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Abstract

Background: Intensive insulin therapy has been associated with weight gain and increased hypoglycemia. In this
pilot study, we determined the effect of optimized insulin therapy on weight gain and frequency of hypogly-
cemia in patients with long-standing type 1 diabetes mellitus.
Methods: Sixteen patients with long-standing type 1 diabetes participated in an interventional clinical trial.
Before any pharmacologic intervention began, diabetes management was optimized by thorough review of
carbohydrate counting and insulin dose adjustment.
Results: Optimizing insulin therapy and carbohydrate counting for 4–6 months decreased the enrollees’ he-
moglobin A1C (�0.7� 0.6%, P¼ 0.0003) without weight gain (�0.6� 2.9 kg, P¼ 0.44) or increased frequency of
hypoglycemia (�0.5� 1.5 events per week, P¼ 0.22). The improved blood glucose control was achieved in most
subjects by lowering their basal or long-acting insulin doses while making compensatory increases in meal-
associated insulin doses.
Conclusions: ‘‘Fine tuning’’ of diabetes management with intensive insulin therapy was accomplished without
inducing weight gain or worsening hypoglycemia. This was achieved by readjusting the ratio of basal to meal-
associated insulin without increasing the total daily insulin dose.

Introduction

For almost 2 decades, the mainstay of treatment for pa-
tients with type 1 diabetes mellitus has been intensive

insulin therapy,1–3 provided with multiple daily injections
(MDI) or the use of continuous subcutaneous insulin infusion
(CSII or insulin pump), and frequent blood glucose mea-
surements with a home glucose monitoring system. Advances
in the pharmacodynamics and pharmacokinetics of the insu-
lin molecule in addition to new devices for the administration
of insulin therapy have allowed treatment regimens to more
closely mimic the physiologic insulin response of healthy in-
dividuals without type 1 diabetes mellitus.

Previous reports about intensifying insulin therapy have
documented increased weight gain, increased insulin doses, and
especially an increased frequency of hypoglycemia.1,4,5 We thus
set out to test whether patients can intensify their insulin treat-
ment without increasing weight and frequency of hypoglycemia
while receiving close support and feedback from the study team.

Research Design and Methods

Patients interested in participating in a type 1 diabetes–
related clinical trial contacted the National Institutes of

Health’s recruitment office. Details regarding the main study
design and primary outcome have been published else-
where.6 The protocol was approved by the institutional re-
view board of the National Institute of Diabetes, Digestive
and Kidney Diseases, and all patients provided written in-
formed consent. Study inclusion criteria included the fol-
lowing: (1) age 18–60 years, (2) positive antibodies (glutamic
acid decarboxylase 65, islet cell antibody 512) and/or a typical
history of type 1 diabetes (childhood onset, immediate and
persistent insulin dependence, positive family history), (3)
body mass index (BMI) between 20 and 30 kg/m2, and (4)
duration of disease �5 years.

Prior to beginning an experimental intervention, subjects
entered an ‘‘optimization period’’ of 4–6 months duration
with the goal of reaching the best achievable diabetes control.
During a screening visit, subjects met with a dietician, who
reviewed knowledge of carbohydrate counting, reading food
labels, and portion sizes. No advice was given regarding
weight management. For the remainder of the optimization
period, subjects did not come to the clinic but engaged in
frequent (in some cases daily) telephone and e-mail contact
with the study team. Subjects performed self-assessment of
blood glucose levels at least seven times daily (before meals
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and 2 h postprandially, at bedtime, and occasionally over-
night) and entered this information into electronic spread-
sheets that were shared with the diabetes team. Insulin dose
adjustments were made per clinician judgment rather than a
strict protocol, with a target blood glucose level of 80–
140 mg/dL. Patients also recorded their carbohydrate in-
take on their spreadsheets but did not keep additional food
records.

Capillary glucose measurements utilized the glucose oxi-
dase method. Hemoglobin A1c (A1C) was determined by
high-performance liquid chromatography (intra-assay coef-
ficient of variation 0.58% for normal A1C and 0.42% for ele-
vated A1C; inter-assay coefficient of variation 1.3% for normal
A1C and 0.93% for elevated A1C).

Data were expressed as mean� SD values. Statistical ana-
lyses were performed with GraphPad Prism version 5.00
for Windows (GraphPad Software, San Diego, CA; www
.graphpad.com). Differences before versus after the optimi-
zation period were tested by paired Student’s t test. Correla-
tions were performed using the Spearman method. A P value
of <0.05 was considered statistically significant.

Results

Twenty individuals (nine men) were enrolled in the study.
Four patients discontinued their participation after beginning
intensified blood glucose management because of fear of hy-
poglycemia (n¼ 1) or psychosocial problems (e.g., divorce).
Baseline characteristics of subjects are shown in Table 1. There
were no clinically or statistically significant differences be-
tween subjects who did or did not complete the study.

The period of optimized insulin administration led to the
following observations: mean A1C decreased from 7.2� 0.9%
to 6.5� 0.7% (P¼ 0.0003), with 14 of 16 subjects showing a
decrease in A1C. In the two subjects whose A1C did not im-
prove, A1C increased from 6.5% to 7% and from 6.2% to 6.4%,
respectively. Subjects with the highest initial A1C showed the
greatest improvements (R2¼ 0.43, P¼ 0.0055). This improve-
ment was achieved by keeping overall insulin doses the same
(D¼�0.03� 0.11 units/kg/day, P¼ 0.34) but reducing basal
insulin doses from 0.34� 0.15 units/kg/day to 0.26� 0.10
units/kg/day (P¼ 0.01) and slightly increasing meal-related
(prandial) insulin doses from 0.25� 0.1 to 0.30� 0.08 units/
kg/day (P¼ 0.07) (Fig. 1A). The ratio of basal to prandial
insulin changed from 1.9� 2.1 (two-thirds basal and one-
third prandial) before the intervention to 1.0� 0.5 (half basal
and half prandial) after the intervention. Dose changes for
individual subjects are shown in Figure 1A. Blood glucose
excursions (SD of the average self-monitored blood glucose
levels during 1 week) were reduced from 68.3� 16.6 mg/dL
to 58.4� 13.5 mg/dL (P¼ 0.03).

Subjects’ weights remained stable (Fig. 1B) (79.9� 12.3 kg
before and 79.3� 11.2 kg after optimization, P¼ 0.44, 95%
confidence interval for weight change �0.97 to 2.1 kg). Three
of the 16 subjects (patients 1, 11, and 12) gained more than 1 kg
(5.4, 4.7, and 1.9 kg, respectively). Weight gain was associated
with increases in prandial insulin dose (R2¼ 0.35, P¼ 0.02)
but not basal insulin dose (R2¼ 0.005, P¼ 0.79). Greater
lowering of A1C was associated with weight loss; however,
this was not statistically significant (R2¼ 0.20, P¼ 0.08).

Moderate to severe hypoglycemia (defined as symptomatic
hypoglycemia or a measured blood glucose <54 mg/dL) did
not occur more frequently (1.5� 1.5 episodes per week before
and 1.0� 1.0 episodes per week after optimization, P¼ 0.22).

Table 1. Baseline Characteristics of Subjects

Completers Dropouts

Number 16 4
Age (years) 38.8� 10.3 (18.1–60.0) 41.7� 15.2 (23–58)
Gender 8 female, 8 male 3 female, 1 male
Hemoglobin

A1c (%)
7.2� 0.9 (5.6–8.9) 7.7� 1.9 (5.7–10.2)

Duration
of diabetes

(years)

20.6� 11.1 (4.1–38.4) 24.1� 9.7 (11.7–33.4)

BMI (kg/m2) 24.4� 3.3 24.0� 3.6
Insulin

delivery
10 CSII, 6 MDI* 4 CSII

Continuous variables are mean� SD (range).
*Two subjects changed from MDI to CSII use during the study.
BMI, body mass index; CSII, continuous subcutaneous insulin

infusion (insulin pump); MDI, multiple daily injections (of insulin).

FIG. 1. Changes in clinical parameters from time of study enrollment to end of optimization period for each subject. (A)
Improved hemoglobin A1c was achieved via redistribution of basal insulin doses (significantly decreased, P¼ 0.01) and
prandial doses (slightly increased, P¼ 0.07). (B) Body weight increased by more than 1 kg in only three subjects.
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Using a more liberal definition of hypoglycemia (blood glu-
cose<70 mg/dL), frequency of hypoglycemia stayed stable at
4.4� 3.6 episodes per week before and 4.4� 3.3 episodes per
week after optimization (P¼ 0.95).

Discussion

For patients with type 1 diabetes, the main goal of intensive
insulin therapy is to improve blood glucose control (reflected
by lower A1C values) because near-normal glycemia has been
shown to positively impact morbidity and mortality. For
many individuals, the ‘‘price’’ of such intensive therapy is
weight gain and increased frequency of hypoglycemia.1,7 In
this small cohort of individuals already receiving intensive
insulin therapy, we found that individualized clinical man-
agement further improved blood glucose control while
avoiding weight gain and more frequent hypoglycemia.

Although this was a small study, given the observed SD,
there was 80% power to detect a mean weight change as small
as 2.1 kg (only 2.6% of the subjects’ initial body weight). In
fact, only two of 16 subjects gained over 2.1 kg, and overall the
cohort lost weight, supporting the idea that intensification of
insulin as performed in this study does not cause weight gain.
Similarly, the study had 80% power to detect an approxima-
tely twofold change in the incidence of hypoglycemia (for
comparison, a threefold difference between conventional vs.
intensive therapy was observed in the Diabetes Control and
Complications Trial1).

A critical point to the success of this study may be that
optimized therapy did not imply increased insulin doses; in-
stead, basal insulin was reduced, carbohydrate counting was
improved, and prandial insulin was increased. The ratio of
basal to prandial insulin decreased from 2:1 to the rec-
ommended ratio of 1:1 after optimization, suggesting that
some subjects may have been underdosing for meals and
compensating with increased basal insulin. Improved carbo-
hydrate counting, resulting in more accurate prandial insulin
dosing, likely also contributed to the improved glycemia
control seen in this cohort. Although most patients with type 1
diabetes are taught carbohydrate counting at the time of di-
agnosis, accuracy likely wanes over time, and many patients
with long-standing diabetes may benefit from re-education in
carbohydrate counting.

Although this study contrasts with findings of older, large-
scale clinical trials such as the Diabetes Control and Compli-
cations Trial, similar observations have been reported. In a
retrospective analysis of 19 patients with long-standing type 1
diabetes who were followed before and after transition from
two to four daily injections of regular and NPH insulin to
CSII, patients had improved blood glucose control, associated
with decreased total daily insulin dose, decreased ratio of
basal to prandial insulin, and no weight gain after 12 or more
months.8 This pattern has frequently been observed when
transitioning from MDI to CSII regimens. In another obser-
vational study, 65 patients transitioning from NPH to MDI
with glargine did not experience weight gain or severe hy-
poglycemia (<40 mg/dL).9

Jacob et al.10 examined the reasons for weight gain with
intensification of insulin treatment in 14 subjects with
poorly controlled type 1 diabetes. After 6 months, A1c de-
creased by 1.7%, and weight increased nonsignificantly by
2.15 kg (five subjects lost weight, and 11 gained weight).

Weight gain was not correlated with change in A1C, gly-
cosuria, resting energy expenditure, activity, appetite, food
intake, or hypoglycemia, and the authors speculated that
insulin’s direct effect on lipogenesis may have mediated
weight gain. Unfortunately, insulin dose changes were not
reported in this study. In our study, weight gain was cor-
related with increases in prandial insulin doses, supporting
the idea of insulin-induced lipogenesis, but despite this the
majority of subjects lost weight.

Although the paradigm of frequent blood glucose moni-
toring and almost daily contact with this study’s research
team will not be practical for most patients and their health-
care teams, the basic principles used in this pilot study apply
to many motivated patients. Individuals with type 1 diabetes
and their care providers should be aware that it is possible to
improve blood glucose control while avoiding weight gain
and worsening hypoglycemia. For many patients, optimizing
insulin management may not involve increases in total daily
insulin dose, but instead redistribution of insulin to the re-
commended 50% basal/50% prandial ratio, with careful at-
tention to accurate insulin dosing for carbohydrate intake.
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