.3)
206 (7.3)
206 (7.3)
201 (7.1)
207 (7.3)
237 (8.4)
264 (9.4)
263 (9.3)
323 (11.4)
253 (12.5)
385 (13.6)

21 (4.1)
27 (5.3)
32 (6.3)
36 (7.0)
36 (7.0)
36 (7.0)
40 (7.8)
46 (9.0)
74 (14.5)
76 (14.9)
87 (17.0)

70 (3.8)
100 (5.4)
99 (5.3)
120 (6.5)
171 (9.2)
153 (8.2)
186 (10.0)
204 (11.0)
213 (11.5)
272 (14.6)
272 (14.6)

17 (3.9)
17 (3.9)
24 (5.6)
28 (6.5)
33 (7.6)
34 (7.9)
37 (8.6)
36 (8.3)
58 (13.4)
65 (15.0)
83 (19.2)

21 (4.9)
29 (6.7)
25 (5.8)
26 (6.0)
32 (7.4)
27 (6.2)
46 (10.6)
42 (9.7)
59 (13.7)
59 (13.7)
66 (15.3)

432
59.5 (10.1)
243 (56.2)
4.0 (3.0)
795.1 (760.0)

NIAD
432
59.5 (10.1)
253 (58.6)
3.2 (2.6)
797.9 (696.0)

14 (3.3)
243 (57.9)
71 (16.9)
92 (21.9)

All numbers in parenthesis are standard deviation if not stated otherwise. HDL, high density lipoprotein, LDL, low density lipoprotein, GFR,
glomerular ﬁltration rate.

3.1.

Healthcare costs of patients initiated on insulin

The total mean annual healthcare costs increased from D 1655
per patient 2 years before insulin initiation to D 3814 seven
years after insulin initiation (Fig. 1). Almost half of the total
increase in mean annual healthcare cost occurred already
in year 1, after which the costs continued increasing gradually. Throughout the study period, primary care represents the
largest portion of the total healthcare costs (43–59%), closely
followed by hospitalisation (31–40%). Primary care costs are
especially elevated one year after insulin initiation, while hospitalisation costs increase steadily over time. The costs for
secondary care outpatient visits keep a relatively small share
(10–16%) of total costs throughout the study period. Mean per

patient cumulative healthcare costs were D 14,211 at 5 years
and D 21,334 at 7 years of observation. Primary care had a
higher cumulative cost compared with hospital care, D 10,001
and D 8188 at year 7, respectively.

3.2.
NIAD

Healthcare costs after second line insulin versus

Overall, 511 patients fulﬁlled the inclusion criteria of having
metformin monotherapy for at least 2 years with no gaps of
more than 15 months between two prescriptions, and being
initiated on second line insulin or NIAD. The unmatched
patients who initiated insulin compared to NIAD had slightly
higher levels of HbA1c and blood glucose but were similar in
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Fig. 1 – Mean annual per patient healthcare costs 2 years prior to insulin start and the years thereafter.

all other respects. The matched groups shared similar characteristics compared to the larger group of all patients initiating
insulin, hence the representativity seems to be appropriate.
The total cumulative mean healthcare cost per patient at
year 5 after second-line treatment with insulin was D 13,823,
with hospitalizations as the main cost driver representing
42–51% of total cumulative costs, followed by primary care
visits (33–46% of total cost) and outpatient visits (12–16% of
total cost). The total cumulative mean healthcare cost per
patient at year 5 after second-line treatment with NIAD was
D 9989, with the same distribution in cost categories as for the
insulin group (Fig. 2). Healthcare costs after second line insulin
initiation exhibit a 12-fold increase compared to two years
before insulin initiation, while the healthcare costs after second line with NIAD exhibit an 8-fold increase. The difference
in cumulative healthcare costs between second line insulin
and second line NIAD appeared already in year 1 and continued to increase during follow-up (Fig. 3). Hence the increase
in healthcare costs associated with insulin initiation is
considerably higher that the increase seen after NIAD initiation in second-line.

4.

Discussion

Based on data from a large Swedish observational study of
T2DM patients, this study demonstrates two important ﬁndings; the increased healthcare use and costs after insulin
initiation; and signiﬁcantly higher cumulative costs among

patients initiated on second line insulin compared to patients
initiated on second line non-insulin anti-diabetics (NIADs).
The insulin initiation resulted in a sharp rise of total
healthcare costs within the ﬁrst year, and was followed by continuously increased total healthcare costs up to 7 years. Mean
annual healthcare costs per patient increased 230% over the
7 years. A recent Swedish study has also reported increased
healthcare costs 1 year after insulin initiation, although at
somewhat different rates than those reported here [31]. In
the study by Bexelius et al., the costs increased from D 1980
the year before insulin initiation to D 3637 already the year
after (2012 values, 1D = 8.7034 SEK). One possible explanation for this discrepancy is that in contrast to Bexelius et al.,
using data from 100 patients in 1 Swedish county council, this study included geographically dispersed (rural and
urban) primary care centers as well as the nationwide Swedish
National Patient-, Prescribed Drug- and Cause of Death registries. Another possible explanation for the difference is
the stricter inclusion criteria in the present study, excluding
patients with known CVD or cancer, or patients who were hospitalized within 90 days prior to insulin initiation, to control
for expensive co-morbidities in order to get more accurate
estimates of the changes in costs directly linked to insulin
initiation.
Baseline characteristics of the unmatched insulin group
show that these patients have higher HbA1c and receive
slightly earlier add-on treatment than do NIAD patients. This
could imply a more progressed disease or later diagnosis setting in the insulin group. A previous study has demonstrated
the relationship between costs and HbA1c level, where a 1%-
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Fig. 2 – Cumulative mean cost per patient prior and after add-on treatment in patients treated with insulin (upper pane) and
patients treated with NIAD (lower pane).

point increase in HbA1c led, on average, to a 4.4% increase in
diabetes-related medical costs for type 2 diabetes [34]. This
relationship could help explain the cost increase over time
as the disease progresses. In the present study, on matching
the insulin patients in HbA1c and other important variables to
patients receiving NIAD-treatment in second line, the insulin
initiation was followed by a higher use of healthcare services and a larger increase in total healthcare costs, than
non-insulin treatment. To our knowledge, the present study

is the ﬁrst to compare healthcare costs of patients initiated
on second line insulin to a matched group of patients initiating second line with another NIAD. The difference in health
care costs was visible already after the ﬁrst year and continued to grow during 5 year observation period. At year 5, insulin
patients had incurred D 3800 more in cumulative healthcare
costs per patient than non-insulin patients. The difference
in costs is striking, especially in the view that insulin is put
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Fig. 3 – Increase in cumulative mean cost per patient year
1–5 versus date of add-on treatment in patients treated
with insulin (red full line) and patients treated with NIAD
(blue dashed line).(For interpretation of the references to
color in this ﬁgure legend, the reader is referred to the web
version of this article.)

forward for its alleged low cost compared to non-insulin treatments [13].
The increase in primary care contacts is of particular
interest as it indicates a need for a more intense follow up
after insulin initiation. In Sweden, interaction with diabetes
teams after insulin initiation is well established and recommended in the national guidelines, which could help explain
the increase in primary care costs. In addition, hospitalizations increased substantially in the ﬁrst year after insulin
initiation, compared to patients prescribed non-insulin treatment. The observed difference in hospitalization costs may be
mainly related to the adverse effects of insulin, particularly
hypoglycemia, that require additional healthcare. Despite the
known beneﬁts with early insulin initiation [35–37], it also
carries a number of unwanted side effects [11,15–17]. Hypoglycemic responses, such as sympathoadrenergic activation,
are suspected to act as a causal pathway between insulin treatment and risk of CVD, mortality, and potential serious cardiac
arrhythmias [38].
Furthermore, the increased hospitalization might be linked
to weight gain, which is a well-known side-effect of insulin
treatment. Several studies have shown that overweight is a
major contributor to the increased risk for CV morbidity and
mortality in T2DM patients [8,32,39,40]. In addition, treatment induced weight gain has been reported as having a
negative effect on adherence to diabetic medications [41]. Consequently, several studies have shown that weight changes in
T2DM-patients had effect on healthcare costs due to increased
healthcare consumption [42–44]. For instance, every unit gain
in BMI was found to be associated with 20% increase in costs
among patients who increased their BMI over 12 months
(change in BMI >0) [44].

Previous research of healthcare costs for T2DM in Sweden
has evaluated costs for 1 year at a time, and often in limited cohorts [24–31]. This study longitudinally follows patients’
healthcare use and cost development after initiation of insulin
in a large patient cohort (n = 2823). Patients with data 2 years
prior to insulin initiation were deliberatively chosen to depict
the changes in costs after insulin initiation. By using a large
data material from 84 primary care centers from different
parts of Sweden, selection bias has been reduced. However,
this study also has limitations. One is the relatively small
number of patients available for the full 7 year observation period. The representativeness of the cohorts included
could be questioned, supporting the importance to compare
the larger insulin initiating cohort to the second-line cohort
match. The matched cohort was very similar to all patients
who were initiated on insulin, and the 5-year cumulative mean
healthcare costs were similar in both insulin groups (D 13,823
versus D 14,211), supporting high internal representativeness.
The exclusion of patients who have previous experience of
CVD or cancer, or who were hospitalized within 90 days prior
to insulin initiation, was also performed to minimize the risk
for confounding. Another potential drawback are the included
cost items. Healthcare utilization is limited to primary care
visits, hospitalizations and secondary outpatient visits, and
does not account for other emergency care or outpatient care.
However, the main treatment of T2DM in Sweden is provided
by the included items, why this study gives a well-covered
estimate of the costs that follow insulin initiation.

5.

Conclusions

Initiation of insulin in type 2 diabetes patients were followed by increased costs in primary, secondary outpatient and
hospital care, larger than those seen in a matched patient population initiated on non-insulin treatment in second-line. To
fully analyze the implications of insulin and NIAD treatment,
a cost-effectiveness analysis is required.
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Appendix A.
Item costs used to calculate mean and median costs per individual for outpatient visits. Cost reference: KPP Database.

p r i m a r y c a r e d i a b e t e s 1 1 ( 2 0 1 7 ) 184–192

ICD10

EUR/admission

Year

E11
E10
H25
Z49
Z09
E14
Z13
H40
I20
C61
I48
Z01
M17
I25
H35
R10
Z51
Z08
L40
I70
R07
M79
Z96
M05
other ICD codes

297.58
190.16
290.81
167.52
447.76
237.84
295.40
134.77
118.23
381.46
383.76
406.51
183.38
290.23
312.06
305.97
341.71
416.85
478.89
277.71
316.77
392.95
410.30
250.36
298.16
310.91

2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013
2013

Comments

[8]

[9]

[10]

[11]

[12]

[13]

mean for all
diagnosis

[14]
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