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OBJECTIVE — The aim of this study was to determine patient satisfaction in patients with
type 1 or type 2 diabetes receiving an inhaled insulin or subcutaneous insulin regimen, as
assessed by pooled analysis of two 12-week parent studies and 1-year extension studies.

RESEARCH DESIGN AND METHODS — In the 12-week parent studies, patients with
type 1 (n = 70) or type 2 (n = 51) diabetes were randomized to an inhaled insulin or subcuta-
neous insulin regimen. In the 1-year extension studies, patients were allowed to select either
treatment regimen. Patient satisfaction was assessed at baseline, week 12, and 1 year using the
Patient Satisfaction with Insulin Therapy questionnaire.

RESULTS — Of the 60 patients who received inhaled insulin during the parent studies, 85.0%
(n = 51) chose to continue treatment, 13.3% (n = 8) switched to subcutaneous insulin, and
1.7% (n = 1) did not continue. Of the 61 patients who received subcutaneous insulin, 21.3%
(n = 13) chose to continue treatment, 75.4% (n = 46) switched to inhaled insulin, and 3.3%
(n = 2) did not continue. From baseline (parent studies) to 1 year (extension studies), HbA, .
reductions of 0.8% were sustained, and greater improvements were observed in the inhaled
insulin group compared with the subcutaneous insulin group in terms of overall satisfaction
(37.9 vs. 3.1%; P < 0.01) and ease of use (43.2 vs. —0.9%; P < 0.01).

CONCLUSIONS — Inhaled insulin was preferred over subcutaneous insulin, which re-
sulted in greater patient satisfaction up to 1 year in patients with type 1 or type 2 diabetes with
durable effects on HbA, _ levels.
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ong-term prospective studies have

demonstrated the benefits of long-

term glycemic control in reducing
the risk of secondary complications in
people with type 1 or type 2 diabetes (1-
4).

Individuals with type 2 diabetes

might have a positive attitude toward in-
sulin in terms of efficacy, prevention of
complications, and improved well-being
(1). However, this might be offset by prac-
tical problems of insulin administration,
such as fear of needles, technique, and
general inconvenience (5). Therefore, in-
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sulin use may be postponed for years and
reserved as a last resort after the tradi-
tional stepwise approach of diet, exercise,
and glucose-lowering agents has failed to
produce and maintain adequate glycemic
control.

Advances in insulin delivery, how-
ever, may lead to increased patient and
physician satisfaction and more favorable
outcomes. The clinical development of a
novel, noninvasive, pulmonary dry-
powder insulin delivery system (Exubera)
(being developed by Pfizer and Aventis
Pharmaceuticals in conjunction with
Nektar Therapeutics) shows promise as
an effective, well-tolerated therapy for
type 1 and type 2 diabetes.

Two 12-week clinical studies demon-
strate the efficacy of inhaled insulin in pa-
tients with type 1 or type 2 diabetes (6—
8). In addition, these studies show that
increased patient satisfaction is obtained
with an inhaled insulin regimen com-
pared with a subcutaneous insulin
regimen (8,9). Data indicate that im-
provements in patient satisfaction are
consistently correlated with improve-
ments in glycemic control, raising the
likelihood of increased treatment compli-
ance. We report the 1-year results of pa-
tient satisfaction and preference as well as
effects on HbA, . levels with inhaled insu-
lin (Exubera) compared with a subcuta-
neous insulin regimen in patients with
type 1 or type 2 diabetes.

RESEARCH DESIGN AND

METHODS — Two short-term (12-
week) parent studies were carried out:
subjects with type 1 diabetes (study 1)
and subjects with type 2 diabetes (study
2). For inclusion in the studies, men or
women aged 18-55 years (type 1) or
35-65 years (type 2) had to meet the fol-
lowing entry criteria: prerandomization
HbA,, of 7-12%; fasting plasma C-
peptide =0.2 ng/ml (=0.07 pmol/ml)
(type 1) or =0.6 ng/ml (=0.2 pmol/ml)
(type 2); body weight 80-130% (type 1)
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or 100-175% (type 2) of ideal; and a nor-
mal chest X-ray and pulmonary function
(forced expiratory volume in 1 s, forced
vital capacity, and carbon monoxide dif-
fusing capacity =80% of predicted; total
lung capacity 80-120% of predicted).
Subjects were excluded if they had major
organ system disease, a history of epi-
lepsy, asthma, or other respiratory dis-
eases, two or more serious hypoglycemic
episodes within the previous year, or were
smokers (any smoking within the previ-
ous 6 months).

Efficacy and tolerability of inhaled in-
sulin were assessed in two 12-week,
open-label studies involving subjects
with type 1 or type 2 diabetes (6-8). Fol-
lowing a 4-week lead-in period during
which subjects received their usual sub-
cutaneous insulin regimen of two to three
injections per day, subjects were random-
ized to an inhaled insulin regimen (pre-
meal inhaled insulin plus a single bedtime
subcutaneous injection of Ultralente in-
sulin) or a subcutaneous insulin regimen
(conventional regimen of two to three
subcutaneous injections per day, based
on the subject’s usual split/mixed insulin
regimen). Subjects received instruction
on a weight-maintaining diet and blood
glucose monitoring. Glucose monitoring
instructions for both treatment groups
called for finger-stick measurements a
minimum of four times daily: before
breakfast, lunch, supper, and bedtime.
Insulin administration (inhaled or in-
jected) was to be preceded by a blood glu-
cose check. Identical target glucose levels
were established for both groups, and in-
sulin dosage was adjusted on a weekly
basis if target levels were not achieved.

Subjects who successfully completed
the 12-week parent studies were given the
option to continue long-term open-label
therapy and could choose either treat-
ment regimen (inhaled insulin or subcu-
taneous insulin) for the 1-year extension
studies regardless of the treatment used in
the parent study. Each center’s institu-
tional review board approved the proto-
col, and all subjects gave written informed
consent for the studies.

Treatment administration

Premeal inhaled insulin was delivered in
one to two inhalations. Dry-powder insu-
lin was packaged in blister packs of 1-and
3-mg doses, the equivalent of ~3 and 9
U of subcutaneous insulin, respectively.
During the extension studies, inhaled in-

sulin was dosed before meals; the princi-
pal investigator individualized all other
diabetes therapies.

Assessments

HbA . and pulmonary function tests (spi-
rometry, lung volume, and single-breath
carbon monoxide diffusing capacity)
were assessed every 3 months in the ex-
tension studies. The occurrence of a hy-
poglycemic episode was recorded if any of
the following criteria were met: 1) a typi-
cal clinical picture in the absence of a
blood glucose check but with prompt res-
olution on food intake; 2) a typical clinical
picture with a blood glucose check con-
firming blood glucose <60 mg/dl; and/or
3) any recorded blood glucose <50 mg/
dl. A “severe” hypoglycemic episode was
defined as one requiring the assistance of
another person or involving seizures or
coma. All other episodes were graded as
“mild to moderate.”

Patient satisfaction was a secondary
efficacy outcome. It was assessed using
the Patient Satisfaction with Insulin Ther-
apy (PSIT) questionnaire, which has un-
dergone rigorous empirical development
and a series of successful validations (8—
10). The PSIT questionnaire has one total
score that measures global (overall) satis-
faction and two subscale (domain) scores:
one subscale score on convenience/ease of
use and another subscale score on social
comfort. The PSIT questionnaire is shown
in Cappellerietal. (8,10) and Gerber et al.
).

Statistical analysis

Descriptive statistics were obtained for
clinical and safety measures. For the PSIT
questionnaire, responses to each satisfac-
tion item were analyzed with a higher
score indicating greater satisfaction. All
15-item scores were summed equally to
arrive at scores for overall satisfaction (15
items, range 15-75), ease of use (10
items, range 10-50), and social comfort
(5 items, range 5-25). Data from both
studies were pooled. Mean percentage
changes in satisfaction with treatment
regimens were assessed from the baseline
visit (parent studies) to the 12-week visit
(parent studies) and also to around the
l-year visit in the extension studies.
Changes in satisfaction between and
within treatment regimens were calcu-
lated using linear regression models that
adjusted for the following covariates of
interest: duration of diabetes, sex, race,
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age, and study, as well as changes in
HbA, ., BMI, and fasting plasma glucose.

lo>

RESULTS — Baseline characteristics of
patients in the parent studies are listed in
Table 1.

Clinical outcomes

Glycemic control. At the end of the 12-
week parent studies, the adjusted mean
differences between changes in HbA,,
were similar for both treatment regimens
in patients with type 1 diabetes (inhaled
—0.69%; subcutaneous —0.85%; treat-
ment group difference 0.16 [95% CI
—0.2t00.5]) and type 2 diabetes (inhaled
—0.61%; subcutaneous —0.79%; treat-
ment group difference 0.18 [95% CI
—0.2 to 0.6]) after adjusting for baseline
HbA, . and study center.

Of 118 subjects, 102 completed the
1-year extension. No discernable differ-
ences were seen between dropouts and
completers except mean age (36.4 vs.
44.9 years; P < 0.01) and duration of di-
abetes (9.2 vs. 13.8 years; P = 0.03).

Mean changes in efficacy and safety
variables from baseline (parent studies) to
the 1-year visit (extension studies) are
shown in Table 2. Descriptive analyses at
the end of the 1-year extension show that
HbA,. mean = SD changes were:
—0.78 = 0.87% (inhaled — inhaled, n =
44); —0.72 = 0.71% (subcutaneous —
inhaled, n = 39); —1.06 = 1.09% (sub-
cutaneous — subcutaneous, n = 13); and
—0.37 * 0.75% (inhaled — subcutane-
ous,n = 6).

In subjects with at least 12 months’

exposure to inhaled insulin, hypoglyce-
mic event rates were stable during the
year of observation (crude event rates
3.11 events/subject-month during the
first 3 months; 2.75 events/subject-
month during the 3- to 6-month period;
and 2.52 events/subject-month during
the 6- to 12-month period). Changes in
weight were comparable between treat-
ment groups.
Safety and tolerability. In the parent
studies, mean changes in pulmonary
function tests were small and comparable
between the two treatment groups (6—8).
During the l-year extension studies,
changes in pulmonary function in pa-
tients who received inhaled insulin were
also small and comparable with those pa-
tients receiving subcutaneous insulin.
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Table 1 —Baseline demographic and clinical characteristics

Inhaled Subcutaneous
insulin insulin
Patients with type 1 diabetes

n 35 35
Sex (male/female) 19/16 18/17
Age (years) 354 *9.0 39.8 £8.7
Duration of diabetes (years) 14.6 =93 142 =904
Race/ethnic group

White 29 (83) 27 (77)

Black 1(3) 13)

Hispanic 00 13

Other 5(14) 6 (17)
Weight

Men (kg) 81.1 £11.3 82.2 £ 10.8

Women (kg) 64.6 7.0 64.8 £ 8.6
BMI

Men (kg/m?) 251+27 260*2.6

Women (kg/mz) 24423 247 34
Baseline HbA, . (%) 85*1.2 85=*1.1
Satisfaction scores

Global 529+ 129 52.7 £ 11.2

Ease of use 354 87 354 *01

Social comfort 175 =55 173+ 49

Patients with type 2 diabetes

n 25 26
Sex (male/female) 15/10 15/11
Age (years) 50.6 £ 8.1 529=*75
Duration of diabetes (years) 11277 11565
Race/ethnic group

White 10 (40) 16 (62)

Black 4(16) 3(12)

Other 11 (44) 727
Weight

Men (kg) 05.0x 174 90.1 £158

Women (kg) 80.4 = 11.6 83.9*x92
BMI

Men (kg/m?) 299 = 4.1 283+38

Women (kg/mz) 33.1 %149 32.8 %38
Baseline HbA, . (%)* 87*x14 79 *09
Satisfaction scores

Global 505 £ 11.6 549 £907

Ease of use 353 *+84 38.2 83

Social comfort 153 5.1 168 £ 3.1

Data are means = SD or n (%). *P < 0.05 for mean difference between regimens.

Patient-reported outcomes

Treatment preference. At the end of the
two 12-week parent studies, 60 patients
randomized to inhaled insulin and 61 pa-
tients randomized to subcutaneous insu-
lin were eligible for participation in the
extension studies. Of the 60 patients re-
ceiving inhaled insulin in the parent stud-
ies, 51 (85.0%) chose to continue
treatment, 8 (13.3%) switched to subcu-
taneous insulin, and 1 (1.7%) did not

continue. Of the 61 patients on subcuta-
neous insulin, 13 (21.3%) chose to con-
tinue the same insulin treatment, 46
(75.4%) switched to inhaled insulin, and
2 (3.3%) did not continue.

In total, 75.4% of patients switched
from subcutaneous insulin to inhaled in-
sulin, and 13.3% switched from inhaled
insulin to subcutaneous insulin (McNe-
mar test, P < 0.0001). Significantly more
patients randomized to inhaled insulin

agreed with the statement “I would like to
continue to take insulin the way I took it
during the study” compared with those in
the subcutaneous insulin regimen at the
end of the 12-week parent studies (Wilc-
oxon’s rank-sum test, P < 0.01).
Patient satisfaction: between-group
analysis. Of the 121 patients eligible for
the extension studies, 113 completed the
entire PSIT questionnaire, and 107 had a
complete set of relevant covariates at the
end of the 12-week parent studies. At the
end of the 1-year extension studies, 109
completed the entire PSIT questionnaire,
and 102 had a complete set of relevant
covariates. Of the 102 subjects, 85 were
randomized in the parent study to either
inhaled insulin (n = 45) or subcutaneous
insulin (n = 40) and chose inhaled insu-
lin in the extension study (inhaled — in-
haled, n = 45; subcutaneous — inhaled,
n = 40). The remaining 17 patients were
randomized in the parent study to either
inhaled (n = 8) or subcutaneous (n = 9)
insulin and chose subcutaneous insulin in
the extension studies (inhaled — subcu-
taneous, n = 8; subcutaneous — subcu-
taneous, n = 9).

From the baseline visit in the 12-week
parent studies to the l-year visit in the
extension studies, greater improvements
were observed with inhaled insulin com-
pared with subcutaneous insulin in over-
all satisfaction (37.9 vs. 3.1%; P < 0.01)
and ease of use (43.2 vs. —0.9%; P <
0.01). Estimates of social comfort favored
inhaled insulin compared with subcuta-
neous insulin (39.3 vs. 8.7%; P = 0.11).
Similar results were also observed from
baseline to week 12 of the parent studies.
Patient satisfaction: within-cohort
analysis. Figure 1 provides a longitudi-
nal descriptive profile of each within-
treatment cohort. This figure depicts
within-treatment cohort changes in satis-
faction scores from baseline to week 12.
Also shown are within-treatment cohort
changes in satisfaction scores from base-
line visit in the 12-week parent studies to
1 year in the extension studies for four
cohorts (inhaled — inhaled; subcutane-
ous — inhaled; subcutaneous — subcu-
taneous; inhaled — subcutaneous),
allowing for descriptive comparisons
with changes from baseline to week 12
(parent studies).

As shown in Fig. 1A, patients ran-
domized to inhaled insulin in the parent
studies who continued on inhaled insulin
in the extension studies (n = 45) had
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maintained their overall satisfaction. Pa-
tients randomized to inhaled insulin in
the parent studies who switched to sub-
cutaneous insulin in the extension studies
(n = 8) showed a marked decrease in level
of overall satisfaction. Patients random-
ized to subcutaneous insulin in the parent
studies who continued on subcutaneous
insulin in the extension studies (n = 9)
had an incremental decrease in overall
satisfaction. Similar trends were observed
with ease of use and social comfort (Fig.
1B and C, respectively). Moreover, pa-
tients randomized to subcutaneous insu-
lin in the parent studies who then
switched to inhaled insulin in the exten-
sion studies (n = 40) showed statistically
significant improvements from baseline
in the parent studies to 1 year in the ex-
tension studies in overall satisfaction
(29.9%; P = 0.0007), ease of use (37.8%;
P = 0.0001), and social comfort (30.3%;
P =0.04).

CONCLUSIONS — Resulis of short-
term (12-week) studies indicate that gly-
cemic control achieved with an inhaled
insulin regimen is comparable with a sub-
cutaneous insulin regimen in patients
with type 1 diabetes (7) and type 2 diabe-
tes (6,8). These studies also showed
greater patient satisfaction with inhaled
insulin compared with subcutaneous in-
sulin as well as an association between
glycemic control and patient satisfaction
with treatment (8-10).

Similarly, results of phase III studies
have shown that reducing the number of
injections through treatment with inhaled
insulin greatly enhances patient satisfac-
tion, quality of life, and acceptance of in-
tensive insulin therapy in patients with
type 1 or type 2 diabetes (11,12). More-
over, it has been determined in patients
with type 1 diabetes that improvement in

Figure 1—Adjusted mean percentage im-
provement in overall satisfaction (A), ease of
use (B), and social comfort (C), including four
treatment cohorts from baseline in the parent
studies to 1 year in the extension studies. Re-
sults are adjusted for duration of diabetes, sex,
race, age, and study, as well as for changes in
HDbA, ., BMI, and fasting plasma glucose. Sam-
ple sizes in parent studies from baseline to week
12: n = 60, inhaled insulin regimen (INH);
n = 61, subcutaneous insulin regimen (SC).
Sample sizes from baseline in the parent studies
to 1 year in the extension studies: INH — INH,
n =45;INH—SC,n = 8;SC—INH,n = 40;
SC—>SC,n=09.
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Table 2 —Efficacy and safety variables

Treatment group (parent — extension)

Inhaled — Subcutaneous — Subcutaneous — Inhaled —
inhaled inhaled subcutaneous subcutaneous
HbA, . —0.78 = 0.87 —-0.72 £ 0.71 —1.06 £ 1.09 —-0.37 £ 0.75
n 44 39 13 6
Forced expiratory volume in 1 s (liters) —0.03 +£0.22 —0.05 =£0.16 0.02 £0.35 0.02 = 0.08
n 44 40 13 6
Diffusion capacity (ml * min~ ' - mmHg ™ ") —1.05 £ 4.69 —2.50* 695 —2.53 *482 —1.51 £ 4.68
n 43 39 13 6
Fasting plasma glucose (mg/dl) —10.05 * 89.85 —27.63 £ 77.32 —27.54 £84.33 —6.83 = 128.07
n 44 40 13 6
Weight (kg) —0.24 £ 2.64 1.01 £2.73 0.98 £1.83 0.59 £ 3.02
n 44 40 13 6

Data are means * SD change from baseline (prerandomized) visit in the 12-week parent studies to the planned year 1 visit in the extension studies.

overall patient satisfaction with inhaled
insulin is rapid and sustainable compared
with conventional subcutaneous insulin,
and the reduced treatment burden has a
positive impact on psychological well-
being (13).

In this study, inhaled insulin ap-
peared to be highly acceptable to and pre-
ferred by patients with type 1 or type 2
diabetes. Eighty-five percent of patients
treated with inhaled insulin during the
12-week parent studies chose to continue
treatment during the 1-year extension
studies, whereas only 21.3% of patients
treated with subcutaneous insulin during
the parent studies chose to remain on the
regimen. In addition, patients treated
with subcutaneous insulin for the first 12
weeks who then switched to inhaled in-
sulin during the nonrandomized exten-
sion study (n = 40) showed significant
improvement in satisfaction relative to
baseline. Conversely, patients who chose
to return to subcutaneous insulin after in-
haled insulin in the parent study (n = 8)
and patients who chose to continue on
subcutaneous insulin after the parent
study (n = 9) had lower satisfaction at 1
year in the extension study.

Results from the current investigation
are the first to suggest that the rapid im-
provement in patient satisfaction with in-
haled insulin is sustained, and long-term
improvements in glycemic control and
patient satisfaction are maintained up to
the 1-year follow-up.

In patients with type 1 or type 2 dia-
betes, inhaled insulin is preferred over
subcutaneous insulin, and this results in
improved patient satisfaction in the
longer term (1 year) as well as in the short

term (12 weeks). Inhaled insulin may of-
fer anoninvasive management option that
can help maintain long-term glycemic
control comparable with subcutaneous
insulin while significantly improving pa-
tient satisfaction.
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