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Abstract
Objective  Our objective was to investigate willingness to pay (WTP) for biphasic insulin aspart 30/70 (BIAsp 30) in patients 
with type 2 diabetes mellitus (T2DM) in India.
Methods  A multicenter, prospective, non-interventional, preference study was conducted that assessed WTP for BIAsp 30 in 
an insulin pen (FlexPen® or Penfill® device) in patients in India with T2DM previously treated with biphasic human insulin 
(BHI) in vials and believed to be able to pay for treatment. The primary endpoint was the proportion of patients willing to 
continue to pay for BIAsp 30 after 12 weeks’ treatment. Secondary endpoints included the change from baseline in treatment 
and device satisfaction and patient preferences for treatment attributes as assessed by a nested discrete-choice experiment.
Results  Overall, 54.9% (n = 277/505) of participants were male; the mean age was 56.4 years; diabetes duration was 10.9 
years; 63.8% had a body mass index ≥ 25 kg/m2; > 75% had an annual household income > 150,000 Indian rupees (INR). 
After 12 weeks’ treatment, 96.4% of patients were willing to pay for BIAsp 30. Mean treatment and device satisfaction 
significantly improved from baseline (p < 0.0001). Patients were willing to pay INR3576 (95% confidence interval [CI] 
2755–4398) for improved glycemic control, INR688 (95% CI 383–994) for a device upgrade (vial/syringe to an insulin pen), 
or INR327 (95% CI 95–560) to avoid major hypoglycemia. Patients would need to be compensated INR44 (95% CI 56–32) 
per minor hypoglycemic event.
Conclusions  In India, patients with T2DM previously treated with BHI were willing to pay for BIAsp 30 in an insulin pen. 
Furthermore, treatment and device satisfaction improved after this therapeutic switch.
Trial Registration  ClinicalTrials.gov: NCT03374774.
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supplementary material available at https​://doi.org/10.1007/s4166​
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1  Introduction

While the number of people with diabetes is growing world-
wide, the largest increase is occurring in regions where 
economies are moving from low- to middle-income levels 
[1]. India was estimated to have 72.9 million people with 
diabetes in 2017 and is predicted to lead the world with 
the highest number of people with diabetes in 2045, with 
134.4 million [2]. The majority of these people will have 
type 2 diabetes mellitus (T2DM) [2]. Given the progressive 

nature of T2DM, most people will require insulin therapy to 
achieve and maintain glycemic targets [3]. Premix insulins 
are the most frequently prescribed insulin therapy for T2DM 
in many low- to middle-income regions, including India and 
many parts of Asia, and provide both fasting and post-meal 
glycemic control [4, 5]. Additionally, some people in these 
countries rely on traditional vials and syringes and have not 
adopted the more recently developed delivery devices (such 
as insulin pen-injectors) that are now available [6, 7]. Com-
pared with vials and syringes, insulin pen-injector devices 
are easier to use, less painful, faster to teach, more discrete to 
use in public, and offer superior dosing accuracy, improved 
patient satisfaction, reduced anxiety regarding self-injection, 
and improved confidence in glycemic control [8–12].

Biphasic insulin aspart 30/70 (BIAsp 30) is a premix 
insulin comprising rapid-acting insulin aspart and interme-
diate-acting protamine-crystallized insulin aspart in a 30:70 
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Key Points for Decision Makers 

As patients must self-fund healthcare costs in out-of-
pocket payment markets such as India, it is important 
that prescribers understand the factors influencing patient 
preferences and willingness to pay for a treatment.

In a real-world clinical setting, after 12 weeks’ treatment, 
the vast majority of patients with type 2 diabetes mellitus 
in India who participated in a prospective non-interven-
tional study were willing to pay to switch from biphasic 
human insulin in vials to biphasic insulin aspart 30/70 
in a pen device; overall treatment and device satisfaction 
were significantly improved after this therapeutic switch 
(p < 0.0001).

Furthermore, the most important treatment attributes to 
patients were as follows (in rank order of importance): 
improvement in glycemic control, a device upgrade (vial 
and syringe to an insulin pen), and avoidance of hypo-
glycemia.

in India, and highlighted their preferences for BIAsp 30 
attributes and overall satisfaction with their treatment and 
delivery device.

2 � Methods

2.1 � Indian Healthcare System

Each state in India is required to provide free universal 
access to healthcare services; however, issues with access to, 
and the quality of, public healthcare providers has resulted 
in a dominant private healthcare sector where costs are 
typically paid out of pocket [21]. Out-of-pocket payments 
accounted for 58.7% of total Indian health expenditure in 
2016–2017 [22]. Various public insurance schemes are avail-
able for individuals living below the poverty line, in addition 
to private health insurance schemes with varying levels of 
coverage, cost sharing, and out-of-pocket costs [21].

2.2 � Study Design

This was a 12-week, multicenter, non-interventional, pro-
spective, preference study, assessing WTP for BIAsp 30 in 
an insulin pen (FlexPen®) or insulin pen cartridge (Penfill®) 
device (Novo Nordisk A/S, Denmark) in patients with 
T2DM previously treated with BHI in vials using syringes 
(Clinicaltrials.gov; NCT03374774). Data were collected at 
a baseline visit (defined as the first prescription of BIAsp 
30) and following an observational period of 12 weeks (± 
14 days) (Fig. 1). The primary endpoint was the propor-
tion of participants willing to continue to pay for BIAsp 30 
after 12 weeks’ treatment. It should be noted that WTP was 
defined as being willing to pay a given price (the out-of-
pocket treatment cost; Table 1 in the electronic supplemen-
tary material [ESM]) for BIAsp 30, rather than a measure of 
the maximum amount of money that an individual is willing 
to pay for BIAsp 30 treatment, i.e., it was a relevant meas-
ure of WTP. Secondary endpoints included the change from 
baseline in treatment and device satisfaction, and participant 
preferences for treatment attributes, as assessed by a nested 
DCE.

2.3 � Patients

Patients were recruited at 19 urban and semi-urban sites 
from 15 cities across India representing private clinics, pri-
vate hospitals, and private teaching hospitals (Table 2 in 
the ESM). Sites were selected if they had previous experi-
ence with non-interventional studies, the capacity to con-
duct a clinical study, and previous experience with premix 
insulin prescriptions. A further site selection criterion was 
geographical representation. At the selected sites, a total of 

ratio [13]. Switching from biphasic human insulin (BHI) to 
BIAsp 30 has been shown to reduce postprandial glucose 
excursions, with fewer nocturnal and major hypoglycemic 
episodes [14]. Additionally, whereas BHI must be injected 
30 minutes before a meal, BIAsp can be administered imme-
diately before a meal, or soon after if necessary, giving 
patients flexibility in insulin administration [4]. BIAsp 30 
has a simple dose-titration algorithm, and treatment can be 
intensified from a once-daily dose up to thrice-daily injec-
tions with meals, representing an alternative to basal-bolus 
therapy with fewer daily injections [15].

A key feature of healthcare in low- and middle-income 
countries is that patients often must self-fund healthcare 
costs. Therefore, it is important for prescribers to understand 
the factors that influence patient preferences and willing-
ness to pay (WTP) for a treatment. WTP is a measure of the 
maximum amount of money an individual is willing to pay 
to procure goods or a service [16]. A number of attributes 
can impact a patient’s preference for a treatment, including 
dosage, required frequency, ease of use, side effects, and cost 
[17–19]. WTP can be derived from discrete-choice experi-
ments (DCEs), an approach that assesses the relative impor-
tance of treatment attributes and the patient’s WTP to obtain 
or avoid attributes [17]. WTP analyses via DCEs have been 
applied to a wide range of interventions in different markets, 
including insulin therapy [17, 18, 20].

Limited data are available evaluating patients’ WTP for 
insulin analog treatment in countries with mainly out-of-
pocket payment markets, such as India. This study investi-
gated WTP for BIAsp 30 treatment in patients with T2DM 
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30 physicians who regularly treated patients with T2DM 
participated in the study.

Eligible patients were adults (aged ≥ 18 years) diagnosed 
with T2DM and receiving BHI treatment in vials for ≥ 3 
consecutive months at time of informed consent. Eligible 
patients were selected by their treating physician as likely 
to be able and willing to pay for the BIAsp 30 treatment for 
≥ 12 weeks from baseline. The decision to initiate treat-
ment with BIAsp 30 was made by the patient and physician 
before and independently from study participation. Exclu-
sion criteria were previous treatment with an insulin analog; 
concurrent participation in another clinical trial or study; 
known or suspected hypersensitivity to study product or 
related products; mental incapacity, unwillingness, language 
barriers precluding adequate understanding or cooperation; 
and being unable to read or write. Consecutive patients who 
satisfied the eligibility criteria were invited to participate in 
the study.

2.4 � Assessments

Secondary endpoints were assessed via questionnaires and a 
nested DCE, which were translated into 11 local languages. 
An ability-to-pay questionnaire was used to infer patients’ 
ability to pay for BIAsp 30 treatment and to obtain demo-
graphic and socioeconomic data (Appendix 1 in the ESM). 
Patients’ medical records were accessed by the physician 
or an authorized delegate to collect relevant and available 
data for a physician’s questionnaire to obtain additional 
demographic and clinical data, in addition to the treating 
physician’s reasons for switching the patient to BIAsp 30 
treatment (Appendix 2 in the ESM). A nested DCE assessed 

patients’ WTP [in Indian rupees (INR), year 2018 values] 
and preferences for BIAsp 30 treatment attributes (described 
in detail in the following).

Satisfaction with BIAsp 30 treatment in an insulin pen 
was assessed using the Diabetes Treatment Satisfaction 
Questionnaire (DTSQ) [23], which consisted of eight items: 
six related to treatment satisfaction, and one item each on 
perceived frequency of hyperglycemia and hypoglycemia 
(Appendix 3 in the ESM). Responses were recorded on a 
scale from 0 to 6, where 0 was “very dissatisfied” or “infre-
quently” and 6 was “very satisfied” or “frequently”. The 
six treatment satisfaction items were combined to obtain 
the DTSQ score (maximum of 36). Perceived frequency 
of hyperglycemia and hypoglycemia scores were analyzed 
separately.

Device satisfaction was assessed using the Treatment-
Related Impact Measure for Diabetes Device (TRIM-DD; 
Appendix 4 in the ESM), which consisted of three items 
across two domains (bother, function), and responses were 
scored on a scale from 1 to 5; a higher score indicated a 
less negative impact [24] (Appendix 4 in the ESM). Device 
bother and function domain scores were computed by 
summing across items in the same domain. For the bother 
domain score, responses were inversed for intuitive interpre-
tation such that a higher score indicated less bother. Device 
satisfaction was further assessed using a novel questionnaire 
currently in development—the Diabetes Pen Experience 
Measure (DPEM) questionnaire—which consisted of seven 
items on a 5- or 6-point scale (Appendix 5 in the ESM).

This study did not assess any efficacy or safety endpoints 
outside of mandatory safety reporting (e.g., fatal outcomes 
or serious adverse events).

2.5 � Discrete‑Choice Experiment

The DCE approach uses random utility theory to model 
realistic treatment choices and estimate the relative impor-
tance of the decision-making factors. A DCE approach was 
selected to elicit patients’ preferences for treatment attributes 
in a controlled experimental setting. The DCE followed the 
framework of the International Society for Pharmacoeco-
nomics and Outcomes Research Conjoint Analysis Task 
Force checklist for good research practices [25]. Relevant 
treatment attributes and attribute levels for this study were 
identified through literature reviews, searches of online sci-
entific methodology databases, and consultation with clini-
cians. The following treatment attributes and levels were 
selected as important factors in this study: device (vial/
syringe, insulin pen [complete with pre-filled cartridge], 
pre-filled insulin pen cartridge [for use in an insulin pen]), 
blood glucose control (glycated hemoglobin [HbA1c] < 7%, 
7–9%, > 9%), minor hypoglycemia episodes (0, 4, 12, or 52 
per year), major hypoglycemia episodes (0 or 1 per year), 

Decision to switch to BIAsp is made by patient and treating 
physician, before and independently of study

VISIT 1 (Week 1)

Receives first 
prescription for BIAsp 30 
at discretion of treating 

physician

Completes 
questionnaires: Ability to 

pay questionnaire, 
DTSQs, TRIM-DD, DCE

VISIT 2 (Week 12±14 days)

Assessment of 
treatment status

Completes 
questionnaires: DTSQs, 

TRIM-DD, DPEM

Fig. 1   Study design. BIAsp 30 biphasic insulin aspart 30, DCE dis-
crete-choice experiment, DPEM Diabetes Pen Experience Measure, 
DTSQ Diabetes Treatment Satisfaction Questionnaire, TRIM-DD 
Treatment-Related Impact Measure for Diabetes Device



264	 S. Murthy et al.

dosing flexibility (0 or 30 minutes before a meal), and cost 
(INR0, 225, 650, or 1650). Quantitative and qualitative pilot 
testing were performed to check that the mode of admin-
istration was appropriate, that the treatment attributes and 
levels were relevant to patients with T2DM in India, and that 
participants understood the test and did not find it overly 
burdensome.

The DCE was designed by Ngene ChoiceMetrics (Syd-
ney, Australia), was orthogonal, and was administered using 
pen and paper. Patients were randomly assigned to view one 
block of eight treatment scenarios each, from a total of 24 
unique scenarios. In addition, patients viewed one dominant 
scenario task (whereby all the attribute levels of one treat-
ment scenario were better than the levels of the alternative 
scenario) to determine whether they understood the inter-
pretation of each level (and were excluded from the main 
DCE analysis if they failed this task). In total, each patient 
completed five forced-choice tasks between two treatment 
scenarios each, where patients indicated which treatment 
they would prefer to take (refer to Fig. 2 for an example 
DCE task). While a forced choice may not be a realistic 
treatment scenario, it does force patients to make trade-offs 
and, thus, allows an assessment of the relative importance 
of treatment attributes. To avoid respondent fatigue, treat-
ment scenarios were presented as partial profiles (i.e., each 
choice task involved a subset of the treatment attributes), no 
implausible combinations were included, and patients were 

not allowed to opt out from a task to maximize the informa-
tion obtained on trade-offs [26].

2.6 � Statistical Analysis

A sample size of at least 500 patients was targeted to ensure 
sufficient power, based on a literature search of previous 
methodologies. All analyses, excluding those for the DCE, 
were conducted using the full analysis set (FAS), which 
included all patients who attended the baseline and week-
12 visits within the given time window. Data were summa-
rized descriptively. The primary endpoint—the proportion 
of patients using BIAsp 30 (in an insulin pen device) as 
their primary insulin after 12 weeks—was analyzed using an 
associated Wilson score. Based on the probability of using 
BIAsp 30 at week 12, patients were categorized according 
to those who were willing to pay (WTP) and those who were 
not (not WTP) for BIAsp 30. Data for these groups (WTP/
not WTP) were summarized descriptively and differences 
between groups compared using the chi-squared/Fisher’s 
exact test (categorical variables) or the t-test (continuous 
variables). Scores at baseline and week 12 were compared 
using the Wilcoxon rank sum test for the DTSQ score, the 
raw bother and function domain scores (TRIM-DD), and the 
raw perceived frequency of hypoglycemia and hyperglyce-
mia item scores (TRIM-DD).

DCE results were analyzed using mixed-logit models, 
with the main analysis conducted for patients who passed the 

Fig. 2   Example discrete choice experiment task. HbA1c glycated hemoglobin, INR Indian rupees
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dominant scenario task and a sensitivity analysis conducted 
for the FAS. Attributes were ranked by relative importance 
(the difference between the minimum and maximum coef-
ficients of an attribute divided by the sum of differences 
across all attributes). WTP was calculated using this for-
mula: WTPY = − (dY/− dCost). Where Y is an attribute and 
d represents the utility change due to the change in the attrib-
ute. Subgroup analyses to examine preference heterogeneity 
were not conducted as they were considered out of the scope 
of the present study. To facilitate an international compari-
son, the 2018 exchange rate was INR1 = €0.0124 (calculated 
as the weighted monthly average over the 12-month period) 
[27].

Missing data were not imputed, and the number of miss-
ing data points are reported for each analysis. All tests of 
statistical significance were two sided and assessed at a sig-
nificance level of 5%.

3 � Results

In total, 516 patients were recruited from November 13, 
2017, to March 31, 2018, with final visits up to July 4, 2018. 
Of these, 505 (97.9%) patients completed their week 12 visit 
and were included in the final analysis; 11 patients were 
excluded from the analysis as their week 12 visit was outside 
the 14-day window. After 12 weeks’ treatment, the major-
ity of patients (96.4% [95% CI 94.4–97.7]; n = 487/505) 
used BIAsp 30 as their primary insulin and were WTP for 
treatment.

Patient demographic and ability-to-pay characteristics 
according to WTP status are shown in Table 1 and Table 3 
in the ESM. Among the total study population at baseline, 
54.9% were male; the mean age was 56.4 years; 63.8% of 
patients had a body mass index ≥ 25 kg/m2. Almost half of 
patients (46.1%) had been diagnosed with diabetes for > 10 
years; the mean ± standard deviation (SD) duration of diabe-
tes was 10.9 ± 7.12 years. In addition to BHI, the most com-
monly reported anti-diabetes medications were metformin 
(79.8%), sulfonylureas (61.8%), and dipeptidyl peptidase-4 
inhibitors (38.4%). Comorbidities were reported by > 80% 
of patients, most commonly hypertension, hypercholester-
olemia, neuropathy, kidney disease, and stroke/heart disease 
(Table 1).

The majority (> 80%) of patients resided in an urban area 
and owned their own house. In terms of current work status, 
just under 40% were in paid employment; those not in paid 
employment were either homemakers, retired, unemployed, 
or full-time students. More than three-quarters of patients 
had an annual household income higher than INR150,000, 
and more than one-quarter had an income higher than 
INR340,000. The majority (> 60%) were educated to sen-
ior secondary school level, and almost half of the patients 

had a university qualification. In terms of their children’s 
education, more than half were educated privately, whereas 
approximately 5% of patients did not have children. Half 
of the patients were uninsured, whereas one-quarter had 
private health insurance, one-fifth had public health insur-
ance, and less than 5% had work-related healthcare insurance 
(Table 1). According to WTP status, significant differences 
(p < 0.05) were observed only for patients’ educational 
status, their children’s education, their credit card status, 
and the frequency of family visits to a restaurant (Table 1; 
Table 3 in the ESM).

3.1 � Physicians’ Reasons for Switching Treatment 
and Evaluation of Willingness‑to‑Pay Status

Physicians’ reasons for switching patients from BHI to 
BIAsp 30 are shown in Table 4 in the ESM. The most com-
mon reason, cited by 95.0% of physicians, was to improve 
patients’ blood sugar control. Other reasons cited included 
reducing the risk of hypoglycemia (87.5%), improving flex-
ibility of dosing (57.6%), and/or ease of administration 
(41.0%).

Most physicians (n = 496, 98.2%) believed that their 
patients (who participated in the study) would be “likely” 
or “very likely” to use BIAsp 30 in an insulin pen device as 
their primary insulin and device after 12 weeks’ treatment; 
only seven (1.4%) physicians believed that their patients 
were “unlikely” or “very unlikely” to use the treatment. The 
most common reasons cited for patients being “likely” or 
“very likely” to continue use of BIAsp 30 were a patient’s 
compliance with clinical visits (40.2%), knowledge of their 
family (35.6%) or income (31.7%), and a patient’s history of 
medication compliance (30.9%; Table 5 in the ESM).

3.2 � Discrete‑Choice Experiment

In the DCE analysis, 22.4% of patients (n = 113/505) failed 
the dominant scenario test and were excluded from the main 
analysis. Mixed-logit DCE analysis was used to calculate 
model coefficients representing patients’ preferences for 
different attribute levels, where positive coefficients indi-
cate that the corresponding level is valued above average 
(Table 2). In terms of device, the insulin pen cartridge was 
most preferred (mean 0.36, standard error [SE] 0.07; p < 
0.001) followed by the insulin pen (mean −0.13, SE 0.06; 
p = 0.04) and the vial/syringe (mean −0.23, SE 0.07; p 
< 0.001). HbA1c levels > 9% were least preferred (mean 
−1.72, SE 0.15), followed by HbA1c 7.0–9.0% (mean 0.35; 
SE 0.07), and HbA1c levels < 7% were most preferred (mean 
1.37, SE 0.13; all p < 0.001). A 1% increase in the risk of 
minor hypoglycemia decreased the preference estimate by 
−0.03 (SE 0.00; p < 0.001), whereas increasing the num-
ber of major hypoglycemic episodes from 0 (mean 0.12, SE 
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Table 1   Patient demographics 
and ability-to-pay 
characteristics of the study 
population at baseline according 
to willingness-to-pay status

Characteristic All patients
(N = 505)

WTP
(N = 487)

Not WTP
(N = 18)

P valuea

Age, years 56.4 ± 11.1 56.3 (11.1) 57.3 (10.0) 0.726
Male 277 (54.9) 269 (55.2) 8 (44.4) 0.366
BMI, kg/m2 0.125
 Underweight (< 18) 1 (0.2) 1 (0.2) 0 (0.0)
 Normal (18–< 23) 102 (20.2) 101 (20.7) 1 (5.6)
 Overweight (23–< 25) 80 (15.8) 79 (16.2) 1 (5.6)
 Obese (≥ 25) 322 (63.8) 306 (62.8) 16 (88.8)

Comorbiditiesb

 Hypertension 303 (73.9) 291 (73.3) 12 (92.3) 0.198
 Hypercholesterolemia 112 (27.3) 108 (27.2) 4 (30.8) 0.757
 Neuropathy 51 (12.4) 49 (12.3) 2 (15.4) 0.670
 Kidney disease 50 (12.2) 46 (11.6) 4 (30.8) 0.061
 Stroke or heart disease 50 (12.2) 48 (12.1) 2 (15.4) 0.665
 Eye disease 21 (5.1) 21 (5.3) 0 (0.0) 1.000
 Lung disease 18 (4.4) 17 (4.3) 1 (7.7) 0.477
 Arthritis 5 (1.2) 5 (1.3) 0 (0.0) 1.000
 Depression and/or mental health issues 3 (0.7) 2 (0.5) 1 (7.7) 0.092
 Liver disease 3 (0.7) 2 (0.5) 1 (7.7) 0.092
 Cancer 1 (0.2) 0 (0.0) 1 (7.7) 0.032
 Other chronic conditionsc 79 (19.3) 77 (19.4) 2 (15.4) 1.000
 Missing 95 (18.8) 90 (17.8) 5 (1.0)

Number of family members/household 4.6 ± 2.1 4.5 ± 2.1 5.7 ± 3.7 0.193
Number of children/household 0.549
 0 227 (45.6) 221 (46.0) 6 (33.3)
 1 167 (33.1) 160 (33.3) 7 (38.9)
 ≥ 2 104 (20.7) 99 (20.6) 5 (27.8)
 Missing 7 (1.4) 7 (1.4) 0 (0.0)

Area of residence 1.000
 Urban 415 (82.3) 400 (82.3) 15 (83.3)
 Rural 88 (17.5) 85 (17.5) 3 (16.7)
 Don’t know 1 (0.2) 1 (0.2) 0 (0.0)
 Missing 1 (0.2) 1 (0.2) 0 (0.0)

Number of rooms/household 3.5 ± 1.7 3.5 ± 1.6 3.0 ± 2.3 0.339
Ownership of house 0.267
 Owned 450 (89.8) 432 (89.4) 18 (100.0)
 Rented 50 (10.0) 50 (10.4) 0 (0.0)
 Other 1 (0.2) 1 (0.2) 0 (0.0)
 Missing 4 (0.8) 4 (0.8) 0 (0.0)

Current work status 0.150
 Employer 55 (10.9) 54 (11.1) 1 (5.6)
 Self-employed 135 (26.7) 134 (27.5) 1 (5.6)
 Waged worker 38 (7.5) 37 (7.6) 1 (5.6)
 Unpaid working for family 8 (1.6) 8 (1.6) 0 (0.0)
 Unpaid working for outsider 0 (0.0) 0 (0.0) 0 (0.0)
 Unemployed 14 (2.8) 14 (2.9) 0 (0.0)
 Full-time student 2 (0.4) 2 (0.4) 0 (0.0)
 Homemaker 154 (30.5) 147 (30.2) 7 (38.9)
 Retired 75 (14.9) 69 (14.2) 6 (33.3)
 Disabled 0 (0.0) 0 (0.0) 0 (0.0)
 Others 24 (4.8) 22 (4.5) 2 (11.1)
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0.04) to 1 (mean −0.12, SE 0.04) decreased the preference 
estimate by 0.24 (p = 0.01). In terms of dosing flexibility, 
the ability to administer treatment immediately before a meal 
had a preference estimate of 0.01 (SE 0.04) compared with 
a preference estimate of −0.01 (SE 0.04) for administer-
ing 30 minutes before a meal, although this finding was not 
significant (p = 0.84). The preference estimate decreased 
by 0.09 (SE 0.01) for each INR100 increase in the cost of a 
medication (p < 0.001).

The SDs were significant for most of the attribute levels, 
indicating heterogeneity between patients with regards to 
attribute preferences (Table 2). The SD for dosing flexibility 
was not significant (p = 0.43), so there was no associated 
heterogeneity. On average, per month, patients were WTP 
INR3576 (95% CI 2755–4398) for improved glycemic con-
trol (reducing their HbA1c from > 9.0 to <  7.0%), INR688 
(95% CI 383–994) for a device upgrade (syringe to Penfill®), 
and INR327 (95% CI 95–560) to avoid major hypoglycemia; 
further, patients would need to be compensated INR44 (95% 
CI 56–32) per minor hypoglycemic event (Table 3). DCE 
results from the sensitivity analysis (including all patients 
irrespective of their performance on the dominant scenario 
task) were generally consistent with the main analysis 
(Table 4).

3.3 � Diabetes Treatment Satisfaction Questionnaire

There was a significant improvement from baseline in DTSQ 
score, perceived frequency of hyperglycemia, and perceived 
frequency of hypoglycemia among patients WTP at week 
12 (all p < 0.0001), whereas only change in perceived fre-
quency of hyperglycemia was significant among those not 
WTP at week 12 (Table 5). The increase in DTSQ score at 
week 12 was significantly higher among those WTP than 
those not WTP (p = 0.040), but no difference was observed 
according to WTP status in the perceived frequency of 
hyperglycemia/hypoglycemia (Table 5).

3.4 � Treatment‑Related Impact Measure for Diabetes 
Device

The mean bother domain score significantly (p < 0.0001) 
increased in the overall study population from baseline to 
week 12, with a higher score indicating less bother (Table 6). 
Similarly, the mean function domain score was significantly 
(p < 0.0001) increased in the overall population from base-
line to week 12, with a higher score indicating greater func-
tion. As shown in Table 6, there were no significant differ-
ences in the change in mean domain scores among patient 
groups (WTP/not WTP).

% percentage of total population, BIAsp 30 biphasic insulin aspart 30/70, BMI body mass index, INR 
Indian rupees, n number of patients, N total number of patients, WTP willing to pay
Data are n (%) or mean ± standard deviation. The denominator for calculating the proportion of missing 
data was n = 505
a Patients WTP for BIAsp 30 versus patients not WTP; P values calculated using t-test for continuous vari-
ables and Fisher’s exact test or chi-squared test for categorical variables
b Denominator for percentage calculation is n = 410
c Includes thyroid disorders, anemia, hyperuricemia, dyslipidemia/hyperlipidemia, peripheral vascular dis-
ease, gastrointestinal disorders (gastritis, pancreatitis), diabetic foot/leg ulcer, benign prostatic hyperplasia, 
polycystic ovarian disorder, urticaria, piles, deep vein thrombosis, and vertigo

Table 1   (continued) Characteristic All patients
(N = 505)

WTP
(N = 487)

Not WTP
(N = 18)

P valuea

Annual household income, INR 0.907

 < 150,000 123 (24.8) 118 (24.6) 5 (27.8)

 150,000–340,000 241 (48.5) 233 (48.6) 8 (44.4)

 > 340,000–1,700,000 122 (24.6) 117 (24.4) 5 (27.8)

 > 1,700,000 11 (2.2) 11 (2.3) 0 (0.0)

 Missing 8 (1.6) 8 (1.6) 0 (0.0)
Health insurance status 0.699
 No health insurance 250 (50.1) 240 (49.9) 10 (55.6)
 Public health insurance 102 (20.4) 97 (20.2) 5 (27.8)
 Private health insurance 123 (24.7) 120 (25.0) 3 (16.7)
 Work-related health insurance 24 (4.8) 24 (5.0) 0 (0.0)
 Missing 6 (1.2) 6 (1.2) 0 (0.0)
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3.5 � Diabetes Pen Experience Measure

The DPEM questionnaire was answered by all 505 (100.0%) 
patients at week 12. In terms of learning how to use the 
pen, 56.2% reported no difficulty at all, 40.6% reported little 
to some difficulty, and only 2.2% found it very difficult. In 
terms of ease or difficulty to perform various activities with 
the pen, 51.1–67.8% did not find it difficult at all. Less than 
10% of patients found one or other pen-related activity to be 
very difficult or extremely difficult. Unexpectedly, approxi-
mately 45% responded that the pen helped with letting them 
know when to take their next dose or the amount of the next 
dose. More than half of patients were not at all bothered by 
the needle or pen size, the potential for pen jamming, or 
the steps required to prepare the injection. Approximately 

two-thirds (60.4–65.8%) reported being very confident or 
extremely confident that they were using the pen correctly, 
setting the correct dose on the pen, and that the pen had 
delivered the right dose. Almost half of patients did not find 
it difficult at all to use the pen properly, and 75.1% were, 
overall, very satisfied or extremely satisfied with the pen 
(Table 6 in the ESM).

4 � Discussion

The majority of patients (96.4%) who were switched from 
BHI treatment in syringes/vials to BIAsp 30 in an insulin 
pen by their physician, continued treatment after 12 weeks 
and were WTP for their treatment. This therapeutic switch 

Table 2   Model results for 
mean coefficient and standard 
deviation estimates of study 
attributes for the main analysis 
(n = 392)

Patients who failed the dominant scenario task (n = 113) and one patient who did not answer the dominant 
scenario task were excluded from the main analysis
HbA1c glycated hemoglobin, INR Indian rupees, n number of patients, SD standard deviation, SE standard 
error

Attribute Levels Estimated mean Estimated SD

Coefficient SE P value Coefficient SE P value

Device Vial/syringe − 0.23 0.07 < 0.001 0.70 0.19 < 0.001
Insulin pen − 0.13 0.06 0.04 0.53 0.10 < 0.001
Insulin pen cartridge 0.36 0.07 < 0.001 0.17 0.16 0.29

HbA1c < 7% 1.37 0.13 < 0.001 1.36 0.14 < 0.001
7–9% 0.35 0.07 < 0.001 0.37 0.13 < 0.001
> 9% − 1.72 0.15 < 0.001 1.73 0.20 < 0.001

Minor hypoglycemia Per 1% increase in risk − 0.03 0.00 < 0.001 0.03 0.00 < 0.001
Major hypoglycemia 0 0.12 0.04 0.01 0.42 0.07 < 0.001

1 − 0.12 0.04 0.01 0.42 0.07 < 0.001
Flexibility 0 min before meal 0.01 0.04 0.84 0.12 0.15 0.43

30 min before meal − 0.01 0.04 0.84 0.12 0.15 0.43
Cost Per INR100 increase − 0.09 0.01 < 0.001 0.12 0.01 < 0.001

Table 3   Patients’ willingness 
to pay for each treatment and 
treatment device attribute

CI confidence interval, HbA1c glycated hemoglobin, INR Indian rupees, NR not reported, WTP willingness 
to pay

Attribute Levels WTP in INR (95% CI)

Device Vial/syringe (base) NR
Insulin pen 8.49 (−257.13–274.10)
Insulin pen cartridge 688.42 (382.86–993.97)

HbA1c < 7.0% 3576.33 (2754.71–4397.96)
7.0–9.0% 2313.48 (1739.43–2887.52)
> 9.0% (base) NR

Minor hypoglycemia Per 1% increase in risk −43.78 (−56.06 to −31.51)
Major hypoglycemia 0 327.38 (95.11–559.65)

1 (base) NR
Flexibility 0 min before meal (base) NR

30 min before meal −14.21 (−178.19–206.61)
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was associated with higher treatment satisfaction and diabe-
tes device scores at week 12 compared with scores at base-
line. Furthermore, the treatment attributes that were most 
important to patients were improvement in glycemic control, 
a device upgrade (vial and syringe to Penfill®), and avoid-
ance of major hypoglycemia.

The study population represents relatively affluent 
patients with T2DM receiving treatment in private clinics 
and hospitals across India. Treating physicians switched 
patients to BIAsp 30 for a number of reasons, the most 
common of which were to improve patients’ blood sugar 
control and to reduce the risk of hypoglycemia. Physicians’ 
assessment of the likelihood of study patients continuing 
to use BIAsp 30 was high at 98.2% and attributed to their 
knowledge of their patients’ compliance, family, and income. 
This suggests that physicians in India who prescribe premix 
insulins can precisely predict which patients can afford and 
will pay to upgrade their insulin and device.

In the DCE, patients expressed preferences for differ-
ent treatment and device attributes. The mixed logit model 
showed that patients preferred an insulin pen cartridge over 
an insulin pen but preferred either to a vial/syringe. It is 
perhaps surprising that patients placed a greater value on 
the switch from a vial/syringe to a pre-filled insulin pen 
cartridge (for use in an insulin pen) than the switch to an 
insulin pen (complete with pre-filled insulin pen cartridge). 
However, the authors speculate that the move from a vial/
syringe to an automated delivery device would have had a 
substantial impact on device satisfaction, and this may have 
diminished our ability to distinguish more subtle preferences 
between devices.

Overall, patients were WTP to reduce their HbA1c levels 
and to avoid minor and/or major hypoglycemic episodes, but 
there was significant preference heterogeneity for the major-
ity of attribute levels. In contrast, patients were not WTP for 
dosing flexibility and they did not require compensation for 
insulin to be administered 30 min before a meal rather than 
at the point of eating (0 min before a meal). This finding is 
somewhat surprising as the flexible injection timing relative 
to meal timing with BIAsp 30 provides greater convenience 
and flexibility than BHI and results in significantly greater 
treatment satisfaction and improved quality of life [28, 29], 
and the authors expected flexibility to be an important attrib-
ute from patients’ perspectives. Possible explanations for 
this finding include a relatively low preference for this attrib-
ute in the study population due to consistent and predictable 
meal timings, acceptance of the previous BHI dosing regi-
men, or poor adherence to the recommended injection–meal 
intervals with BHI.

Switching to BIAsp 30 from BHI saw a significant 
improvement in patient-reported outcomes. As observed in 
the DTSQ, the perceived frequency of both hypoglycemia 
and hyperglycemia was improved in the WTP group after 
just 12 weeks of treatment with BIAsp 30. This suggests that 
switching to BIAsp 30 from BHI helps to reduce glycemic 
variability, and this switch in medication could potentially 
help prevent the occurrence of dangerous hypoglycemic 
episodes that can occur as a result of using improved insu-
lin delivery systems. The mean bother domain and func-
tion domain scores of the TRIM-DD were also significantly 
improved from baseline in the overall study population and 
in the subgroups, regardless of WTP status. Results of the 

Table 4   Model results for 
mean coefficient and standard 
deviation estimates of study 
attributes for the sensitivity 
analysis (n = 505)

The sensitivity analysis was conducted for the full analysis set
HbA1c glycated hemoglobin, INR Indian rupees, n number of patients, SD standard deviation, SE standard 
error

Attribute Levels Estimated mean Estimated SD

Coefficient SE P value Coefficient SE P value

Device Vial/syringe − 0.16 0.05 < 0.001 0.49 0.18 0.01
Insulin pen − 0.06 0.05 0.24 0.40 0.07 < 0.001
Insulin pen cartridge 0.22 0.05 < 0.001 0.09 0.16 0.56

HbA1c < 7% 1.01 0.08 < 0.001 1.14 0.09 < 0.001
7–9% 0.26 0.05 < 0.001 0.33 0.09 < 0.001
> 9% − 1.27 0.09 < 0.001 1.47 0.14 < 0.001

Minor hypoglycemia Per 1% increase in risk − 0.02 0.00 < 0.001 0.02 0.00 < 0.001
Major hypoglycemia 0 0.06 0.03 0.07 0.27 0.06 < 0.001

1 − 0.06 0.03 0.07 0.27 0.06 < 0.001
Flexibility 0 min before meal − 0.02 0.03 0.54 0.16 0.07 0.02

30 min before meal 0.02 0.03 0.54 0.16 0.07 0.02
Cost Per INR100 increase − 0.06 0.01 < 0.001 0.09 0.01 < 0.001
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DPEM questionnaire showed that approximately two-thirds 
of patients were very confident or extremely confident using 
the pen, and 75.1% were overall very satisfied or extremely 
satisfied with the pen.

Assessment of WTP has become a key aspect of health-
care research and has been applied to a wide range of inter-
ventions in different markets, although data evaluating WTP 
for insulin therapy are limited [17, 18, 20]. This study has 
a number of strengths. It is the first of its kind to be con-
ducted in India across various cities, representing different 
regions of the country, and reporting WTP for BIAsp 30 in 
a real-world population with T2DM. This study highlights 
the importance of different attributes of insulin therapy and 
injectable devices to patients with T2DM. Given the real-
world nature of this study, the results are generalizable to 
the adult population with T2DM in India who are switched, 
as part of routine private clinical practice, from BHI in vials 
to BIAsp 30 in an insulin pen device, and these patients 
are likely WTP for BIAsp 30 according to their treating 
physician.

This study also has a number of limitations. As the study 
sites were selected based on a non-probability sampling 
technique, findings may not be applicable to other clinic 
types (e.g., clinics catering to a population who might not 
be able to afford BIAsp 30 treatment). There was a recruit-
ment bias in that only patients who were thought to be able 
to pay for treatment were included in the study. However, 
we assume this represents normal clinical practice when 
prescribing a treatment in an out-of-pocket market. This 
recruitment bias is likely to have resulted in a positive WTP 
bias and may have influenced other measures of treatment 
satisfaction after switching. It should also be considered 
that physicians successfully predicted whether patients were 
WTP for BIAsp 30 treatment, but the study does not indicate 
whether physicians are also able to predict those unwilling 
to pay for treatment. Furthermore, data collection reflected 
routine clinical practice rather than mandatory assessments 
at prespecified time points; hence, data for some of the ques-
tionnaires were missing. As this was a non-interventional, 
open-label study, and patients were not randomized, there 
may be potential confounding factors. Thus, study findings, 
such as the improvement in treatment satisfaction, should be 
interpreted cautiously. Furthermore, sparse data bias was an 
issue: since the majority of patients were still using BIAsp 
30 at week 12, there were very few patients in the “not 
WTP” category. Lastly, DCEs are based on several theoreti-
cal assumptions regarding respondents’ decision making that 
may not hold true in real-world settings; for instance, some 
respondents may apply simplified decision-making strategies 
incorporating dominant preferences for one highly valued 
attribute rather than utilizing trade-offs [30].

5 � Conclusion

After 12 weeks’ BIAsp 30 treatment, the vast majority of 
Indian patients with T2DM previously treated with BHI 
continued to pay for an upgraded insulin and an improved 
insulin-delivery device, reported a significant improvement 
in patient-reported outcomes, and were WTP for BIAsp 30 
in an insulin pen. This therapeutic switch was observed to 
improve treatment and device satisfaction. The results of 
this study may help to increase prescribers’ understanding of 
the ability to pay for and WTP for BIAsp 30 among patients 
with T2DM in an out-of-pocket market such as India.
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