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OBJECTIVE — Effective type 2 diabetes management requires prompt intervention if glyce-
mic control is not achieved by nonpharmacological means. This study investigates whether
inhaled insulin (INH; Exubera) can achieve target glycemic control in patients failing on diet and
exercise.

RESEARCH DESIGN AND METHODS — Datients with suboptimal control on diet and
exercise (HbA,. [A1C] 8-11%) were randomized to 3 months’ treatment with either INH before
meals (n = 76) or rosiglitazone 4 mg twice a day (n = 69), in conjunction with a diet and exercise
regimen. The primary end point was percentage of patients achieving A1C <8.0%.

RESULTS — The INH and rosiglitazone groups had comparable baseline A1C values (9.5 vs.
9.4%, respectively). Significantly more patients achieved A1C <8.0% (83 vs. 58%, adjusted
odds ratio 7.14 [95% CI 2.48-20.58], P = 0.0003), A1C <7.0% (44 vs. 18%, 4.43 [1.94—
10.12]), and A1C <6.5% (28 vs. 7.5% 5.34 [1.83-15.57]) with INH. A1C decrease was greater
with INH (—2.3% vs. —1.4%, adjusted treatment group difference: —0.89% [95% CI —1.23 to
—0.55]) with final mean A1C values of 7.2 and 8.0% for INH and rosiglitazone, respectively.
Hypoglycemia (episodes per subject-month) was higher with INH (0.7 vs. 0.05, risk ratio 14.72
[95% CI 7.51-28.83]), with no severe hypoglycemic episodes. Pulmonary function changes
were small and comparable between groups.

CONCLUSIONS — INH could be an effective therapy for people with type 2 diabetes early
in the course of their disease.

Diabetes Care 28:1922-1928, 2005

From the 'University of Texas Health Science Center, San Antonio, Texas; the *International Diabetes
Center, Minneapolis, Minnesota; the *Pennington Biomedical Research Center, Baton Rouge, Louisiana;
*Mercury Street Medical, Butte, Montana; the >Center for Diabetes and Endocrine Care, University of Miami,
Miami, Florida; ®Atlanta Diabetes Associates, Atlanta, Georgia; and the “Division of Endocrinology, Emory
University School of Medicine, Atlanta, Georgia.

Address correspondence and reprint requests to Ralph A. DeFronzo, University of Texas Health Science
Center, Diabetes Division, 7703 Floyd Curl Dr., San Antonio, TX 78284. E-mail: albarado@uthscsa.edu.

Received for publication 17 December 2004 and accepted in revised form 20 April 2005.

W.T.C. has served on an advisory panel for, has received honoraria from, and has received grant/research
support from Pfizer and Aventis. J.P. has received honoraria and grant/research support from Pfizer. B.W.B.
has received honoraria from Pfizer, sanofi-aventis Group, Lilly, and NovoNordisk and grant/research sup-
port from Pfizer.

Abbreviations: ADA, American Diabetes Association; DL, carbon monoxide diffusing capacity; FEV,
forced expiratory volume in 1 s; FFA, free fatty acid; FPG, fasting plasma glucose; INH, inhaled insulin; PFT,
pulmonary function test; PPG, postprandial plasma glucose; SMBG, self-monitoring blood glucose.

A table elsewhere in this issue shows conventional and Systeme International (SI) units and conversion
factors for many substances.

© 2005 by the American Diabetes Association.

The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby
marked “advertisement” in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.

ffective type 2 diabetes management

requires prompt intervention if the

goals for glycemic control are not
achieved by nonpharmacological means.
In the early stages of type 2 diabetes, rec-
ommended treatment strategies involve
the initiation of oral agent therapy, partic-
ularly metformin or a thiazolidinedione
(.

Correcting insulin deficiency that
manifests itself early in the natural history
of type 2 diabetes (2) represents a poten-
tial strategy for improving glycemic con-
trol. Furthermore, the early use of insulin
therapy may slow the loss of endogenous
insulin secretion (3). Insulin therapy is,
therefore, increasingly being considered
earlier in the treatment cascade (4).

Inhaled insulin (INH; Exubera) is a
rapid-acting, dry-powder insulin delivery
system developed by Pfizer (New York,
NY) and sanofi-aventis Group (Bridge-
water, NJ) in conjunction with Nektar
Therapeutics (San Carlos, CA) (5). Imple-
menting insulin therapy with a noninva-
sive delivery system may encourage
physicians and patients to accept insulin
as an earlier treatment option. This study
was conducted in patients with type 2 di-
abetes suboptimally controlled by diet
and exercise alone (HbA,. [A1C] >8%)
and investigated whether premeal INH
can achieve an A1C <8.0% (6) in signif-
icantly more subjects than rosiglitazone.

RESEARCH DESIGN AND

METHODS — Male and female sub-
jects with type 2 diabetes (n = 402), as
defined by the American Diabetes Associ-
ation (ADA) (7), were screened at 40 cen-
ters in the U.S. Inclusion criteria included
1) =2 months since diagnosis of type 2
diabetes, 2) age 30—80 years, 3) stable
diet and exercise regimens for =2
months, 4) no pharmacological therapy
for diabetes, 5) A1C = 8-11%, 6) fasting
plasma C-peptide =0.2 pmol/ml, 7) BMI
=40 kg/m?, 8) willingness for self-
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monitoring of blood glucose (SMBG), and
9) written informed consent. Exclusion
criteria were 1) poorly controlled asthma,
clinically significant chronic obstructive
pulmonary disease, or other significant
respiratory disease; 2) smoking during
the last 6 months; 3) abnormal screening
chest X-ray, pulmonary function (carbon
monoxide diffusing capacity of the lung
[DL.,] <75%, total lung capacity <80%
or >120%, and forced expiratory volume
in 1 s [FEV,] <70% of predicted); 4) ma-
jor organ system disease other than dia-
betes as determined by history, physical
examination, routine blood tests, and uri-
nalysis; 5) abnormal electrocardiogram;
6) systemic glucocorticoids or other drugs
that affect glucose metabolism; 7) drug or
alcohol abuse; 8) predisposition to severe
hypoglycemia (=2 severe episodes within
the past 6 months); 9) hospitalization or
emergency room visit due to poor dia-
betic control within the past 6 months; or
10) pregnancy, lactation, or planned
pregnancy.

The study was conducted in accor-
dance with the principles of the Declara-
tion of Helsinki, and the protocol was
approved by independent local institu-
tional review boards.

This open-label, parallel-group, mul-
ticenter study consisted of a 4-week
lead-in phase and a 12-week randomized
treatment phase. During the lead-in,
patients received 60 min of dietary in-
struction consistent with ADA recom-
mendations (8) (30% fat, calories
sufficient to maintain ideal body weight)
and were asked to maintain the diet
throughout the study. Patients also were
instructed to perform 30 min of moder-
ate-intensity exercise on at least 3 days per
week, according to ADA guidelines (9).
Dietary counseling was given at weeks —3
and 12, and the importance of diet and
exercise was reinforced during clinic vis-
its. During the lead-in phase, patients also
were instructed in the use of the inhaler
device using empty blisters. Patients were
provided with a new glucose test meter
(Accu-Chek Complete; Roche Diagnos-
tics, Basel, Switzerland) and were asked to
perform SMBG at least four times daily
(just before breakfast, lunch, supper, and
bedtime) for the duration of the study.
Compliance with SMBG was summarized
by percent of glucose monitoring per-
formed (<50%, 50-<75%, or >75%),
calculated as the total glucose monitoring

performed divided by the number of
days which required four-times—daily
monitoring.

Eligible patients were randomized us-
ing a computer-generated scheme to re-
ceive either INH or rosiglitazone.
Blocking by center was used to minimize
the imbalance between the sizes of the
treatment groups. Variable block sizes of
2 and 4 were used in random order to
minimize predictability, and the alloca-
tion ratio within each block was 1:1. Al-
location was performed using interactive
voice response technology.

Subjects were telephoned daily for
SMBG results on at least the first 5 days
after randomization. Clinic visits were
weekly for the first 4 weeks and every
other week for the subsequent 8 weeks.

INH was administered <10 min be-
fore meals and was always preceded by
SMBG. The dry insulin powder was pack-
aged in blister packs of either 1 or 3 mg.
One to two inhalations were administered
per dosing session, with each inhalation
using one blister.

Each patient in the INH group had an
individualized recommended insulin
dose for each of the dosing times. Recom-
mended initial doses were based on each
patient’s weight and on factors such as
meal size, time of day, and recent or an-
ticipated exercise. The target glucose
range was 80-140 mg/dl (4.4-7.8
mmol/l) before meals and 100-160 mg/dl
(5.6-8.9 mmol/l) before bedtime. If the
glucose concentration was outside this
range, patients could decrease or increase
the dose by one inhalation of the 1-mg
strength INH. Similar adjustments could
be considered in anticipation of a smaller-
or larger-than-usual meal, and INH could
be administered on an “as-needed” basis,
if warranted.

Patients assigned to rosiglitazone
(Avandia; GlaxoSmithKline, Middlesex,
U.K.) received 4 mg twice daily (maxi-
mum dosage) and were instructed to
maintain a diet and exercise regimen
identical to that of the INH group. Ros-
iglitazone doses were not adjusted.

The primary efficacy end point was
the percentage of patients achieving an
A1C <8.0% at 12 weeks or at the time of
discontinuation. A1C was measured at
weeks —4, —1,0, 6, and 12. The mean of
week —1 and week 0 A1C values was
taken as the baseline value. Secondary ef-
ficacy end points included changes in the
following parameters: A1C, fasting
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plasma glucose (FPG), 2-h postprandial
plasma glucose (PPG) following a stan-
dardized 16-0z meal comprising 480 kcal
(66 g carbohydrate, 29 g protein, 11 g fat
[Boost; Mead Johnson Nutritionals,
Evansville, IN]) and most recent pre-
breakfast dose of INH (weeks 0 and 12),
body weight (week —4 and every 4
weeks, thereafter), and fasting serum lip-
ids (weeks 0 and 12). Additional second-
ary end points were the percentage of
patients achieving an A1C <7%, as well
as hypoglycemic event rates and severity.
Hypoglycemia was defined as typical
symptoms without glucose measurement
but prompt resolution with food intake,
typical symptoms with glucose concen-
trations <59 mg/dl (<3.3 mmol/l), or
any glucose measurement <50 mg/dl
(<2.8 mmol/l), with or without symp-
toms. Hypoglycemia was defined as se-
vere if the subject had a neurological
symptom, was unable to treat him/herself,
and had either a blood glucose measure-
ment <49 mg/dl (2.8 mmol/l) or the clin-
ical manifestations were reversed by oral
carbohydrates, subcutaneous glucagon,
or intravenous glucose. The percentage of
patients achieving an A1C =6.5% was
added as a post hoc analysis.

Safety was assessed by adverse event
reporting and clinical and laboratory
tests. All observed or reported adverse
events were recorded regardless of the sus-
pected causal relationship to the study med-
ications. These included exacerbations of
the preexisting illness and the emergence of
new manifestations or complications.

Laboratory tests (hematology and
biochemistry, fasting lipid profile, and in-
sulin antibodies) were performed at
screening and at week 12 by a central lab-
oratory (Quintiles Laboratories, Smyrna,
GA). A1C was determined using the Bio-
Rad VARIANT II analyzer (Bio-Rad Labo-
ratories, Hercules, CA) in a central
laboratory compliant with the National
Glycohemoglobin Standardization Pro-
gram. Liver function tests were performed
at screening and at weeks 6 and 12. Phys-
ical examinations were undertaken at
screening and at weeks 0, 4, 8, and 12. An
electrocardiogram was done at screening
and at week 12. Comprehensive pulmo-
nary function tests (PFTs), using methods
certified by the American Thoracic Soci-
ety (10), were performed at weeks —3
and 12.
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Inhaled insulin efficacy in type 2 diabetes

(402 Patients Screened

y

257 Did not meet Eligibility Criteria

76 Inhaled Insufin
75 Treated*

A
4 Discontinuations®
¢ 0 Lack of Efficacy
¢ 1 Subject Defaulted
* 1 AE (Not Treatment Related)
e 1 Other

75 Included in Analysis (ITT)*
71 Completed Study

Statistical analysis

A sample size of 106 subjects per group
was calculated to provide 80% power to
detect at least a 20% difference in re-
sponse rates (proportion of patients
achieving A1C <8.0%) using a two-sided
test at the 5% significance level. A re-
sponse rate of 35% was assumed for the
rosiglitazone group. To account for a pos-
sible 5% drop-out rate, 112 patients per
treatment group were to be enrolled.
However, due to slow enrollment, the
study was halted at 145 patients.

The primary efficacy end point was
analyzed using intention-to-treat data.
The intent-to-treat population was de-
fined as all randomized subjects with a
baseline value and at least one postbase-
line measurement. A logistic regression
model with baseline A1C as a continuous
covariate and grouping variables for cen-
ter and treatment was fitted to the week
12 natural log of the odds of achieving
versus not achieving the treatment goal. If
the week 12 A1C value was not available,
the last available postbaseline value was
carried forward. The odds ratio (OR),
along with its two-tailed 95% CI and as-
sociated P value, was calculated.

Treatment effects on the secondary
parameters were evaluated using an
ANCOVA model with baseline values as
continuous covariates and grouping vari-

145 Randomized

69 Rosiglitazone
68 Treated*

A
5 Discontinuations’
o 1 Lack of Efficacy
¢ 0 Subject Defaulted
e 3 AE (2 Treatment Related)
e 1 Other

A

67 Included in Analysis (ITT)*
63 Completed Study

ables for center and treatment. All hypo-
glycemic events occurring between
randomization and the last active treat-
ment plus 1 day were included in the hy-
poglycemic event rate analyses. The risk
of hypoglycemia was estimated by the
crude hypoglycemic event rate for each
group (the number of episodes reported
per subject-month of treatment for total
episodes and per 100 subject-months for
severe episodes). The risk ratio was esti-
mated using the survival analysis count-
ing process approach for recurrent
events, which only included a term for
treatment.

Treatment group differences (INH —
rosiglitazone) in PFT parameter changes
from baseline were estimated at week 12
using an ANCOVA model. The model in-
cluded terms for treatment and center and
covariates known to have a physiologic
relationship with pulmonary function, in-
cluding baseline PFT, age (years), base-
line height (meters), and sex.

RESULTS — Of the 143 patients en-
rolled in the study, 75 received INH and
68 received rosiglitazone. One subject
from each group was randomized but
never received any study medication. Sev-
enty-one subjects in the INH group and
63 in the rosiglitazone group completed
the study (Fig. 1). The baseline character-

Figure 1—Subject disposition. *One pa-
tient in each group withdrew consent af-
ter randomization but before treatment.
tDiscontinuation from the study by itself
did not exclude a subject from analysis.
#Subjects were excluded from the ITT set
for lack of baseline or postbaseline A1C
values.

istics of subjects were comparable in both
treatment groups and are shown in Table 1.

The proportion of subjects reaching
the study goal of A1C <8% was signifi-
cantly higher in the INH group versus the
rosiglitazone group (82.7 vs. 58.2%, ad-
justed OR 7.14 [95% CI 2.48-20.58],
P = 0.0003) (Fig. 2). Similarly, the pro-
portion of subjects achieving the ADA-
recommended goal of A1C <7% (11)
(44.0 vs. 17.9%, 4.43 [1.94-10.12]) or
the American Association of Clinical En-
docrinologists’ recommended A1C level
of =6.5% (12) (28.0 vs. 7.5%, 5.34
[1.83-15.57]) was higher in the INH
group (Fig. 2). The absolute reduction in
A1C at week 12 was greater in the INH
group (—2.3 vs. —1.4%, adjusted treat-
ment group difference —0.89% [—1.23
to —0.55]) with mean final A1C values of
7.2 and 8.0% for INH and rosiglitazone,
respectively (Fig. 3).

A greater number of hypoglycemic
episodes were reported in the INH group
compared with the rosiglitazone group
(0.7 vs. 0.05 episodes per subject-month,
risk ratio 14.72 [95% CI 7.51-28.83]).
Over the entire study period, a total of
153 hypoglycemic episodes (36 patients)
were reported in the INH group com-
pared with 9 (5 patients) in the rosiglita-
zone group. The highest frequency of
hypoglycemic events experienced with
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Table 1—Baseline characteristics of subjects randomized and treated

INH Rosiglitazone
n 75 68
Age (years) 53.0 = 10.7 (28-76) 54.4 £ 11.0 (29-80)
Sex (M/F) 48/27 31/37
Ethnicity (white/other) (%) 77/23 71/29

C-peptide (pmol/ml) at screening 1.09 = 0.42 (0.36-2.05) 1.11 = 0.41 (0.40-2.15)

BMI (kg/m?) 31.9 = 4.7 20-44) 32.7 + 6.6 (22-48)
Duration of diabetes (years) 4.3 (0.08-22.0) 3.1 (0.01-18.00)
A1C (%) 95+ 1.1 94+ 09
FPG (mg/dl) 208 = 56 199 *+ 50

2-h PPG (mg/dl) 203 + 82 281 £ 71
Total cholesterol (mg/dl) 195.3 = 38.3 199.9 =499
HDL cholesterol (mg/dl) 36.1 £8.7 40.1 = 10.6
LDL cholesterol (mg/dl) 116.3 £ 31.8 1194 £ 29.5
Triglycerides (mg/dl) 224.1 £193.8 194.3 = 147.8

Data are means = SD or means * SD (range), unless otherwise indicated.

INH occurred during meal times, be-
tween 12:00 and 1:00 p.Mm. (13%), 6:00
and 8:00 p.m. (25.3%), or 9:00 and 10:00
p.M. (13.3%); the remaining 49% of cases
spread across all other times. No severe
hypoglycemic episodes were reported in
the study.

Changes from baseline in FPG, mea-
sured on the morning before the stan-
dardized meal, were comparable between
groups (—64 vs. —56 mg/dl [—3.56 vs.
—3.11 mmol/l], respectively; adjusted
treatment group difference: —4 mg/dl
[—0.22 mmol/] [95% CI —18 to 9]). Ab-
solute mean changes from baseline in 2-h
PPG (following the standardized meal)
also were comparable between groups
(=92 vs. =92 mg/dl [—5.11 vs. —5.11
mmol/l], respectively; 4 mg/dl [0.22
mmol/l]; [—18 to 26]). The pre-Sustacal
INH dose was not adjusted for the carbo-
hydrate content of the meal, but instead
subjects took the same INH dose as they
were taking after 24 weeks. Twenty-four—
hour SMBG favored INH in terms of av-
erage daily blood glucose (—76 vs. —69
mg/dl [—4.22 vs. —3.83 mmol/l]; —14
mg/dl [—0.78 mmol/l]; [—25 to —3]).
Most subjects in both treatment groups
performed SMBG at least 75% of the time
(87 and 97% for INH and rosiglitazone
groups, respectively).

Average daily INH doses remained
stable during the study (14.9 mg at week
6 vs. 15.3 mg at week 12). The improve-
ments in glycemic control were accompa-
nied by changes in body weight. The
mean unadjusted change from baseline in
body weight was 1.9 kg for the INH group

and 0.8 kg for the rosiglitazone group (ad-
justed treatment group difference 0.95 kg
[95% CI —0.18 to 2.09]). There was a
large decrease in median serum triglycer-
ide levels compared with baseline in the

A HbA,_ < 8%
100

82.7

80 1

58.2

60 1

401

Patients (%)

201

INH ROS

C HbA,_ <6.5%

Patients (%)

28.0

7.5

INH
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INH group (—35 mg/dl) but not in the
rosiglitazone group (=0 mg/dl). Those
treated with rosiglitazone had increases in
total and LDL cholesterol levels (median
changes +10.5 and +15.0 mg/dl) com-
pared with the INH group (—2.0 and
+4.5 mg/dl). Both groups experienced
small increases in HDL cholesterol (me-
dian changes +4 mg/dl with INH vs. +3
mg/dl with rosiglitazone).

A greater proportion of patients in the
INH group experienced treatment-related
adverse events compared with the rosigli-
tazone group (51 and 22 patients, respec-
tively). Most, however, were of mild to
moderate severity, with the most com-
mon being hypoglycemia. Two treat-
ment-unrelated severe adverse events
were reported in the rosiglitazone group
(one gastric ulcer and one cholecystitis)
and none in the INH group. There were
two discontinuations due to treatment-
related adverse events in the rosiglitazone
group (one headache, peripheral edema,
myalgia, and chest pain; one elevated liver
function tests) and one in the INH group

B HbA,_ < 7%
1001
80 1

)

& 60

= 44.0

Q B

- 179
20 | '

) B B
INH ROS

B

ROS

Figure 2—Percentage of patients achieving target glycemic levels in the inhaled INH and rosigli-
tazone (ROS) groups. Adjusted OR INH-rosiglitazone 7.14 [95% CI 2.48-20.58], P = 0.0003
(A), 443 [1.94-10.12] (B), and 5.34 [1.83-15.57 (O).
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Figure 3—Decline from baseline in A1C throughout the study in the INH and rosiglitazone (ROS)
groups. *INH-rosiglitazone adjusted treatment group difference at week 12 (LOCF [last obser-
vation carried forward]) —0.89 [95% CI —1.23 to —0.55].

(bronchitis). Changes in PFT results were
comparable between treatment groups
(small, nonprogressive, and not statisti-
cally significant versus baseline), and lung
function was generally stable over the
study period. Mean changes from base-
line at week 12 for FEV,; (—=0.016 vs.
—0.001 D), forced vital capacity (0.002 vs.
0.009 1), total lung capacity (0.033
vs. 0.064 1), and DL_, were (—0.973 vs.
—0.829 ml * min~' - mmHg ") for the
INH and rosiglitazone groups, respec-
tively. The adjusted INH-rosiglitazone
difference was —0.016 (95% CI —0.079
to 0.046), —0.006 (—0.088 to 0.076),
—0.030 (—0.213 t0 0.152), and —0.144
(—1.081 to 0.792) for FEV,, forced vital
capacity, total lung capacity, and DL,
respectively. Cough was reported more
frequently in the INH group (8.0 vs.
1.5%) but was generally mild and de-
creased in incidence and prevalence over
the study period. There were no notable
changes in other safety parameters.

At week 12, median insulin antibody
binding in both groups and mean anti-
body binding in the rosiglitazone group
were below the limit of quantitation

(<3% binding). Mean * SD antibody
binding in the INH group was 6.2 =
8.5%. Increases in insulin antibody bind-
ing had no clinical correlates; specifically,
they were not associated with a rise in
A1C or adverse events.

CONCLUSIONS — In the present
study, correcting the defect in early phase
insulin secretion using premeal INH ad-
ministration was effective in achieving de-
fined targets of glycemic control in a group
of type 2 diabetic patients that was subop-
timally controlled on diet and exercise
(83% for A1C <8%, 44% for A1C <7%,
and 28% for A1C =6.5%). To our knowl-
edge, this represents the only demonstra-
tion that ADA goals for glycemic control can
be achieved in many type 2 diabetic patients
using only a rapid-acting insulin.

The study shows that INH mono-
therapy improves glycemic control more
quickly than rosiglitazone, which may
take =18 weeks to achieve peak glucose
lowering activity (13). However, it cannot
be ruled out that a longer study duration
may have resulted in greater glucose low-
ering in the rosiglitazone arm. Further-

more, other preprandial insulins might be
expected to have similar glucose-lowering
properties as INH, although injected pre-
prandial insulin is not commonly used as
initial therapy in patients with type 2 di-
abetes who are suboptimally controlled
on diet and exercise therapy.

It generally is felt that short-acting
insulin controls PPG levels, whereas
long-acting insulin, especially when ad-
ministered at bedtime, reduces FPG con-
centrations (14). However, in the present
study, rapid-acting INH reduced the FPG
concentration by 64 mg/dl. During the
standardized meal, reductions in PPG
concentrations were similar in INH- and
rosiglitazone-treated patients. These re-
sults might appear at odds with the 64%-
greater A1C reduction in the INH group
than the rosiglitazone group. Inability to
observe a greater decrease in PPG during
the standardized meal test in the INH
group may be explained by failure to in-
dividually adjust the insulin dose based
on the amount of carbohydrates and cal-
ories in the meal. INH achieved improve-
ments in average daily blood glucose and
2-h PPG based on an inpatient meal test,
but these changes were similar to those
observed with rosiglitazone.

Thus, the greater reduction in A1C
with INH vs. rosiglitazone (2.3 vs. 1.4%)
despite a similar reduction in FPG sug-
gests an additional effect of INH on daily
outpatient PPG levels. By reducing mean
blood glucose levels, premeal INH may
be sufficient to reduce glucose toxicity
by reducing the activity of glucose-6-
phosphatase, which is the rate-limiting
step in hepatic glucose production (15).
Reduction of postprandial glucose peaks
also could be expected to reduce the con-
centrations of gluconeogenic substrates
such as lactate (16-18), leading to im-
proved suppression of hepatic glucose
output. Moreover, improving postpran-
dial glucose control by ameliorating “glu-
cose toxicity” could lead to improved
insulin secretion (19-20).

Improved glycemic control following
short-acting premeal INH also could re-
sult from amelioration of lipotoxicity
(21,22) that results from the reduction in
plasma free fatty acid (FFA) levels second-
ary to lipolysis inhibition by hyperinsu-
linemia for 5-6 h after each meal.
Chronic reduction in plasma FFA levels
reduces the elevated rates of basal/
postprandial hepatic glucose production,
augments muscle insulin sensitivity, and
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improves B-cell function (21). Although
FFA concentrations were not measured in
this study, substantial lowering of triglyc-
eride levels was observed in the INH
group, consistent with improved glucose
control and most likely a decrease in
plasma FFA. Insulin is also known to in-
hibit hepatic VLDL-triglyceride synthesis
(23). Tt is well recognized that type 2 di-
abetes is associated with dyslipidemia,
characterized by elevated triglyceride lev-
els and decreased levels of HDL choles-
terol, which contribute to an increased
cardiovascular risk observed in this pa-
tient population (24). The large median
decrease in triglyceride levels (—35 mg/
dl) concomitant with improved glycemic
control observed with INH may be asso-
ciated with a reduction in risk of cardio-
vascular complications in patients with
type 2 diabetes. During the study, there
was a slight imbalance on concomitant
lipid-lowering medication usage between
the two groups. In the INH group, 6 sub-
jects used a fibrate and 10 subjects used
hydroxymethylglutaryl CoA inhibitors,
whereas in the rosiglitazone group, 1 sub-
ject used a fibrate and 13 subjects used
hydroxymethylglutaryl CoA inhibitors.
Inhaled insulin was well tolerated by
type 2 diabetic patients in this study. All
treatment-related adverse events with
INH were of mild to moderate severity,
with the most common being hypoglyce-
mia (events-per-subject—-month were 0.7
for the INH group and 0.05 for the ros-
iglitazone group) and mild cough (6 of 75
patients receiving INH reported cough
compared with 1 of 68 patients treated
with rosiglitazone). No episodes of severe
hypoglycemia were reported by any pa-
tient in the INH group. There was a small
increase of insulin antibody levels associ-
ated with inhaled insulin, but there were
no obvious clinical or other laboratory se-
quelae associated with this phenomenon.
Changes in PFT parameters were not dif-
ferent between groups over the study
period. Early studies with INH demon-
strated very small reductions in FEV, and
DL, versus comparator therapy. Contin-
ued INH therapy for up to 2 years shows
that the differences in PFTs between the
two treatment groups are not progressive
(25). Additional studies are currently un-
derway to further confirm these finding-
s.This indicates that INH, as initial
monotherapy, could be a safe and effec-
tive therapy for people with type 2 diabe-

tes who do not achieve adequate glycemic
control through diet and exercise alone.
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