International Journal of Diabetes and Endocrinology

2019; 4(3): 62-72
http://www.sciencepublishinggroup.com/j/ijde
doi: 10.11648/].ijde.20190403.11

(Y J' v r
otlencer

Science Publishing Group

ISSN: 2640-1363 (Print); ISSN: 2640-1371 (Online)

Cost Change After Initiating Basal Insulin for 6 Months in
Patients with Type 2 Diabetes: A Registry Study in China

Dongshan Zhu"?, Xian Li’, Jiachao Ji°, Juming Lu®, Weiping Jia®, Linong Ji®, Puhong Zhangl’ ’

'Diabetes Research Program, The George Institute for Global Health at Peking University Health Science Center, Beijing, P. R. China
2School of Public Health, The University of Queensland, Brisbane, Queensland, Australia

3Biostatistics & Economic Evaluation Program, The George Institute for Global Health at Peking University Health Science Center, Beijing,
P. R. China

*Department of Endocrinology, The General Hospital of the People's Liberation Army, Beijing, P. R. China
Department of Endocrinology, Shanghai Sixth People’s Hospital, Shanghai, P. R. China
Department of Endocrinology and Metabolism, Peking University People’s Hospital, Beijing, P. R. China

Email address:
dongshan.zhu@uq.net.au (Dongshan Zhu), zpuhong(@ georgeinstitute.org.cn (Puhong Zhang)

*Corresponding author

To cite this article:

Dongshan Zhu, Xian Li, Jiachao Ji, Juming Lu, Weiping Jia, Linong Ji, Puhong Zhang. Cost Change After Initiating Basal Insulin for 6 Months
in Patients with Type 2 Diabetes: A Registry Study in China. International Journal of Diabetes and Endocrinology.

Vol. 4, No. 3, 2019, pp. 62-72. doi: 10.11648/j.1jde.20190403.11

Received: July 18, 2019; Accepted: August 13, 2019; Published: September 3, 2019

Abstract: This study aims to examine short-term treatment cost changes after initiating basal insulin in insulin naive patients
with type 2 diabetes for 6 months in routine clinical practice. Observational Registry of Basal Insulin Treatment (ORBIT)
program is a 6-month, prospective study in China. Patients with type 2 diabetes inadequately controlled (HbA1C>7%) by oral
antidiabetic drugs (OADs) and willing to initiate basal insulin treatment were enrolled from 209 hospitals of eight geographic
regions of China. Type and dose of BI were at the physician’s discretion and patients’ willingness. Interviews were conducted at
baseline, month 3 and month 6. Daily treatment cost (including cost of OAD medication, insulin therapy, self-monitoring of
blood glucose and dealing with minor hypoglycemia) of per person before and after adding BIs was evaluated. After adding on
Basal insulin, the weighted mean + standard deviation (SD) daily treatment cost for insulin-naive patients with type 2 diabetes
increased from $1.25 + $0.74 (baseline) to $2.57 + $0.68 at month 6, a median (Q1, Q3) increase of 1.51 (0.38, 4.11) times over
6 months. The daily treatment cost increased with growing baseline HbA1c level and prolonged diabetes duration. The reduction
in HbAlc was 2.2%, with minor hypoglycemia increased by 0.68 times/person/year. Insulin cost accounted for the highest
proportion (47.9%) of costs. Our findings suggest adding-on BI therapy may increase the daily treatment cost by 1.5 times at 6
months. Early initiation of BI therapy may provide an opportunity to achieve treatment goals with low cost and low risk of
hypoglycemia.
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Moreover, only approximately 25% of patients with T2DM in
China have access to treatment, with only 39.7% of those
achieving adequate glycemic control [4]. Poor glycemic
control and the consequential development of complications
associated with T2DM increase treatment costs.

As T2DM progresses, introduction of insulin becomes
imperative to maintain adequate glucose control [6, 7].
Guidelines on diabetes management recommend the addition
of basal insulin (BI) in combination with second- or third-line

1. Introduction

Type 2 diabetes mellitus (T2DM) is a major public health
challenge in China. With the largest population with T2DM in
the world—estimated at 98.4 million people in 2013 [1]—the
prevalence of T2DM in China has risen dramatically over the
decades [2]. Nationally representative samples reported a
prevalence rate of 9.7% in 2007 [3] and 2010 [4], based on
1999 World Health Organization diagnostic criteria [5].



63 Dongshan Zhu et al.:

Cost Change After Initiating Basal Insulin for 6 Months in Patients with

Type 2 Diabetes: A Registry Study in China

of antihyperglycemic therapy and use of BI as an initial
treatment in patients with inadequate glucose control with oral
antidiabetic drugs (OADs) [8-12].

The therapeutic choices for BI include neutral protamine
hagedorn (NPH) insulin and the long-acting analogs, insulin
glargine and insulin detemir. Clinical trials [13-17] and
observational [18-22] studies have evaluated the efficacy and
effectiveness of BI therapies in T2DM patients, and shown
that when added to existing OADs, all these forms of Bls can
effectively control glucose, although BI analogs have
demonstrated lower risk of hypoglycemia compared with
NPH insulin.

Besides effectiveness and safety, the acceptability of a
certain therapy also depends on the influence of that therapy
on costs following initiation of it, which relates to affordability.
Previous studies on the costs of BIs, either in clinical trials or
observational studies (prospective or retrospective cohort)
[23-27], emphasized on evaluating the long-term
cost-effectiveness (through the index of cost/quality-adjusted
life-years [QALYs]) by using diabetes models, such as the
Center for Outcomes Research (CORE) model [28, 29]. Few
studies have evaluated short-term change in treatment cost
caused by regimen conversion from insulin-naive therapy to
add-on insulin therapy. Thus, the treatment cost changes
during this conversion is unknown. In the real world, types
and dose of Bls were initiated based on physicians’ judgment
and patients’ preference. This large-scale observational study
aimed to evaluate the short-term cost changes for patients
undergoing a conversion from OAD-only regimen
(insulin-naive patients) to add-on insulin therapy in routine
clinical practice.

2. Materials and Methods
2.1. Study Design

ORBIT was a 6-month, multicenter, prospective registry
study conducted in China. A nationally representative sample
of patients with established T2DM was enrolled at hospitals
representative of eight geographic regions and two hospital
tiers at secondary (county or district) and tertiary (provincial
or national) levels. Insulin-naive patients with T2DM aged
18-80 years inadequately controlled with OADs (glycated
hemoglobin [HbAlc] > 7%, 53 mmol/mol) and willing to
accept BI treatment were consecutively enrolled by their
physicians from the end of 2011 to June 2013, in same number
of secondary and tertiary hospitals all over China. The type
and dose of BI were prescribed based on the physicians’
judgment and patients’ preferences.

For each participant, the costs were investigated before the
initiation of BI (visit 0), immediately after the initiation of BI
(visit 1), at mid-term (3 months, visit 2), and at the end of the
study (6 months, visit 3). Patients were asked to bring their
routine medications for taking for interviewers to check
during investigation. Types and doses of daily consumed
OADs and insulin, number of needles used for injection per
day, self-reported frequency of SMBG (self-monitoring of

blood glucose) and minor hypoglycemia in the previous one
month were documented for each patient. According to the
American Diabetes Association (ADA) recommendations
[11], minor hypoglycemia episodes included documented
symptomatic, asymptomatic, probable symptomatic, or
pseudo-hypoglycemia. The frequency of severe hypoglycemia
was extremely low, with 0.05 episodes/person-year in visit 1
and 0.03 episodes/person-year at visit 3. Given the short
observation period, it was not included in this cost analyses
[11].

The protocol was approved by the Institutional Review
Board (IRB) of Peking University, and when necessary, by
local IRBs. Further details on the study design and baseline
characteristics are available in a previous article [30].

2.2. Cost Definition and Calculations

Diabetes treatment costs in this study consisted of cost of
OAD medication, insulin therapy (including needles used for
injection), SMBG (including blood glucose testing strips and
lancets), and cost to deal with minor hypoglycemia.

2.2.1. Definition of Unit Cost

a) Unit cost of insulin: Based on the sale price of a certain
insulin in the hospital, the unit cost of insulin = the sale
price of insulin ($)/the total dose of a single commodity
(International unit, IU).

b) Unit cost of OADs: Based on the sale price of a certain
OAD in the hospital, the unit cost of an OAD = the sale
price of an OAD ($)/the total dose of a single commodity
(mg).

c) Unit cost of needles used for injection, blood glucose
testing strips and lancets were based on the sale price for
a single unit in each hospital.

The average cost for dealing with each minor hypoglycemia

episode was 2.4 Chinese yuan (CNY) [31].

2.2.2. Cost Calculations

Daily treatment cost was evaluated in this study. For each

patient, the daily cost was calculated as follows:

a) Daily cost of OADs medication
= Z{-‘zl Unit cost of O0AD; X OAD; dose used per day
where k is the number of types of OAD;

b) Daily cost of insulin therapy
:Zi-‘zl Unit cost of insulin; X insulin; dose used per day,
where k is the number of types of insulin;

¢) Daily cost of needles = (Number of needles used in past
7 days x unit cost of needle)/7.

d) Daily cost of SMBG = Frequency of SMBG in past 30
days X (unit cost of strips + unit cost of lancets)/30;

e) Daily cost of hypoglycemia event = (Frequency of
hypoglycemia in past 30 days X average cost of
hypoglycemia treatment)/30;

f) Total daily treatment cost for each patient= Daily cost of
OADs medication + Daily cost of insulin therapy + Daily
cost of needles +Daily cost of SMBG + Daily cost of
hypoglycemia event;

g) Daily treatment cost change from visit 0 to visit 3 for
each patient= Total daily treatment cost at visit 3- Total
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daily treatment cost at visit 0;

h) Times of cost increase for each patient= Daily treatment
cost change from visit 0 to visit 3/ Total daily treatment
cost at visit 0.

2.3. Statistical Methods

Descriptive statistics were used in analyses. Characteristics
of overall patients and patients in individual region were
described. Daily treatment cost change from visit 0 to visit 3
and times of cost increase were described in each region. The
weighted mean of overall cost increase from visit 0 to visit 3,
and weighted overall times of cost increase were calculated
from the value of each region. The weight for each region was
calculated by using following process. Firstly, according to the
prevalence [32] of T2DM and population of each province
[33], the number of patients with T2DM in each province was
calculated. Then, the total number of patients with T2DM in
each region was calculated by gathering the patients’ number
in each province included in that region. Third, the weight of
each region was calculated by using the number of patients in
that region divided by the total number of patients in eight
regions. After calculation, the weights of eight regions were:
Southwest (0.10), Northwest (0.04), Mid-Yangtze River
(0.16), Mid-Yellow River (0.15), South Coast (0.13), East
Coast (0.12), North Coast (0.20), Northeast (0.10). Detailed
calculation process was showed in Table 5.

Weighted mean of cost increase and weighted times of cost
increases were also described in subgroups such as region,
hospital tier, source of patients, baseline HbAlc level and
diabetes duration etc. Changes in the factors related to costs,
including OAD number, insulin dose, SMBG and
hypoglycemia frequency were described from visit 0 to visit 3.
Cost proportion of each item at each visit were also described.

For continuous variables, a normality test was performed.
Continuous variables with normal distribution were presented

as mean + SD values. Continuous variables for skewed
distribution, commonly treated as normal data in most studies,
were also reported as mean £ SD, while other variables were
reported as median (QI1, Q3). Discrete variables were
presented as n (%). All costs were presented in US dollar ($).

3. Results

3.1. Baseline Characteristics

18,995 patients qualified for recruitment. Detailed baseline
characteristics at baseline have been described in a different
publication [30]. Of the 18,995 participants, 16,341 completed
the 6-month follow-up. The mean age was 55.4 £ 10.3 (mean
+ SD) years, and 52.8% of the participants were men; the
mean body weight was 67.4 + 11.8 kg; the mean HbAlc and
fasting plasma glucose (FPG) were 81 (9.6%) = 21.9
mmol/mol and 11.6 + 4.0 mmol/L at baseline, respectively;
and the mean duration of diabetes was 6.5 £ 5.3 years.
Percentage of patients in different subgroups in overall and
eight geographical regions were demonstrated in Table 6.

3.2. Daily Treatment Cost in Eight Regions

Overall, before initiation of Bls, the weighted mean of daily
treatment cost for insulin-naive T2DM patients was $1.25 +
$0.74, which increased to $2.29 + $0.51 following
prescription of Bis and $2.57 + $0.68 after 6 months, a median
(Q1, Q3) increase of 1.51 (0.38, 4.11) times over 6 months.
The daily treatment cost change and times of cost increase
varied in regions (Table 1). Clinical outcomes at month 6 in
overall and eight regions were listed in Table 7. The overall
reduction in HbAlc was 2.2%. The frequency of minor
hypoglycemia increased by 0.68 times/person/year, with a
slight increase in body weight.

Table 1. Daily treatment cost at each visit, daily treatment cost change and times of cost increase at month 6 in total and 8 regions.

Treatment cost at v0 Treatment cost at v1

Treatment cost Times of cost increase

Treatment cost at v3

Regions change (v3-v0) at 6 months
N Mean = SD ($) N Mean = SD ($) N Mean = SD ($) Mean = SD ($) Median (Q1, Q3)

North coast 3273 1.41£1.96 3273 2.46+1.56 2917 2.82+£1.70 1.45+£221 1.47 (0.38, 4.18)
Yangtze River 3018 1.18+2.00 3018 2.41+1.31 2605 2.56+£2.49 1.40 £2.02 1.51(0.44, 4.29)
Southwest 2913 1.334£2.25 2913 2.01£1.31 2175 2.46+1.78 1.11 £2.66 1.45 (0.26, 4.02)
Yellow River 2830 0.89+1.25 2830 1.67+1.16 2628 1.88+1.16 1.02 +£1.39 1.59 (0.32, 4.46)
East coast 2267 1.3842.16 2267 2.43+1.36 1978 2.86+1.77 1.49 +£2.49 1.46 (0.45, 3.35)
South coast 1987 1.4242.21 1987 2.53£1.27 1620 2.77+1.86 1.32+2.47 1.07 (0.22, 3.22)
Northeast 1670 1.09+2.51 1670 2.68+1.37 1435 2.82+1.62 1.82+£1.96 2.41(0.81,5.67)
Northwest 1037 1.24+1.98 1037 2.45+1.05 977 2.60£1.11 1.37+£2.19 1.38(0.48, 3.39)
Total’ 18995 1.25+0.74 18995  2.29+0.51 16335 2.57+0.68 1.35+£0.80 1.51(0.38,4.11)

For the total values, weighted means of daily treatment cost for each visit and weighted medians for times of cost increase at month 6 were calculated. The
weights for each region were: Southwest (0.10), Northwest (0.04), Mid-Yangtze River (0.16), Mid-Yellow River (0.15), South Coast (0.13), East Coast (0.12),
North Coast (0.20), Northeast (0.10). v0, visit 0- Before initiation of BL; v1, visit 1- Immediately after the initiation of BI; v3, visit 3- End of the study at month

6; SD, standard deviation; Q1, 25th percentile; Q3, 75th percentile.
*Times of cost increase= (Treatment cost change)/ Treatment cost at v0.

3.3. Daily Treatment Cost in Subgroups

Patients in tertiary hospital, in-patients had higher daily
treatment cost increase than patients in secondary ($1.42 vs.
$1.27, p<0.05) and out-patients ($1.38 vs. $1.32, P<0.05)

respectively. Treatment cost change increased with the
growing of baseline HbAlc level (Figure 1A) and prolonged
diabetes duration (Figure 1B). Patients with insulin glargine
(1.49 + 2.09) or detemir (1.66 + 2.54) had higher treatment
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cost change than those with NPH insulin (0.56 + 2.14).  than those who had used two or more OADs (Table 2).
Patients using only one OAD had the highest cost increase
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Figure 1. Association between treatment cost change at month 6 and (4) baseline HbAIc (%) level, (B) baseline diabetes duration (vears).

Table 2. Daily treatment cost at each visit, daily treatment cost change and times of cost increase in various subgroups’.

Treatment cost at v( Treatment cost at v1 Treatment cost at v3 Treatment cost Times of cost increase at 6
Group variable N Mean £ SD ($) Mean £ SD (5) N Mean £ SD (5) gl)ange (v3-v0) gglthsi, Median (Q1,
Total 18,995 1.25+£0.74 2.29+0.51 16335 2.57+0.68 1.35+0.80 1.51(0.38,4.11)
Hospital level
Secondary 9443 1.12+2.10 2.10+1.41 8421 239+ 1.87 127 +£2.10 1.55 (0.4, 4.35)
Tertiary 9552 1.36 £ 1.98 248 +1.29 7914 2.75+1.73 142 +2.28 1.45 (0.36, 3.85)
Age (years)
<40 1277 1.13+£2.32 235+1.54 1097 2.50+1.98 1.45+2.08 1.86 (0.41, 5.13)
[40, 50) 4253 1.24+2.57 227+1.25 3647 2.52+222 1.27+2.73 1.57(0.37,4.21)
[50, 60) 6541 1.22+1.88 2.30+1.42 5675 2.58+£1.62 1.38 £2.00 1.51 (0.40, 4.13)
>60 6924 1.28 £1.75 228 +1.35 5916 2.60+1.67 1.34+£2.01 1.42(0.36, 3.81)
Gender
Male 9968 1.24+2.01 2.35+1.35 8623 2.62+1.90 138 +2.24 1.55(0.38, 4.16)
Female 9027 1.24 +£2.08 221+1.38 7712 2.51+1.71 1.31+2.14 1.46 (0.38, 4.07)
Baseline HbAlc (%)
[7,8) 8532 1.04 +2.08 2.29+1.33 7500 240+ 1.69 1.27+1.85 1.31(0.33,3.41)
[9, 11) 6087 1.11 £2.05 240+ 1.37 5199 2.52+1.79 1.39 +1.87 1.60 (0.43, 4.30)
[11, 13) 3048 1.18 + 1.60 2.19+1.34 2535 258 +1.52 141+2.52 1.93 (0.49, 5.41)
>13 1328 1.29+2.53 2.37+1.41 1101 2.68+2.19 1.52 +2.50 2.04 (0.37,5.72)
Diabetes duration (years)
<5 8805 1.11£2.13 2.18+1.29 7545 235+1.84 1.26 +£2.20 1.37 (0.38, 3.66)
[5,10) 5495 1.29+1.84 2.33+1.46 4722 2.64+1.79 1.36 +2.23 1.46 (0.39, 3.79)
[10, 15) 3309 1.38 £1.65 2414137 2877 2.83+1.68 1.47 £2.06 1.35(0.39, 3.54)
>15 1385 1.56 +2.86 2.54+1.40 1190 2.99 +1.85 1.54 +2.26 1.24 (0.32,3.71)

Education degree
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Treatment cost at v0 Treatment cost at v1

Treatment cost at v3

Treatment cost

Times of cost increase at 6

Group variable N Mean = SD ($) Mean £ SD ($) N Mean £ SD ($) Eﬂl:)ange (v3-v0) glg;lths;t, Median (Q1,
Primary school 5,5, 161235 2.06+127 4334 227+197 1.13£227 1.54 (0.33, 4.52)
or illiterate

i‘:ﬁ(‘)‘:lh‘gh 5859 1.23+2.03 2244142 5011 2.51+1.77 130+232 1.49 (0.37, 4.18)
S’:ﬁ‘(‘)‘(’; high 4724 12941.97 2.45+1.43 4160 274+ 1.77 1.4942.10 1.4 (0.38, 3.73)
Junior college 1965 129+ 1.71 246+132 1715  2.83+ 1.64 1.534+2.08 1.58 (0.47, 4.19)
Bachelordegree 1,93} 364139 254+1.19 115 291+1.56 159+ 1.63 1.53 (0.47, 3.48)
or higher

Current residence

Utrban 13019 1.34+2.09 244+139 11170 2.75+ 1.88 1444213 1.42 (0.37, 3.66)
Rural 5976 1.0241.92 1.96+1.27 5165  2.16+1.59 1.1542.30 1.77 (0.40, 5.2)
Patient resource

Outpatient clinic ~ 8361 132£2.15 2.19+1.30 7326 2.62+1.90 132£2.13 1.36 (0.36, 3.49)
Inpatient ward 10634 1.18+1.95 2364142 9009  2.52+1.73 1384224 1.68 (0.39, 4.69)
Out of pocket costs (%)

<20 2940 1514228 2.68+138 2513 2.95+1.68 147211 1.07 (0.30, 2.95)
[20, 40) 7202 126+ 1.62 239+ 1.44 6253 2.71+1.63 1.4741.95 1.5 (0.44, 3.94)
[40, 60) 4276 110+ 1.77 2.10+1.30 3682 235+ 1.75 1274230 1.75 (041, 5.11)
[60, 80) 2045 1.06 +2.13 1.96 % 1.19 1737 222+ 1.69 1.16+2.58 1.73 (0.32, 4.82)
>80 2528 126 42.95 2.11+124 2150 2354243 1144236 1.42 (0.34, 4.04)
BMI (kg/m?2) at v1

<24 8149 125+2.10 2.19+132 6946 248+ 1.61 1.26+2.26 1.42 (0.36, 3.94)
[24,28) 7927 1244215 2304139 6864  2.61+2.02 1394216 1.58(0.4,4.2)
>28 2918 123+ 1.54 252+ 1.41 2525 2.69+1.71 1.47+2.07 1.55 (0.38, 4.38)
Macro complications

No 16137 123+2.15 2284136 13830 2.56+ 1.86 1354227 1.54(0.39, 4.2)
Yes 2858 130+1.33 2354139 2505  2.63+1.51 133£1.73 1.29 (0.30, 3.61)
Micro complications

No 13587  1.22+2.10 2254137 11679 2.53+1.89 13342.29 1.5 (0.39, 4.16)
Yes 5408 1294 1.90 238+135 4656 2.66+1.59 1.40+ 1.93 1.41 (0.34, 3.98)
Number of OADs before v1

1 8675  0.72+0.89 2204124 7462 244+1.59 1734+ 1.68 3.02 (1.12, 7.65)
2 8351 1.47 £2.46 230+ 1.46 7185 2.61%2.00 1194231 1.08 (0.27, 2.6)
>3 1969  2.61+2.78 2.61 %147 1688 2.94+1.83 0.35 +3.09 0.29 (-0.13, 0.8)
Bl type at vl

Glargine 13294  126+2.05 247+129 11287 2.72+1.87 1.49 4 2.09 1.58 (0.47, 4.16)
Detemir 2385 127+ 1.94 276+132 2135 2.94+1.82 1.66 4 2.54 1.80 (0.57, 4.84)
NPH 3316 1.1442.07 123+ 1.17 2913 1.68+1.22 0.56+2.14 0.99 (0.10, 3.37)

"Weighted means or medians were calculated for each subgroup. HbAlc, glycated hemoglobin; BMI, body mass index; OADs, oral antidiabetic drugs; BI, basal
insulin; NPH, neutral protamine Hagedorn; v0, visit 0- Before initiation of BI; v1, visit 1- Immediately after the initiation of BI; v3, visit 3- End of the study at

month 6; SD, standard deviation; Q1, 25th percentile; Q3, 75th percentile.
*Times of cost increase= (Absolute cost increase)/ Self-report cost at v0.

3.4. Cost Proportion

The number of OADs used at visit 0 decreased substantially
at visit 1 and remained stable at the following visits. BI dose
and total insulin dose decreased at visit 3, while the frequency

of SMBG and minor hypoglycemia increased at visits 2 and 3
(Table 3). The cost of Insulin accounted for the highest
proportion (approximately 50%) of costs, with costs of OAD
medications ranking second (37.3%) (Table 4).

Table 3. Changes in factors related to cost of treatment’.

Before initiation of BI: v0

Immediately after the

Mid-term at month

End of the study at

Variables (n=18995) initiation of BI: vl (n=18995)  3: v2 (n=17253) month 6: v3 (n=16336)
Mean £+ SD Mean = SD Mean £ SD Mean £+ SD

OAD number 1.67+0.25 1.24+0.32 1.31+£0.31 1.31+0.31

Bl dose (IU/day) - 11.50 £ 1.68 1091 +£2.58 10.53 +£2.90

Insulin dose (IU/day) - 17.67 +£4.63 16.57 +4.98 15.94 +£5.06

SMBG frequency per month 5.07+3.73 - 6.94 +3.58 6.09 +2.85

Needle number per week - - 3.04+£3.50 2.73+3.21

Hypoglycemia frequency per month 0.15+0.33 - 0.22 +0.30 0.20 + 0.42

"Weighted means were calculated for each variable according to their values in each region and the weights for each region. BI, basal insulin; OADs, oral

antidiabetic drugs; SMBG, self-monitoring of blood glucose; v0, visit 0; v1, visit 1; v2, visit 2; v3, visit 3; SD, standard deviation.
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Table 4. Cost ($) of each item and cost proportion (%) at each visit'.

Cost Change After Initiating Basal Insulin for 6 Months in Patients with

Before initiation of BI: v0

Immediately after the

Mid-term at month 3: v2

End of the study at month 6:

Variable (N=18995) initiation of BI: vl (N=18995) (N=17253) v3 (N=16335)

Mean + SD El;(l))z)ortlo Mean + SD ?;:)p ortion Mean + SD El;(l))z)ortlo Mean + SD :’l;)())portlon
OAD cost ($) 1.10+0.73 88.6 0.93+0.43 40.9 0.97 +£0.52 36.4 0.96 +0.54 37.3
Insulin cost ($) = - 1.35+£0.30 59.1 1.28+0.34 47.8 1.23+0.36 47.9
Needle cost ($) - - - - 0.23+0.14 8.5 0.21£0.12 8.1
SMBG cost ($) 0.14+0.11 11.2 - - 0.19+0.10 7.1 0.17+0.09 6.6
Hypoglycemia cost (§)  0.00 £ 0.00 0.2 - - 0.00 £ 0.00 0.1 0.00 +0.01 0.1
Total cost ($) 1.25+0.74 100.0 2.29+0.51 100.0 2.68 + 0.66 100.0 2.57 +0.68 100.0

"Weighted means of cost for each variable were calculated. OADs, oral antidiabetic drugs; SMBG, self-monitoring of blood glucose; v0, visit 0; v1, visit 1; v2,

visit 2; v3, visit 3; SD, standard deviation.

4. Discussion

This large registry study showed that the introduction of BI
therapy may increase the daily treatment cost (including OADs,
insulin, SMBG, and dealing with hypoglycemia) by 1.5 times at
6 months, with a 2.2% reduction in HbAlc levels and a slight
increase in frequency of hypoglycemia. Higher HbAlc level
and longer diabetes duration at baseline were related to the
higher treatment cost increase after initiation of BI.

Daily treatment cost and change of daily treatment cost at
month-6 increased with the growing of baseline HbAlc level
and prolonged diabetes duration. Also, the ones with longer
diabetes duration (>15 years) had lower HbAlc reduction at
month 6 (1.75% vs. 2.47%), compared to the ones with shorter
diabetes duration (<5 years). This is consistent with a
sub-analysis from the MOTIV study which found that patients
with shorter duration of diabetes needed lower dose of insulin
(which means lower cost of insulin) compared with those
having longer duration of diabetes to achieve the same
reduction in their HbAlc levels [34]. Furthermore, the ones
with higher baseline HbAlc level or longer diabetes duration
had higher frequency of minor hypoglycemia (Table 7). All of
these suggest that to the insulin-naive patients with T2DM
uncontrolled by OADs, early initiation of BI therapy might
provide an opportunity to achieve treatment goals with low
cost and low risk of hypoglycemia.

After adding BI to an OAD-only treatment, cost of insulin
therapy accounted for 48% of the total treatment costs. This
percentage was similar to that observed in Canada (48.6%)
[35], but is lower than that in the United States (75.5%) [36].
OADs medication costs accounted for 36.0% of the total
treatment cost, higher than that among insulin users in western
countries (range: 19.5%-27.0%) [35, 36]. This is not a
surprising finding when considering the differences between
Asian and Western cultures. Chinese patients prefer to use
OADs rather than insulin injection, because they believe being
treated with insulin causes family and friends to be more
concerned about them, and that they will also be more
dependent on their doctors [37]. Most Chinese patients view
the insulin treatment as the last choice.

For patients using insulin injections, SMBG is recognized
as a core component of effective diabetes self-management.
However, little is known about the real-world frequency and
true costs associated with SMBG. This study showed that

following addition of BI for 3 and 6 months, the frequency of
SMBG doubled (from 2 times/month to 4 times/month) and
SMBG-related costs accounted for around 7% of the total
treatment cost for insulin users; the average cost of SMBG
(including blood testing strips and lancets) per patient per day
was around $0.20. The percentage and daily cost of SMBG in
ORBIT were much lower than those observed in western
countries [35, 36] wherein SMBG accounted for
approximately 23.1% to 41.6% of the total diabetes-related
pharmacy costs, and the average cost per testing strip was
$0.79 to $0.98. The difference between China and western
countries might be due to the different methods of data
collection. Previous studies on SMBG in western countries
were all retrospective studies, with the number of blood
testing strips calculated according to pharmacy-based SMBG
testing. Moreover, in the aforementioned studies, at least one
pharmacy claim for blood glucose testing strips was required.
However, in ORBIT study, SMBG behavior was home-based
instead of as prescribed by a physician, and patients decided
whether to perform SMBG or not. Hence, not all patients in
the ORBIT study had SMBG. Compared with previous studies
that calculated SMBG cost according to pharmacy claim
records (record of blood testing strips), the results of ORBIT
may better reflect home-based SMBG frequency and cost,
which is more pertinent to the practical self-management
behavior of patients in China. Owing to the lack of awareness
and skill of performing SMBG, home-based SMBG costs
accounted for a lower percentage of costs in diabetes
treatment.

This study also collected data on the frequency of
hypoglycemia. Most hypoglycemic events were minor, and no
requirement for medication or formal health care. Patients
always dealt with hypoglycemia by food intake or more rest.
Thus, costs of dealing with hypoglycemia were relatively low,
accounting for only 0.1% of the total costs.

Strengths of this study included the large sample size (almost
20,000 participants) drawn from all major regions of China
among a clinically relevant heterogeneous population. This
enables economically valid assessment of the influences of
introducing BI therapy on cost changes at the regional and
hospital level under real-life clinical practice conditions.
However, as shown in Table 1 and 2, differences exist in daily
treatment cost change and times of cost increase among regions
and hospitals, and attention needs to be paid when applying the
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results of this study to specific regions or hospitals.

In ORBIT, the three most commonly used BIs (insulin
glargine, insulin detemir, and NPH insulin) were considered as
a whole group to assess the overall daily costs following
addition of these BIs to insulin-naive T2DM patients. Results
on the costs of BI types in the subgroups were crude results
without adjusting for the confounding factors. Therefore,
further research have been planned to focus on cost
comparison among the three most commonly used Bls in the
real world, with adjustment for covariate variables such as
baseline variables.

5. Conclusions

Adding-on BI therapy may increase the daily treatment cost
by 1.5 times at 6 months. Early initiation of BI therapy may
provide an opportunity to achieve treatment goals with low
cost and low risk of hypoglycemia. For patients who are
insulin naive and uncontrolled by oral antidiabetic drugs,
physicians and patients can predict the cost change once
initiated basal insulin and make decision accordingly. Further
studies are needed to compare the cost changes caused by
specific basal insulin initiation, such as insulin glargine,
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Table 5. Calculation of the weights for each region.

Regions and Population in each Prevalence of type 2 diabetes in Number of patients with type 2 diabetes =~ Weight for each
provinces province (Unit: 10000) each province (%) in each province region’
Southwest

Yunnan 4333 7.3 3163090

Guizhou 3837 7.3 2801010

Sichuan 8673 1.4 1214220

Chongqing 3107 12.4 3852680

Guangxi 4822 10.4 5014880

All 16045880 0.10
Northwest

Gansu 2593 10.4 2696720

Qinghai 529 7.3 386170

Ningxia 572 7.3 417560

Tibet 267 7.3 194910

Xinjiang 1905 14.3 2724150

All 6419510 0.04
Mid-Yangtze River

Hubei 5988 10.4 6227520

Hunan 6629 7.3 4839170

Jiangxi 4222 10.4 4390880

Anhui 6338 14.3 9063340

All 24520910 0.16
Mid-Yellow River

Shaanxi 3674 7.3 2682020

Shanxi 3294 12.4 4084560

Henan 9613 14.3 13746590

Inner Mongolia 2379 14.3 3401970

All 23915140 0.15
South Coast

Fujian 3466 12.4 4297840

Guangdong 7859 18.75 14735625

Hainan 803 10.4 835120

All 19868585 0.13
East Coast

Shanghai 1625 18.75 3046875

Jiangsu 7381 12.4 9152440
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Regions and Population in each Prevalence of type 2 diabetes in Number of patients with type 2 diabetes =~ Weight for each
provinces province (Unit: 10000) each province (%) in each province region’
Zhejiang 4647 12.4 5762280

All 17961595 0.12
North Coast

Beijing 1423 18.75 2668125

Tianjin 1007 18.75 1888125

Hebei 6735 18.75 12628125

Shandong 9082 14.3 12987260

All 30171635 0.20
Northeast

Liaoning 4203 14.3 6010290

Jilin 2699 18.75 5060625

Heilongjiang 3813 12.4 4728120

All 15799035 0.10
Total 154702290 1.00

"Weight for each region was calculated by using their number of patients with type 2 diabetes divided by the total number of patients, e.g., the weight for
Southwest equal to 16045880/154702290=0.10

Table 6. Percentage of patients in different subgroups in overall and eight geographical regions, n (%).

Region

Characteristics Total Al Yz.mgtze Southwest Y?“OW East coast U Northeast Northwest
Coast River River Coast

Hospital level
Secondary Hospital 9443 (49.7) 1802 (55.1) 1539 (51.0) 1381 (47.4) 1424 (50.3) 986 (43.5) 955 (48.1) 806 (48.3) 550 (53.0)

Tertiary Hospital 9552 (50.3) 1471 (44.9) 1479 (49.0) 1532 (52.6) 1406 (49.7) 1281 (56.5) 1032 (51.9) 864 (51.7) 487 (47.0)
Age
<40 1277 (6.7) 233 (7.1) 205 (6.8) 138 (4.7) 250 (8.8) 105 (4.6) 114 (5.7) 150 (9.0) 82(7.9)
[40-50) 4253 (22.4) 700 (21.4) 683(22.6) 619(21.2) 765 (27.0) 413 (18.2) 399(20.1) 382(22.9) 292 (28.2)
[50-60) 6541 (34.4) 1217 (37.2) 1038 (344) 923 (31.7) 973 (34.4) 802 (35.4) 683(34.4) 601 (36.0) 304 (29.3)
>=60 6924 (36.5) 1123 (34.3) 1092 (36.2) 1233 (42.3) 842 (29.8) 947 (41.8) 791 (39.8) 537 (32.2) 359 (34.6)
Gender
Male 9968 (52.5) 1561 (47.7) 1643 (54.4) 1485 (51.0) 1536 (54.3) 1174 (51.8) 994 (50.0) 907 (54.3) 668 (64.4)
Female 9027 (47.5) 1712 (52.3) 1375 (45.6) 1428 (49.0) 1294 (45.7) 1093 (48.2) 993 (50.0) 763 (45.7) 369 (35.6)
HbAlc group at vl
[7-9) 8532 (44.9) 1569 (47.9) 1371 (45.4) 1268 (43.5) 1316 (46.5) 996 (43.9) 692 (34.8) 774 (46.3) 546 (52.7)
[9-11) 6087 (32.0) 1069 (32.7) 989 (32.8) 885 (30.4) 872 (30.8) 797 (35.2) 633(31.9) 519(l1.1) 323 (31.1)
[11-13) 3048 (16.0) 481 (14.7) 473 (15.7) 484 (16.6) 445 (15.7) 349 (15.4) 416(20.9) 282(16.9) 118 (11.4)
>=13 1328 (7.0) 154 (4.7) 185 (6.1) 276 (9.5) 197 (7.0) 125(5.5) 246 (12.4) 95(5.7) 50 (4.8)
Diabetes duration group
[0-5) 8805 (46.4) 1365 (41.7) 1453 (48.1) 1514 (52.0) 1400 (49.5) 782 (34.5) 932(46.9) 812 (48.6) 547 (52.7)
[5-10) 5495 (28.9) 974 (29.8) 873 (28.9) 769 (26.4) 794 (28.1) 750 (33.1) 543 (27.3) 473 (28.3) 319 (30.8)
[10-15) 3309 (17.4) 659 (20.1) 505 (16.7) 458 (15.7) 464 (16.4) 495 (21.8) 356 (17.9) 242 (14.5) 130 (12.5)
>=15 1385(7.3) 274(8.4) 187 (6.2) 172 (5.9) 172 (6.1) 240 (10.6) 156 (7.9) 143 (8.6) 41 (4.0)

Education degree
Eﬂ::fartye“hoomr 5154 (27.1) 900(27.5) 845(28.0) 891 (30.6) 730 (25.8) 704 (31.1) 698 (35.1) 208 (12.5) 178 (17.2)
Junior high school 5859 (30.8) 1061 (32.4) 849 (28.1) 923 (31.7) 950 (33.6) 775(34.2) 584(29.4) 478(28.6) 239 (23.0)
Senior high school 4724 (24.9) 793 (24.2) 741 (24.6) 629 (21.6) 741 (262) 504(222) 422(212) 615(36.8) 279 (26.9)
Junior college 1965 (10.3) 306 (9.3)  371(12.3) 273 (9.4) 262(93)  173(7.6) 162(82) 209(12.5) 209 (20.2)
Bachelor degree or

e 1293 (6.8) 213 (6.5) 212 (7.0) 197 (6.8) 147 (5.2) 111 (4.9) 121 (6.1) 160 (9.6) 132 (12.7)
Current residence

Urban (1632?15? 1941 (59.3) 2218 (73.5) 2145 (73.6) 1598 (56.5) 1490 (65.7) 1313 (66.1) 1450 (86.8) 864 (83.3)
Rural 5976 (31.5) 1332 (40.7) 800 (26.5) 768 (26.4) 1232 (43.5) 777 (34.3) 674 (33.9) 220(13.2) 173 (16.7)
Patient resource

Out-patient clinic 8361 (44.0) 1840 (56.2) 971 (32.2) 1235 (42.4) 1537 (54.3) 1327 (58.5) 921 (46.4) 295 (17.7) 235 (22.7)
In-patient ward (15066?;)‘ 1433 (43.8) 2047 (67.8) 1678 (57.6) 1293 (45.7) 940 (41.5) 1066 (53.6) 1375 (82.3) 802 (77.3)
Out of pocket

<20% 2940 (15.5) 708 (21.6) 324 (10.7) 341 (11.7) 265 (9.4) 328 (14.5) 303 (15.3) 560 (33.5) 111 (10.7)
[20-40)% 7202 (37.9) 934 (28.5) 1230 (40.8) 1373 (47.1) 707 (25.0) 1102 (48.6) 557 (28.1) 723 (43.3) 576 (55.5)
[40-60)% 4276 (22.5) 661 (20.2) 807 (26.7) 556 (19.1) 864 (30.5) 415(18.3) 480 (24.2) 212 (12.7) 281 (27.1)
[60-80)% 2045 (10.8) 449 (13.7) 314 (10.4) 311 (10.7) 349 (12.3) 207 (9.1) 274 (13.8) 93 (5.6) 48 (4.6)
>=80% 2528 (13.3) 521 (15.9) 343 (11.4) 332 (11.4) 645 (22.8) 215(9.5) 369 (18.6) 82 (4.9) 21 (2.0)

BMI group at vl
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Region
Characteristics Total North Ysimgtze Southwest Y?“OW East coast SO Northeast Northwest
Coast River River Coast
<24 8149 (42.9) 1105 (33.8) 1466 (48.6) 1352 (46.4) 1099 (38.8) 1074 (47.4) 1137 (57.3) 493 (29.5) 423 (40.8)
[24-28) 7927 (41.7) 1493 (45.6) 1171 (38.8) 1154 (39.6) 1302 (46.0) 896 (39.5) 662 (33.3) 788 (47.2) 461 (44.5)
>=28 2918 (15.4) 675 (20.6) 381 (12.6) 407 (14.0) 429 (15.2) 297 (13.1) 187(94) 389(23.3) 153 (14.8)
Regular OAD treatment duration group
[0-3) 6998 (36.9) 1147 (35.1) 1131 (37.5) 1179 (40.5) 1104 (39.0) 521(23.0) 730(36.8) 722 (43.2) 464 (44.7)
[3-6) 4373 (23.0) 733 (22.4) 674(22.3) 710(24.4) 657 (23.2) 538 (23.7) 431 (21.7) 372(22.3) 258 (24.9)
[6-9) 2974 (15.7) 520(15.9) 506 (16.8) 410 (14.1) 429 (15.2) 423 (18.7) 303 (15.3) 232(13.9) 151 (14.6)
>=9 4645 (24.5) 871 (26.6) 706 (23.4) 614 (21.1) 640 (22.6) 785(34.6) 521 (26.2) 344 (20.6) 164 (15.8)
Macro complication
No (18651?); 2630 (80.4) 2581 (85.5) 2572 (88.3) 2305 (81.4) 2023 (89.2) 1793(90.2) 1307 (78.3) 926 (89.3)
Yes 2858 (15.0) 643 (19.6) 437 (14.5) 341 (11.7) 525(18.6) 244 (10.8) 194 (9.8) 363 (21.7) 111 (10.7)
Micro complication
No (17352; 2260 (69.0) 2250 (74.6) 2120 (72.8) 2024 (71.5) 1926 (85.0) 1468 (73.9) 858 (51.4) 681 (65.7)
Yes 5408 (28.5) 1013 (31.0) 768 (25.4) 793 (27.2) 806 (28.5) 341 (15.0) 519(26.1) 812 (48.6) 356 (34.3)
Number of OAD at v0
1 8675 (45.7) 1260 (38.5) 1317 (43.6) 1297 (44.5) 1339 (47.3) 840(37.1) 700 (35.2) 1315(78.7) 607 (58.5)
2 8351 (44.0) 1638 (50.0) 1413 (46.8) 1273 (43.7) 1268 (44.8) 1113 (49.1) 929 (46.8) 336 (20.1) 381 (36.7)
>=3 1969 (10.4) 375 (11.5) 288 (9.5) 343 (11.8) 223 (7.9) 314 (13.9) 358 (18.0) 19(1.1) 49 4.7)
Bl type at vl
Glargine (17302?;; 2138 (65.3) 2357 (78.1) 1923 (66.0) 1515 (53.5) 1768 (78.0) 1516 (76.3) 1267 (75.9) 810 (78.1)
Detemir 2385 (12.6) 349 (10.7) 285(9.4) 411 (14.1) 314 (11.1)  210(9.3) 340(17.1) 320(19.2) 156 (15.0)
NPH 3316 (17.5) 786 (24.0) 376 (12.5) 579 (19.9) 1001 (35.4) 289 (12.7) 131(6.6) 83 (5.0) 71 (6.8)
HbAlc, glycated hemoglobin; BMI, body mass index; OADs, oral antidiabetic drugs; BI, basal insulin; NPH, neutral protamine Hagedorn; vO0, visit 0; v1, visit 1.
Table 7. Clinical outcome at month 6 in overall and different subgroups.
. HbAlc reduction (%) Minor hypoglycemia increase (times/person/year) Weight gain (kg)
Group variable N Mean £ SD Mean + SD Mean £ SD
Total 18,995 2.154£2.07 0.68+15.60 0.10+2.94
Regions
North coast 3,273 1.98+1.86 0.78+14.86 0.05+2.87
Yangtze River 3,018 2.49+2.15 1.03+£25.39 -0.13£2.66
Southwest 2,913 2.15+2.19 1.88+14.55 0.45+3.15
Yellow River 2,830 2.24+2.07 0.27+14.39 0.02+3.02
East coast 2,267 1.77+1.84 0.24+8.22 0.42+2.79
South coast 1,987 2.47+2.31 0.92+14.53 0.41+2.80
Northeast 1,670 2.05+2.04 -0.28+7.87 -0.50£3.12
Northwest 1,037 1.87£1.91 -0.20+8.84 0.08+3.22
Hospital level
Secondary 9443 2.25+2.13 0.21+12.21 0.23+2.87
Tertiary 9552 2.04+1.99 1.18+18.53 -0.03£3.01
Age (years)
<40 1277 2.68+2.31 1.04+11.86 -0.38+3.45
[40, 50) 4253 2.21+2.04 0.89+11.00 0.04+3.14
[50, 60) 6541 2.15+2.06 0.78+20.34 0.21+2.81
260 6924 2.01£2.03 0.39+13.20 0.13+2.83
Gender
Male 9968 2.20+2.09 0.94+16.66 -0.00£3.14
Female 9027 2.09+2.04 0.39+14.31 0.23+2.71
Baseline HbAlc (%)
[7,8) 8532 0.91+1.14 0.14+18.82 -0.14+2.80
[9, 11) 6087 2.28+1.42 0.89+12.53 0.07+2.97
[11,13) 3048 3.83+1.74 1.47+12.01 0.53+3.08
213 1328 6.13+2.25 1.58+10.95 0.91+3.17
Diabetes duration (years)
<5 8805 2.47+2.19 0.75+17.13 -0.03£3.07
[5, 10) 5495 1.88+1.89 0.43+13.52 0.15+2.87
[10, 15) 3309 1.91+1.91 0.68+14.72 0.30+2.77
215 1385 1.75+1.97 1.14+14.96 0.31+2.72
Education degree
LR el o 5154 231+2.18 0.61+14.75 0.35+2.87

illiterate
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. HbAlc reduction (%) Minor hypoglycemia increase (times/person/year) Weight gain (kg)
Group variable N Mean £ SD Mean £+ SD Mean £ SD
Junior high school 5859 2.18+2.11 0.91+20.05 0.25+3.02
Senior high school 4724 2.02+1.95 0.53+13.63 -0.08+2.86
Junior college 1965 2.03+1.95 0.79+9.62 -0.24+3.04
Bachelor degree or 1293 2.04+2.00 0.3148.78 0.3142.88
higher
Current residence
Urban 13019 2.02+2.00 0.67+12.26 -0.02+£2.93
Rural 5976 2.42+2.19 0.71+21.09 0.38+2.96
Patient resource
Outpatient clinic 8361 1.88+1.85 0.65+18.90 0.20+2.72
Inpatient ward 10634 2.37+£2.20 0.70+12.28 0.03+3.11
Out of pocket costs (%)
<20 2940 1.96+2.00 0.46+9.59 0.12+2.89
[20, 40) 7202 2.04+1.97 1.02+18.06 -0.05£2.96
[40, 60) 4276 2.33+2.23 0.83+12.98 0.19+3.01
[60, 80) 2045 2.44+2.19 -0.14+16.12 0.17+£3.05
280 2528 2.12+1.95 0.37+17.12 0.34+2.70
BMI (kg/m?2) at v1
<24 8149 2.38+2.21 0.72+12.83 0.93+2.67
[24, 28) 7927 2.00+1.97 0.72+19.16 -0.21£2.79
228 2918 1.90+1.84 0.47+11.09 -1.33£3.32
Regular OAD treatment duration (years)
<3 6998 2.60+2.21 1.00£17.97 -0.05£3.11
[3,6) 4373 1.94+1.99 0.30+13.00 0.13+£2.92
[6,9) 2974 1.87+1.88 0.12+16.57 0.18+2.82
29 4645 1.84+1.90 0.90+13.14 0.26+2.76
Macro complications
No 16137 2.19+2.08 0.85+15.54 0.12+2.95
Yes 2858 1.92+1.98 -0.25+15.88 0.04+2.89
Micro complications
No 13587 2.19+2.06 0.86+15.83 0.12+£2.93
Yes 5408 2.05+2.08 0.23+15.00 0.07+2.97
Number of OADs before v1
1 8675 2.40+2.16 0.73+12.59 -0.00+2.97
2 8351 1.98+1.96 0.57+12.49 0.14+2.88
>3 1969 1.75+1.95 0.90+31.48 0.43+3.06
Bl type at vl
Glargine 13294 2.09+2.01 0.27+11.53 0.06+2.89
Detemir 2385 2.17+2.01 1.77+£26.04 -0.20+2.88
NPH 3316 2.35+2.29 1.45+18.72 0.49+3.13

HbAlc, glycated hemoglobin; BMI, body mass index; OADs, oral antidiabetic drugs; BI, basal insulin; NPH, neutral protamine Hagedorn; vO0, visit 0; v1, visit
1; v3, visit 3; SD, standard deviation.
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