Pathophysiology/Complications
O R I G I N A L

A R T I C L E

Effect of Low-Dose Insulin Treatment on
Body Weight and Physical Development
in Children and Adolescents at Risk for
Type 1 Diabetes
ERINN T. RHODES, MD, MPH1,2
JOSEPH I. WOLFSDORF, MB, BCH1,2
DAVID D. CUTHBERTSON, MS3

HENRY A. FELDMAN, PHD1,2,4
DAVID S. LUDWIG, MD, PHD1,2
THE DPT-1 STUDY GROUP*

OBJECTIVE — Insulin’s role in body weight regulation is controversial. We evaluated the
effect of parenteral insulin on body weight and physical development in children and adolescents
at risk for type 1 diabetes.
RESEARCH DESIGN AND METHODS — We performed a secondary analysis of the
parenteral arm of the Diabetes Prevention Trial–Type 1 Diabetes (DPT-1), a randomized controlled trial of low-dose parenteral insulin (human ultralente insulin at 0.25 units 䡠 kg⫺1 䡠 day⫺1)
in subjects with a ⬎50% 5-year risk of diabetes. Analysis was limited to 100 subjects (55
intervention, 45 closely monitored) aged ⬍19 years at randomization whose weight was followed for at least 2 years by study end after excluding subjects who were noncompliant within
2 years or developed diabetes within 36 months of randomization.
RESULTS — Subjects ranged in age from 4.07 to 18.98 years. There were no significant
differences at randomization between subjects in each group with respect to sex, age, weight,
height, BMI, Tanner stage, or glucose tolerance. We found no differences over 2 years between
the intervention and closely monitored groups in the change in weight (median 6.8 vs. 6.0 kg,
P ⫽ 0.65), height (median 10.7 vs. 10.1 cm, P ⫽ 0.66), BMI (median 0.9 vs. 1.0 kg/m2, P ⫽
0.79), or Tanner stage (median 0 vs. 0, P ⫽ 0.35). Multiple regression showed no effect of insulin
on change in weight (P ⫽ 0.53) or BMI (P ⫽ 0.95) over 2 years after adjustment for relevant
covariates.
CONCLUSIONS — Low-dose insulin treatment for 2 years did not affect the weight, BMI, or
physical development of nondiabetic children and adolescents.
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T

he effect of insulin on body weight
has been the subject of much debate. Peripheral insulin action may
promote weight gain by facilitating storage of metabolic fuels, thereby leading to
hunger and increased caloric intake (2,3).
Weight gain, for example, is a known
complication of exogenous insulin treatment for both type 1 and type 2 diabetes
(4,5). Normal rats treated with exogenous
insulin also demonstrate increased food
intake and weight gain despite only mild
hypoglycemia (6). Insulin’s central action
on appetite regulation, however, strongly
supports an anorectic effect (7). Animal
studies show increased food intake and
weight gain with disruption in the brain
insulin receptor (8) and decreased food
intake and weight loss with intracerebroventricular insulin infusion (9).
Longitudinal observational studies
exploring the relationship between endogenous insulin secretion and sensitivity
(Si) and changes in weight and body composition show inconsistent results (10 –
20). Studies among normal glucose
tolerant Pima Indian adults demonstrated
that both insulin secretion (14) and insulin resistance (15) were negatively associated with weight gain. Higher fasting
insulin was also associated with a decreased likelihood of weight gain among
normal glucose tolerant Hispanic and
non-Hispanic white subjects (16). In contrast, high acute insulin secretion during
an intravenous glucose tolerance test
(IVGTT) predicted weight gain among
normal glucose tolerant offspring of two
type 2 diabetic parents (12). Differences
in length of follow-up, expression of
change in weight, and baseline weight
have been proposed as potential explanations for these conflicting results (12).
Fewer studies have addressed these
issues in children (18 –20), and changes
in insulin resistance associated with puberty further complicate this relationship
(21). Fasting hyperinsulinemia was associated with an increased adjusted rate of
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Figure 1—Identification of eligible subjects. T1DM, type 1 diabetes.

weight gain among nondiabetic Pima Indian children (18) and with an adjusted
increase in body fat in white and AfricanAmerican children (19). However, among
healthy nondiabetic children, the most
insulin-resistant subjects (lowest tertile of
Si) either maintained (girls) or decreased
(boys) their percentage of body fat, assessed by skinfold thickness over 3 years
(20).
Prior studies in this area have methodological limitations including their observational nature, inability to distinguish
between primary and secondary hyperinsulinemia (the latter compensatory to insulin resistance), inability to account for
divergent action of insulin centrally versus peripherally, and, in children, limited
availability of data. The parenteral insulin
arm of the Diabetes Prevention Trial–
Type 1 Diabetes (DPT-1), a randomized
controlled trial of low-dose insulin treatment for prevention of type 1 diabetes in
relatives at high risk (1), afforded a
unique opportunity to evaluate the effect
of exogenous insulin treatment on body
weight and physical development in nondiabetic children and adolescents in an
experimental setting. The primary hypothesis under consideration was that
body weight among children and adolescents receiving low-dose parenteral insulin would differ from that of a closely
monitored group not receiving insulin.
RESEARCH DESIGN AND
METHODS — The study design was a
secondary analysis of data collected in the
parenteral insulin arm of the DPT-1, a
randomized controlled trial of parenteral
insulin for prevention of type 1 diabetes
conducted between 1994 and 2001 (1).
Recruitment of DPT-1 subjects has
been previously described (1). Briefly, 3to 45-year-old first-degree relatives and
3- to 20-year-old second-degree relatives
of patients with type 1 diabetes, who had
islet cell antibody titers ⱖ10 Juvenile Diabetes Foundation units, underwent a
staging procedure including IVGTT and
oral glucose tolerance tests (OGTTs).
Subjects with estimated 5-year risk of
type 1 diabetes ⬎50% were eligible (1).
We limited our study to subjects ⬍19
years old at randomization to focus on
physical development. We also excluded
subjects with ⬍2 years of follow-up because of dropout or study end (21 May
2001), with weight missing at baseline or
2 years, or who were noncompliant
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Table 1—Baseline characteristics of subjects included in the analysis

Sex
Age (years)
Weight (kg)
Weight Z-score
Height (cm)
Height Z-score
BMI (kg/m2)
BMI Z-score
Tanner stage
HOMA-IR
Impaired/indeterminate
glucose tolerance§

n

IG

n

CMG

P

55
55
55
55
54
54
54
54
52
55
55

53% male
10.3 (8.1, 15.0)
32.6 (24.4, 55.1)
0.17 (⫺0.49, 0.69)
141.3 (121.9, 166.4)
0.34 (⫺0.29, 1.04)
17.0 (15.2, 19.7)
0.09 (⫺0.66, 0.43)
1 (1, 4)
1.9 (1.7, 2.6)
27%

45
45
45
45
43
43
43
43
42
45
45

64% male
9.7 (8.4, 11.8)
31.1 (25.7, 42.0)
⫺0.08 (⫺0.62, 0.74)
136.8 (128.7, 151.1)
0.06 (⫺0.55, 0.96)
17.0 (15.4, 19.1)
0.01 (⫺0.60, 0.40)
1 (1, 2)
1.7 (1.3, 2.4)
22%

0.24*
0.33†
0.48‡
0.55†
0.45†
0.20†
0.81‡
0.94†
0.69*
0.05‡
0.56*

Data are medians (25th percentile, 75th percentile) or %. *2 test. †t test. ‡Wilcoxon’s rank-sum test.
§Indeterminate glucose tolerance defined as glucose ⱖ200 mg/dl at 30, 60, or 90 min but fasting plasma
glucose ⬍110 mg/dl and 120-min glucose ⬍140 mg/dl during an OGTT (1).

within 2 years or developed diabetes
within 36 months of randomization
(among subjects with 36 months of follow-up available). The latter exclusion
was intended to limit the impact of early
diabetes on anthropometric measures.
For the intervention group (IG), noncompliance was defined as refusal to take parenteral insulin, and for the closely
monitored group (CMG), as refusal to
participate in all visits or participation in
another diabetes prevention therapy. Figure 1 shows the algorithm to identify eligible subjects.
Protocol
The DPT-1 study protocol has been previously described (1). Subjects in the IG
received twice-daily subcutaneous insulin injections and annual intravenous insulin infusions. Subcutaneous injections
consisted of recombinant human ultralente insulin (Humulin U; Eli Lilly) at
0.25 units 䡠 kg⫺1 䡠 day⫺1 divided twice
daily with adjustment for weight and hypoglycemia. At baseline and every 12
months, subjects also received continuous intravenous infusions of recombinant
human regular insulin (Humulin R; Eli
Lilly) for 4 days at 0.015 units 䡠 kg⫺1 䡠 h⫺1
with adjustments for meals and hypoglycemia. CMG subjects were not treated
with placebo. Subjects had an OGTT at
6-month intervals and either a mixedmeal tolerance test or IVGTT at yearly intervals (1). OGTT results were interpreted
according to American Diabetes Association guidelines (22). Indeterminate glucose tolerance was defined as a blood
glucose ⱖ200 mg/dl at 30, 60, or 90 min
1950

but normal fasting and 120-min glucose
(1). This definition is based on the classification system used by the 1979 National
Diabetes Data Group, which required intermediary glucose measurements during
an OGTT and recognized that abnormalities of glucose homeostasis are a continuum (23,24). We felt these OGTT profiles
reflected some evidence of impairment
and categorized these results together
with impaired glucose tolerance.
Measurements
Anthropometric and physical examination data were collected at participating
sites at 6-month intervals. Weight was
measured in kilograms and height in centimeters. Weight, height, and BMI Zscores were calculated based on data from
the Centers for Disease Control and Prevention (25). Pubertal development was
assigned a Tanner stage from one (prepubertal) to five (adult) (26,27). Glucose
and insulin were measured after an overnight fast. Plasma glucose was measured
by the glucose oxidase method and
plasma insulin by radioimmunoassay. Insulin resistance was assessed using the
homeostasis model assessment of insulin
resistance (HOMA-IR) defined as the
product of fasting glucose (mmol/l) and
fasting insulin (U/ml) divided by 22.5
(28).
Statistical analysis
Analyses were performed using SAS (Version 8.2; SAS Institute, Cary, NC). We did
not perform an intention-to-treat analysis. Primary outcome measures were
change in weight and BMI from 0 to 2

years. Secondary outcome measures were
change in height and Tanner stage from 0
to 2 years.
Averaged insulin dose (units 䡠 kg⫺1 䡠
⫺1
day ) in the IG was defined as the average of doses at the 0-, 6-, 12-, 18-, and
24-month visits. Insulin doses ⬎0.5 units
䡠 kg⫺1 䡠 day⫺1 (n ⫽ 2) were presumed to
be recording errors and were excluded.
Average rate of hypoglycemic events was
defined as the average of interval definite
hypoglycemic events reported at the 6-,
12-, 18-, and 24-month visits.
Data are summarized as a proportion or median (25th percentile, 75th
percentile). We used the 2 test for categorical variables, t test for normally
distributed continuous measures, and
Wilcoxon’s rank-sum test for nonnormally distributed continuous measures. Hierarchical multiple linear
regression models were used to assess
the independent effect of insulin treatment on change in weight and BMI. Residual diagnostics were performed to
confirm the appropriateness of model
assumptions. Tests of significance were
two-tailed with P ⬍ 0.05 considered
significant in all analyses.
RESULTS
Subjects
Out of 339 subjects participating in the
parenteral insulin arm of the DPT-1, 264
were ⬍19 years old at randomization and
approximately evenly split between the
IG and CMG. We further excluded subjects based on the criteria outlined above,
leaving 55 IG subjects and 45 CMG subjects (Fig. 1). Table 1 shows the characteristics of these subjects. Over 2 years, IG
subjects received a median averaged insulin dose of 0.243 (0.236, 0.249) units 䡠
kg⫺1 䡠 day⫺1, and the groups had comparable average rates of hypoglycemic
events (P ⫽ 0.15).
At baseline, there were no significant
differences between included subjects in
the two groups with respect to sex, age,
weight, weight Z-score, height, height Zscore, BMI, BMI Z-score, Tanner stage,
and glucose tolerance (Table 1). Difference in HOMA-IR was of borderline statistical significance (P ⫽ 0.05) with highly
skewed distributions in both groups. Because 93.5% of DPT-1 subjects were nonHispanic white (1), race/ethnicity was not
considered as a covariate.
Among pediatric subjects, there were
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Table 2—Change from 0 to 2 years

⌬Weight (kg)
⌬Weight Z-score†
⌬Height (cm)§
⌬Height Z-score†
⌬BMI (kg/m2)
⌬BMI Z-score†
⌬Tanner stage#

n

IG

n

CMG

55
55
54
54
54
54
51

6.8 (4.8, 10.0)
0.09 (⫺0.29, 0.34)
10.7 (6.8, 14.0)
0.04 (⫺0.26, 0.37)
0.9 (0.1, 1.7)
0.01 (⫺0.29, 0.25)
0 (0, 1)

45
45
43
43
43
43
40

6.0 (5.3, 8.6)
⫺0.07 (⫺0.22, 0.23)
10.1 (7.2, 12.5)
⫺0.04 (⫺0.29, 0.30)
1.0 (0.4, 1.9)
⫺0.02 (⫺0.30, 0.30)
0 (0, 0.5)

P
0.65*
0.40‡
0.66㛳
0.57‡
0.79㛳
0.88‡
0.35**

Data are medians (25th percentile, 75th percentile). *t test with unequal variance. †Z-scores for subjects ⬎20
years of age at 2 years (n ⫽ 5) were calculated using data available for 20-year-olds (25). ‡t test with equal
variance. §Height was used as recorded without adjustment for changes from 0 to 2 years that were negative.
㛳Wilcoxon’s rank-sum test. #Eight subjects had Tanner stage measurement that decreased by 1 from baseline
to 2 years (seven of these were from Tanner stage 5 to Tanner stage 4). These eight measurements of ⫺1 were
reassigned to 0. **2 test.

also no significant differences in sex or
baseline age between individuals included compared with individuals excluded from either group (data not
shown). However, a significantly higher
proportion of excluded subjects in both
groups had impaired/indeterminate glucose tolerance (IG: 47% of excluded vs.
27% of included, P ⫽ 0.02; CMG: 53% of
excluded vs. 22% of included, P ⬍
0.001).
Changes in anthropometric
measures
No significant differences were noted between groups in the change in weight,
weight Z-score, height, height Z-score,
BMI, BMI Z-score, or Tanner stage over 2
years (Table 2). The effect of insulin on
change in weight (0.51 ⫾ 0.81 kg, P ⫽
0.53) and BMI (0.02 ⫾ 0.25 kg/m2, P ⫽

0.95) over 2 years remained nonsignificant when adjusted for relevant covariates
(Table 3). Adjustment for baseline
HOMA-IR did not change the results, and
there were no significant interactions between insulin treatment and baseline glucose tolerance or baseline HOMA-IR (data
not shown). Comparable analyses with
weight and BMI at 2 years as outcomes
adjusted for baseline weight or BMI, respectively, produced similar results (data
not shown).
CONCLUSIONS — We found no significant differences between the change in
weight, BMI, height, or Tanner stage over
2 years in nondiabetic children and adolescents treated with low-dose parenteral
insulin compared with an untreated
closely monitored group. Therefore, we
did not find support for either the conten-

tion that insulin promotes or protects
against weight gain at the low dose used in
this study.
There are several possible explanations for the absence of an observed effect
of insulin on weight and BMI in our study.
First, low-dose insulin administration
may have caused a commensurate reduction in endogenous insulin secretion, resulting in no actual increase in circulating
insulin among IG subjects. This possibility is supported by a comparably low rate
of hypoglycemic events in the two groups.
Second, any increase in circulating insulin in IG subjects may have been insufficient to produce physiological changes at
peripheral sites (causing weight gain
[2,3]) or in the central nervous system
(causing weight loss [7–9]). Third, at the
low insulin dose used in this study, the
central and peripheral effects of insulin
may be mutually offset. Because of the
narrow insulin dose range used in this
study, we could not evaluate a doseresponse relationship. Fourth, IG subjects may have developed compensatory
insulin resistance in response to insulin
administration limiting insulin’s peripheral effects, which might otherwise have
contributed to weight gain. Experimental
studies in healthy human subjects have
demonstrated that chronic insulin infusion under euglycemic conditions can
lead to insulin resistance, as demonstrated by decreased whole-body glucose
disposal (29). The development of insulin
antibodies in the IG, however, may interfere with accurate measurement of insulin

Table 3—Adjusted effect of insulin treatment on change in weight (kg) and change in BMI (kg/m2) from 0 to 2 years
Weight models

BMI models

Model

Covariates

n

⌬Wt ⫾ SE due to
insulin treatment

P*

n

⌬BMI ⫾ SE due to
insulin treatment

P†

1
2

Unadjusted
Model 1 ⫹ sex, baseline age, and
baseline Tanner stage
Model 2 ⫹ baseline BMI
Model 3 ⫹ baseline glucose
tolerance
Model 4 ⫹ ⌬ Tanner stage from
0 to 2 years‡
Model 5 ⫹ average rate of
hypoglycemic events from 0 to
2 years

100
94

0.38 ⫾ 0.86
0.79 ⫾ 0.90

0.66
0.38

97
91

0.04 ⫾ 0.25
0.01 ⫾ 0.26

0.89
0.96

91
91

0.71 ⫾ 0.93
0.85 ⫾ 0.92

0.44
0.36

91
91

0.01 ⫾ 0.26
0.07 ⫾ 0.25

0.98
0.79

88

0.40 ⫾ 0.80

0.61

88

0.002 ⫾ 0.25

0.99

88

0.51 ⫾ 0.81

0.53

88

0.02 ⫾ 0.25

0.95

3
4
5
6

*P value for effect of insulin treatment on change in weight from multiple regression. †P value for effect of insulin treatment on change in BMI from multiple
regression. ‡Eight subjects had Tanner stage that dropped by 1 from baseline to 2 years (seven of these were from Tanner stage 5 to Tanner stage 4). These eight
measurements of ⫺1 were reassigned to 0.

DIABETES CARE, VOLUME 28, NUMBER 8, AUGUST 2005

1951

Insulin treatment and body weight

in this group (30). Because polyethylene
glycol extraction was not performed before assaying plasma insulin concentrations (30), we did not assess change in
insulin levels over time as an indicator of
change in insulin resistance.
To explain the contradictory findings
of prior studies concerning the relationship between insulin resistance and
weight gain in children (18 –20), others
have highlighted potentially relevant differences in the populations studied and
measurements used (20). Such differences should also be considered when
placing our study in the context of other
pediatric studies. DPT-1 subjects were
predominantly non-Hispanic white and
had a high risk of type 1 diabetes. To be
included in the DPT-1, subjects had either a low first-phase insulin response on
an IVGTT on two occasions and/or an abnormal OGTT (1). Indeed, although not
overweight or insulin resistant at baseline,
approximately one-quarter of our subjects had impaired/indeterminate glucose
tolerance, suggesting relative insulin deficiency in some subjects. These characteristics contrast with the study in Pima
Indian children, for example, in which
subjects were, on average, overweight
(relative weight 119 ⫾ 24%) with high
risk of type 2 diabetes, had high fasting
insulin at baseline, and had normal glucose tolerance (18). Our study also assessed change in weight over 2 years, a
shorter interval than some pediatric observational studies (18 –20). How long
subjects treated with low-dose insulin
would need to be followed to see a differential effect on weight is not known.
However, in subjects with type 1 diabetes
participating in the Diabetes Control and
Complications Trial, significantly greater
weight gain in the intensively treated
group was evident within the first year of
therapy (5). We therefore felt that 2 years
may be a sufficient period of observation
for our analysis. The possibility remains
that this may not be the case. Finally, we
used weight and BMI as our primary outcome measures. BMI is considered a valid
approximation of body fatness in pediatric patients (31), although critics note that
it may be affected by changes in lean body
mass as well as fat mass (20,32).
There are several methodological limitations to our study, which merit comment. Although this was a randomized
controlled trial, there was no blinding or
placebo. Had weight and BMI been the
1952

primary end points of the original study,
then an information bias could have been
introduced with this design. However, as
these were not the original focus, such a
bias is unlikely. Based on adjusted analyses, a difference of 2.3 kg in weight and
0.7 kg/m2 in BMI over 2 years would have
been detected with 80% power had it
been present.
We also did not include all randomized subjects in our analysis. However, we
applied the same exclusion criteria to
both the IG and CMG. Among the pediatric subjects, development of diabetes
was the primary reason for further exclusion in both groups, and comparison of
subjects included in each group indicated
no significant differences at baseline. In
each group, included subjects were also of
comparable age and sex to excluded subjects. Both findings suggest that introduction of a selection bias was unlikely.
Missing data were assumed to be missing
at random. While residual confounding
due to unmeasured confounders could
theoretically be present, this is unlikely to
explain our negative findings.
Because early diabetes may influence
anthropometric measures and endogenous insulin, we could not reliably compare baseline weight, height, BMI,
pubertal development, or HOMA-IR between included and excluded subjects because a significant proportion developed
type 1 diabetes within the first 12 months.
However, it does appear that included
subjects in both groups were healthier at
baseline than excluded subjects given the
lower prevalence of impaired/indeterminate glucose tolerance. This suggests that
our findings may not be generalizable to
pediatric subjects with more significant
impairments in glucose homeostasis.
However, the finding that included subjects in the two groups were comparable
with regard to glucose tolerance should
not have biased our conclusions. Finally,
among the 100 included subjects, 17 (9
IG [16%], 8 CMG [18%]) did not have
follow-up between 24 and 36 months.
Theoretically, some of these subjects may
have developed diabetes during this time
and, if so, should have been excluded.
However, after excluding these 17 subjects, there was still no significant effect of
insulin treatment on change in weight
(n ⫽ 83, P ⫽ 0.47) or BMI (n ⫽ 80, P ⫽
0.73) over 2 years in unadjusted models
(as in Table 3, Model 1), suggesting that

their inclusion was also unlikely to have
introduced bias.
This study’s major strength is the
unique experimental design whereby exogenous insulin was administered to nondiabetic subjects who were followed
prospectively for at least 2 years. We found
that low-dose parenteral insulin treatment
for 2 years did not affect body weight or
physical development in nondiabetic children and adolescents at high risk for type 1
diabetes. Future research is needed to validate these findings in other pediatric groups
with different baseline risk characteristics
and in other racial/ethnic groups. Evaluation of whether similar findings with regard
to weight extend to adults in this population
should also be explored.
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