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Abstract

Intensification of glycemic control is associated with weight gain, however, less is known about
weight change during the maintenance phase of glycemic management. On the basis of current
models of energy homeostasis, we hypothesize that insulin use will result in less weight gain than
oral antidiabetic agents in patients with well-controlled diabetes. This is a prospective cohort nested
within a randomized control trial at an academic clinic, with enrollment from June 2002 to January
2005. A total of 163 patients with type 2 diabetes were enrolled after obtaining glycemic control.
Insulin use was assessed by self-report at baseline. Participants were weighed at baseline and five
follow-up visits over 24 months. The weight change was compared between insulin users and
noninsulin users. The average (s.d.) age was 55 (11), 44% are female and 21% are black. The median
duration of diabetes was 5 (0.5—10) years. At baseline, 88 participants (54%) reported insulin use
with an average of 69 (6) units/day. Baseline BMI in the insulin users was 35 (6) and 33 (6) in
noninsulin patients. Over 24 months, noninsulin patients gained 2.3 additional kilograms compared
with insulin users (2.8 kg (6.8) vs. 0.5 kg (6.5), P = 0.065). After adjusting for age, race, sex, baseline
weight, intervention status, and change in AL1C, insulin users had 2.5 kg less weight gain than
noninsulin users (P = 0.033). Less weight gain was observed over 24 months in insulin-treated
patients. Whether this effect may be due to central catabolic effects of insulin merits additional
confirmatory study and mechanistic investigation.

INTRODUCTION

Insulin therapy in the treatment of diabetes has been associated with weight gain in both clinical
trials and clinical practice. Weight gain associated with insulin intensification of glycemic
control was noted in the Diabetes Control and Complications Trial, the United Kingdom
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Prospective Diabetes Study, and other studies of either initiation and/or intensification of
insulin therapy (1—4). One commentary from the United Kingdom Prospective Diabetes Study
trial suggested that insulin should not be used as the initial medication in type 2 diabetes due
to excessive weight gain (5). A recent retrospective study showed that patients treated with
insulin gained more weight over 4 years than patients treated with oral agents, however, the
study did not account for glycemic control (6). Patient anticipation of weight gain is a potent
negative reinforcement and, from a medical perspective, weight gain is associated with other
comorbidities such as hypertension and dyslipidemia (7). Weight gain is commonly attributed
to reversal of negative energy balance by halting glycosuria and to intermittent hypoglycemia,
a potent hyperphagic stimulus (8).

Inaseeming contradiction, insulin has long been implicated as an important hormonal mediator
of energy homeostasis (9—13). Insulin, together with the adipose-derived hormone leptin,
functions as adiposity-related negative feedback signals to the central nervous system to
regulate caloric intake and energy expenditure (14—16). Insulin, secreted in direct proportion
to body adiposity, circulates to the brain and activates its receptors found on key homeostatic
neurons in the mediobasal hypothalamus and elsewhere (17,18). In this way, insulin, together
with other metabolic signals, functions to regulate the activity of neural circuits involved in
the control of feeding behavior, energy expenditure, and other aspects of peripheral metabolism
(17,18). Direct central nervous system administration of insulin leads to reduced feeding in
several animal models and an array of molecular genetic studies confirm this role (12,19
—25). Although the precise role of insulin action in the central nervous system in humans is
less well described, insulin is believed to have similar catabolic actions in humans (13,18,
26).

Weight change associated with long-term insulin use in well-controlled diabetes has not been
described. According to the model just described, we hypothesize that in the setting of already
well-controlled diabetes, eliminating the confounding factors of either initiation or
intensification of insulin therapy, insulin use will result in less weight gain than the use of oral
agents. Thus, we enrolled participants after they achieved stable glycemic control and followed
them for 24 months. Weight change patterns were compared between insulin users and
noninsulin users over this period in order to test the hypothesis that well-controlled patients
with type 2 diabetes treated with insulin will have less weight gain compared with similar
metabolically stable patients treated with other agents.

METHODS AND PROCEDURES

This study is a prospective cohort nested within a randomized controlled trial which comprised
participants enrolled in the Glycemic Relapse Prevention Study previously described (27). This
trial enrolled patients from June 2002 to January 2005 and evaluates the effectiveness of a
telephonic intervention to prevent glycemic relapse over 24 months. Participants were recruited
after the completion of a 12-week intensive outpatient diabetes improvement program at an
academic medical center. To be eligible, participants must have type 2 diabetes, have been
referred for uncontrolled diabetes, and achieved glycemic control during the intensive 12-week
program. Patients were excluded if they were <18 or >75 years of age or if they were pregnant.
A total of 165 participants were enrolled. One participant was inappropriately randomized and
is excluded from the analysis. One participant received gastric bypass surgery during the
follow-up period and is excluded from this analysis of weight change. Participant flow through
the cohort study is depicted in Figure 1.

Primary exposure

Insulin used was assessed by self-report at enrollment. The average number of insulin units
per day and shots per day was recorded at baseline and each follow-up period.
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Primary outcome

Weight and height were obtained at enrollment, 3, 6, 12, 18, and 24 months. The majority of
the weights were obtained on a Detecto balance scale (Detecto, Webb City, MO). However,
on rare occasion (<5%), a weight from a clinic visit was substituted for the study visit.

Other measurements

Waist circumference was obtained at enrollment by measuring the horizontal circumference
at the iliac crest. Hemoglobin Alc (A1C) was obtained at baseline and each follow-up time
point in this study. The duration of diabetes was recorded at enrollment. The Center for
Epidemiologic Studies Depression Scale was used to measure depression at baseline (28). Age,
sex, and years of education were collected by self-report at baseline. Participants were asked
to identify their race.

Statistical analysis

Ethics

Demographic and clinical variables were described as mean and standard deviation or median
and interquartiles ranges depending on the distribution of continuous variables. Continuous
variables measured at baseline were compared using Wilcoxon rank sum test between insulin
users and noninsulin users. The change in body weight was calculated by subtracting the
baseline weight from the weight at 24 months. Among 24-month follow-up completers,
Wilcoxon rank sum test was used to compare unadjusted distribution of change in body weight
between insulin users and noninsulin users. In addition, we performed a multiple linear
regression of the difference in weight at 24 months minus baseline and insulin as a factor
adjusted for baseline weight, age, race, sex, intervention status of the randomized controlled
trial, and change in A1C to assess the association of insulin use on the change in weight between
baseline and weight at 24 months. Furthermore, using data of all subjects (N = 163),
multivariable analyses were performed to explore the relationship between patient insulin use
at baseline and rates of weight adjusted for age, sex, race, intervention status of the randomized
controlled trial, and baseline weight. For weight outcome, a linear mixed effects regression
models were used to compare the effect of the insulin use over time on the dependent variables
(atbaseline 3, 6, 12, 18, and 24 months) among all participants. Baseline weight, age, sex, race,
and intervention status of the randomized controlled trial were included as covariates in the
model. Change in A1C from baseline was included for each time point. The effect of the insulin
was assessed by examining the interaction between insulin and follow-up time, which
statistically tests for differences in rates of change between the regression slopes of the weight
over time between the insulin users and noninsulin users (29). The covariance structures of the
dependent variable was evaluated using Akaike Information Criteria and the structure that
provided the best fit for the model was employed in the estimation of statistical significance
(30,31). For all multivariable models, nonlinearity for follow-up time and age was assessed
using restriction cubic splines (32). Regression residuals were examined graphically to assess
normality of the residuals and satisfy regression requirements.

All calculations were performed using R 2.3.1. (R Foundation for Statistical Computing,
Vienna, Austria.)

This study was approved by the Vanderbilt University Institutional Review Board. Consent
was obtained from each patient at enrollment.
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The average (s.d.) age of participants was 55 (11) and 44% were female. Twenty-one percent
of participants were black and the median (interquartile range) duration of diabetes was 5 (0.5
—10) years. Eighty-eight participants (54%) reported insulin use at baseline, the average (s.d.)
number of units was 69 (6) and the average (s.d.) number of units/kg was 0.68 (0.52). The
mean (s.d.) number of shots per day at baseline was 2 (1.5). Baseline BMI (s.d.) in the insulin
users was 35 (6) and in noninsulin users was 33 (6). Baseline characteristics of the study
population are described in Table 1.

At baseline, a longer duration of diabetes was observed among insulin users. Because patients
with diabetes often have disease progression that leads to insulin use, this finding was not
unexpected. Due to collinearity with insulin use, duration of diabetes was not adjusted for in
the statistical models of weight change. Furthermore, duration of diabetes was not associated
with weight change in this study. Likewise, baseline A1C demonstrated collinearity with
insulin use and was also not associated with weight change in this study.

The noninsulin users (oral-medication users) had more years of education. Metformin,
sulfonylurea, and other secre tagogue use was more common in noninsulin users.
Thiazolidinedione use was similar in both insulin and oral users. There was very little use of
exenatide or pramilintide in this study and it did not vary between the groups. There were no
significant differences in age, sex, race, depression scoring on the Center for Epidemiologic
Studies Depression Scale (CESD), baseline waist circumferences, baseline weight, or baseline
BMI between the two groups (Table 1).

The mean weight change from baseline at each follow-up visit by insulin status is shown in
Figure 2 and described in Table 2. In the 144 participants who completed 24 months of follow-
up, oral users gained an average (s.d.) of 2.9 (6.7) kg compared with insulin users who had an
average (s.d.) weight gain of 0.5 (6.5) kg over 24 months (P = 0.064). After adjusting for age,
race, sex, baseline weight, intervention status of the randomized controlled trial and change in
A1C, insulin use was a significant predictor of less weight gain (insulin coefficient = —2.5 kg
(95% confidence interval: —4.7 to —0.20); P = 0.033).

The linear mixed effect adjusted model predicted weight change by insulin status and includes
all weight data available for the 163 participants. The model was adjusted for age, sex, race,
baseline weight, intervention status of the randomized controlled trial and change in A1C at
each time point. Insulin use was associated with less weight gain over time (P value for insulin
and follow-up time interaction = 0.045) (Figure 3).

DISCUSSION

Although insulin is a component of energy homeostatic systems, the clinical use of insulin has
long been associated with weight gain. Many of the clinical studies that have described weight
gain with insulin therapy have not considered the effect of glycemic control on weight gain.
During initiation and intensification of insulin therapy, peripheral anabolic effects,
hypoglycemic bouts or as yet unrecognized mechanisms may contribute to weight gain.
Furthermore, the general population is, on average, gaining weight on a yearly basis and weight
gain would not be unexpected in any cohort of diabetes patients. According to current models,
once initiated and well controlled, the central catabolic effects of insulin should counter the
peripheral anabolic effects in the form of a feedback loop in order to maintain weight stability.
To our knowledge, our findings represent the first large scale demonstration of this effect in
humans that supports these basic science and animal models.
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The weight maintenance observed for insulin users in this study is contrary to the expectations
of many providers and patients who fear that insulin use will lead to continued weight gain and
may avoid insulin use for this reason. Although weight gain is a significant concern during the
initial period of intensification, it is intriguing to consider that the adept long-term use of insulin
may support weight maintenance. New strategies to control initial weight gain and to enhance
weight stability or weight loss over time should be developed. Thus, these findings offer a new,
biologically plausible perspective on the role of insulin and weight change during long-term
management of diabetes.

There are several limitations to this study. This study was nested within a randomized
controlled trial of maintenance diabetes care where some participants had telephonic contact
with study personnel who discussed diet and exercise. We adjusted for intervention status in
our analysis. In addition, there was no difference in weight change in the study arms. The
participants in the study were on a variety of diabetic regimens and the regimens may have
changed during the course of the study. Nonetheless, <5% of the participants changed insulin
status, our primary exposure, over the course of 24 months. This study defines insulin use at
baseline and does not allow for a change in status over the 24 months. The decision was made
to treat insulin use as an intention-to-treat analysis a priori because it may aid clinicians to
know what happens 24 months after achieving stable glycemic control. In addition to insulin
use, there are many other factors that may have influenced weight change. No data were
collected on many of these factors including, but not limited to, diet, physical activity, illness
and other medications that affect weight. In addition, the weight change during the intensive
diabetes improvement program prior to enroliment was not collected nor was the duration of
insulin therapy. Residual confounding remains an important possible limitation of this
prospective cohort study. These results should be confirmed with prospective, randomized
studies.

There are several possible mechanisms that may lead well-controlled type 2 diabetes insulin
users to gain less weight than noninsulin patients. The central catabolic actions of insulin may
lead patients to have reduced caloric intake and to increase their energy expenditure over time.
Alternatively, patients using insulin may have a heightened awareness of their caloric intake.
Many diabetes improvement programs teach skills in calorie and carbohydrate counting, which
are particularly important in meal-time insulin dosing. Patients who use insulin, especially
those who match insulin to carbohydrate intake, may be more apt to monitor their caloric intake
and hence gain less weight. Finally, the skill of the care provider in prescribing and monitoring
insulin therapy with respect to hypoglycemia would also potentially significantly impact
weight gain.

We have demonstrated that well-controlled type 2 individuals gain less weight during the
maintenance phase of their care than type 2 individuals not on insulin independent of change
in AL1C. Future study directions include replication of this study in a different well-controlled
type 2 diabetes population to ensure generalizability. In addition, investigation of the potential
mechanisms of weight maintenance with insulin use in well-controlled type 2 diabetes should
be pursued including monitoring of caloric intake and energy expenditure.
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Figure 1.

Cohort participation flowchart. HbAlc, glycated hemoglobin.
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Weight change over 24 months
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Figure 2.

Weight change over 24 months. Weight change over 24 months by insulin status is shown.

Participant follow-up at each time point is displayed below the x-axis.
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Linear effects model of weight change by insulin status
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Figure 3.

Linear mixed effects model of weight change by insulin status. An interaction between insulin
use and follow-up time as nonlinear parameter was assessed (P = 0.045), model was adjusted
for age, gender, intervention status, race, baseline weight and change in A1C at each time point.
The dashed lines represent 95% confidence intervals.
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Table 1
Baseline patient characteristics
Insulin users (n = 88) Nonusers (n = 75) P value?

Age (years (s.d.)) 56 + 10 54 +11 0.100
Sex

Male (n (%)) 44 (50) 48 (64) 0.072

Female (n (%)) 44 (50) 27 (36)
Race

White (n (%)) 70 (80) 54 (72) 0.241

Black (n (%)) 17 (19) 17 (23)

Other (n (%)) 1(1) 4(5)
Education

Less than 8th grade (n (%)) 0 (0) 1(1) <0.001

8th grade but less than high school (n (%)) 15 (17) 2(3)

High school or GED (n (%)) 21 (24) 19 (25)

Some college (n (%)) 32 (36) 15 (20)

College graduate (n (%)) 16 (18) 18 (24)

Beyond college (n (%)) 4 (5) 20 (27)
AILC (% (+s.d.)) 6.99 + 0.65 6.36 + 0.56 <0.001
Duration of diabetes (years (IQR)) 9 (5-15) 0.6 (0.42-2.50) <0.001
BMI (kg/m? (+s.d.)) 346+72 33.3+65 0.196
Weight (kg (¢s.d.)) 100 + 21 100 + 22 0.913
Waist circumference (cm (s.d.) (n = 159)) 110+ 15 107 £ 29 0.359
Oral medications

Metformin (n (%)) 42 (48) 54 (72) 0.002

Sulfonylureas (n (%)) 25 (28) 40 (53) 0.002

Thiazolidines (n (%)) 11 (12) 9(12) 1.000
CESD (mean (4s.d.) (n = 117)) 11.6+9.1 97472 0.401

CESD, Center for Epidemiologic Studies Depression Scale; GED, General Education Development Test; A1C, glycated hemoglobin. IQR, interquartile

range.

a . . - . .
xz-Test for categorical variables and Wilcoxon test for continuous variables.
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Table 2
Weight and A1C at 24 months

Insulin users (n = 77) Nonusers (n = 72) P value?
Weight at 24 months (kg (+s.d.)) 102 + 20 102 +23 0.665
Weight change over 24 months (kg (£s.d.)) 05+6.5 28+6.8 0.064
A1C at 24 months (% (£s.d.)) 74+12 70+11 0.012
Change in A1C over 24 months (% (s.d.)) 04+1.2 06+1.0 0.055

a . . - . .
xz-Test for categorical variables and Wilcoxon test for continuous variables.
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