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Abstract

Background—Youth with type 1 diabetes (T1D) are at risk for weight gain due to the epidemic
of childhood overweight/obesity and common use of intensive insulin therapy; the latter resulted
in weight gain in the Diabetes Control and Complications Trial.

Objective—To assess overweight/obesity prevalence and intensive insulin therapy use in youth
with T1D over a decade and identify factors associated with weight status and glycemic control.

Methods—We obtained cross-sectional data from four unique cohorts (1999, 2002, 2006, 2009).
Youth (N= 507, 49% male) were 8-16 years old with T1D duration =6 months, Alc 6.0-12.0%
(42-108 mmol/mol), and daily insulin dose =0.5 u/kg.

Results—Across cohorts, age, BMI percentile, and Alc ranged from 12.0+2.2 to 12.8+2.3 years,
70+22 to 72421, and 8.3+£1.0 (67£11) to 8.5+1.1% (6912 mmol/mol), respectively. Intensive
insulin therapy use increased from 52% to 97% (p<.001) between 1999 and 2009. However,
prevalence of overweight/obesity remained similar, 27% (1999), 36% (2002), 33% (2006), and
31% (2009) (p=.54), as did z-BMI. In multivariate analysis, higher Alc was related to higher
insulin dose (p<.01), less frequent blood glucose monitoring (p<.001), and non-white race (p<.
001); Alc was not related to z-BMI, intensive insulin therapy, or cohort. z-BMI was related to
insulin dose (p<.005) but not intensive insulin therapy or cohort.
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Conclusions—Despite near-universal implementation of intensive insulin therapy, overweight/
obesity prevalence in youth with T1D remained stable over a decade, similar to the general
pediatric population. However, Alc remained suboptimal, underscoring the need to optimize T1D
treatment to reduce future complication risk.
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Introduction

Methods

Intensive insulin therapy, defined as multiple daily injections or insulin pump therapy
coupled with frequent blood glucose (BG) monitoring, has become the standard of care for
the management of type 1 diabetes (T1D) since the Diabetes Control and Complications
Trial (DCCT). The DCCT, its long-term observational follow-up, the Epidemiology of
Diabetes Interventions and Complications (EDIC) Study (1;2), and other studies such as the
Pittsburgh Epidemiology of Diabetes Complications (EDC) study (3), have demonstrated
reduced occurrence of complications such as proliferative retinopathy, nephropathy, and
cardiovascular disease in patients with T1D receiving intensive insulin therapy. Despite the
beneficial outcomes in the DCCT, adults receiving intensive insulin therapy experienced a
threefold higher rate of severe hypoglycemia and gained an average of 5 kg more than adults
receiving conventional therapy (1;4). The availability of newer insulin analogues since 1996
has substantially reduced the occurrence of severe hypoglycemia associated with intensive
insulin therapy (5-7), but the impact of intensive insulin therapy on weight gain needs
additional study, especially in the pediatric population. Excessive weight gain related to
intensive insulin therapy could potentially result in adverse cardiovascular outcomes, as
evidenced by its association with increases in central obesity, insulin resistance,
dyslipidemia, blood pressure, and atherosclerosis during follow-up of patients in the DCCT
and EDIC (8;9).

Youth with T1D are at risk for untoward weight gain due to the combined influences of the
current epidemic of childhood overweight/obesity and greater use of intensive insulin
therapy. Encouragingly, the prevalence of overweight and obesity has leveled off in the
general pediatric population in the last decade (10-12); however, such time trend data in
youth with T1D are limited. Given the progressive implementation of intensive insulin
therapy in pediatric T1D, we sought to evaluate a decade of temporal trends of overweight
and obesity in youth with T1D at a single center, with respect to the use of intensive insulin
therapy and glycemic control.

Study cohorts

We compared four unique cohorts of youth with T1D, each representing a different time
point (1999, 2002, 2006, and 2009) over a period of 10 years. We systematically captured
the data from the subjects enrolled in four distinct studies at a single center. The Institutional
Review Board approved each of the study protocols and all parents/youth provided written
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informed consent/assent. Eligibility criteria included: age 8-16 years, T1D duration =6
months, Alc 6.0-12.0% (42-108 mmol/mol), daily insulin dose =0.5 u/kg, and no other
major untreated chronic medical disorder, psychiatric disorder, or cognitive disability.
Cross-sectional study data, including demographics, diabetes management details, height,
weight, blood pressure, and Alc, were obtained from parent/youth interview and medical
record review at the baseline study visit. For all study cohorts, height and weight were
obtained using standardized equipment. We categorized participants into the following
insulin regimens: conventional (2 injections/day), multiple daily injections (MDI, =3
injections/day), and pump therapy. Two participants in the 2006 cohort were using
untethered pump therapy consisting of a combination of basal injection and subcutaneous
insulin boluses via the pump; these participants were included in the pump group.

Weight categories and blood pressure

Body mass index percentiles and z-scores were calculated using age- and sex-standardized
norms from the Centers for Disease Control and Prevention (CDC). Youth with T1D were
categorized into three categories of weight status: normal weight (<85th percentile),
overweight (=85 to <95th percentile), and obese (=95th percentile)(13). Only 3 participants
(1 in the 2006 cohort and 2 in the 2009 cohort) were underweight according to BMI
percentile (<5th percentile); we included these participants with the normal weight group.
Blood pressures were measured during clinic visits in a standardized manner. Age, sex, and
height standardized blood pressure percentiles were calculated according to CDC norms
(14).

Statistical Analysis

Results

Descriptive data are presented as mean = standard deviation or percentage. Analysis of
variance with Tukey adjustment provided comparisons of continuous variables across the
four unique cohorts and three insulin regimens. Chi-square test/Fisher's exact test compared
proportions. Bivariate and multivariate analyses were performed to determine factors
associated with z-BMI and Alc. Given the collinearity between insulin regimen and study
cohort, we performed multivariate analyses with two separate models; one with insulin
regimen and a second model with study cohort. In the separate multivariate models, we
examined the associations of z-BMI and Alc with either temporal study cohort or insulin
regimen along with meaningful demographic and diabetes specific variables including age,
sex, duration of T1D, total daily insulin dose (u/kg), and BG monitoring frequency. In the
multivariate analysis, insulin regimen was dichotomized into intensive insulin therapy
(pump + MDI) and conventional therapy. Statistical significance was defined by a p value <.
05.

Demographic and diabetes treatment characteristics according to temporal cohort

There were 507 youth with T1D (49% males) in the four cohorts combined. In all cohorts,
participants were 8-16 years of age and had T1D for 0.5-15 years. Sex distribution, race/
ethnicity distribution, and glycemic control were similar across the four cohorts (Table 1).
While there were statistical differences regarding attained age among the four cohorts, from
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a clinical standpoint, their ages were similar (12.0+2.2 to 12.8+2.3 years). Duration of T1D
was statistically and clinically dissimilar among the four cohorts, with the 1999 cohort
having a substantially shorter mean duration of 2.8 years compared to approximately 6 years
for the other three cohorts. These variations in demographic characteristics called for
adjustments in the multivariate analyses.

Intensive management, noted by more frequent daily BG monitoring and greater use of
intensive insulin therapy, defined as 3+ injections/day or pump use, increased significantly
over time by temporal cohort (Table 1 and Fig 1-a). While 48% of the 1999 cohort received
conventional therapy, only 3% of the 2009 cohort received conventional therapy. BG
monitoring frequency of >4 checks/day increased from 65% in the 1999 and 2002 cohorts to
81-90% in the 2006 and 2009 cohorts, while monitoring =5 times /day increased from
5-14% to 62-68% in 1999 and 2002 vs. 2006 and 2009 cohorts, respectively.

Demographic and diabetes treatment characteristics according to insulin regimen

Participant characteristics, such as age, duration of T1D, and details of diabetes
management, varied according to insulin regimen (Table 2). Those using conventional
insulin therapy were significantly younger (11.3£2.2 years, p<.001) and had shorter duration
of diabetes (3.6£2.8 years, p<.001), reflecting the predominance of conventional insulin
therapy in the 1999 cohort. As expected, diabetes management varied according to insulin
regimen. Total daily insulin dose was higher in those receiving MDI (1.0+0.3 u/kg, p<.001)
compared to patients using conventional treatment (0.9+0.2 u/kg) or pump therapy (0.9+0.2
u/kg). Frequency of BG monitoring also differed by insulin regimen; 70% of pump treated
participants checked BG levels =5 times/day compared to 27% of participants receiving
MDI and 7% of conventionally treated participants (p<.001). Alc differed by insulin
regimen, with those receiving pump therapy having the lowest Alc of 8.0+£0.9% (64+10
mmol/mol), a value that was significantly lower than the MDI group (8.6+1.1% (70+12
mmol/mol), p<.001) and non-significantly lower than the conventionally treated group
(8.4+1.2% (68+13 mmol/mol), p=.07).

z-BMI and weight status according to temporal cohort and insulin regimen

In total, one-third of participants across all four cohorts were either overweight (n=111,
22%) or obese (n=53, 10%). Neither the mean z-BMI (p=.70) nor the distribution of weight
status (p=.54) (Fig 1-b) differed significantly among the four temporal cohorts. Interestingly,
the distribution of weight status also did not differ by insulin regimen (Fig 1-c) although
there was a modest, non-significant excess of normal weight in those on conventional
therapy.

Demographic and diabetes treatment characteristics according to weight status

Diabetes treatment characteristics were similar across weight status groups (Table 3) with
respect to total daily insulin dose (u/kg), BG monitoring frequency, or insulin regimen.
Further, Alc did not differ by weight status, although Alc was non-significantly higher in
the obese group. Not surprisingly, the mean percentiles of systolic blood pressure were
higher in the overweight and obese patients compared to those with normal weight (p<.01).
Overall, only 5% of the sample had blood pressures at or above the 90t percentile. Due to

Pediatr Diabetes. Author manuscript; available in PMC 2016 June 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Baskaran et al. Page 5

the small number with hypertension or prehypertension, the proportion with blood pressure
>90t" percentile across the three weight status groups was similar.

Factors associated with z-BMI and glycemic control in multivariate models

We examined the associations of z-BMI (models 1a and 1b) and Alc (models 2a and 2b) in
separate multivariate models with either temporal cohort (model a) or insulin regimen
(model b), as insulin regimen was so tightly linked with temporal cohort. Covariates
included in the models predicting z-BMI were age, sex, race/ethnicity, duration of diabetes,
total daily insulin dose (u/kg), Alc, and cohort (model 1a) or insulin regimen (model 1b).
Only 4% of the variance in z-BMI (model p value <.01) was explained in each of the two
models. In each model, the only significant factor associated with z-BMI was total daily
insulin dose (p<.005). Higher total daily insulin dose was associated with a higher z-BMl;
for each 0.1 u/kg increase in total daily insulin dose, there was a 0.04 increase in z-BMI.
Neither cohort (model 1a) nor insulin regimen (model 1b) were significant predictors of z-
BMI.

Covariates included in the models predicting Alc were age, sex, race/ethnicity, duration of
diabetes, z-BMI, total daily insulin dose (u/kg), BG monitoring frequency, and cohort
(model 2a) or insulin regimen (model 2b). In the multivariate model including temporal
cohort (model 2a), the independent variables accounted for 12% of the variance in Alc
(model p value <.001). In the multivariate model including insulin regimen (model 2b), the
independent variables accounted for 11% of the variance in Alc (model p value <.001). In
both models, more frequent BG monitoring was associated with lower Alc (p<.001) after
adjustment for covariates (Figure 2). Additionally, in both models, total daily insulin dose
and race/ethnicity were independently associated with Alc. For each 0.1 u/kg increase in
total daily insulin dose, there was a significant increase in Alc of 0.05%(0.5 mmol/mol) (p<.
01) in both the insulin regimen and temporal cohort models. Nonwhite race was associated
with 0.7% (7.7 mmol/mol) higher Alc (p<.001) in both models. Neither cohort (model 2a)
nor insulin regimen (model 2b) were significant predictors of Alc.

Discussion

The prevalence of overweight and obesity in the pediatric population has increased
dramatically over the past half century and, currently, 15% and 17% of U.S. youth ages 2-19
years old are overweight and obese, respectively (10). Encouragingly, recent studies indicate
that the prevalence of overweight and obesity has plateaued in the last decade in multiple
countries including the U.S. (10-12). Typically, youth with T1D exhibit significant weight
loss at the time of diagnosis. Yet there has been a continuous rise in z-BMI at onset of T1D
in children (15); the prevalence of overweight and obesity at T1D onset has increased three-
fold across two decades (16). In the Pediatric Diabetes Consortium (PDC), 21% of youth
with T1D were overweight or obese at diagnosis, although the mean z-BMI (-0.13) of youth
with T1D was less than that of the 2000 CDC population (p=.04) (17). On the other hand,
prevalence of overweight and obesity in youth with established T1D is 35%, comparable to
that of the general U.S. pediatric population (18). A study of adults with established T1D
showed an approximate 50% increase in overweight prevalence and seven-fold increase in
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obesity prevalence over 18 years (19). With a progressive increase in intensive insulin
therapy use since the DCCT, particularly in the pediatric population, and a need to
understand temporal trends of overweight and obesity in youth with established T1D, we
investigated trends in overweight and obesity in youth with T1D over a 10-year period.

In our study, the prevalence of overweight and obesity in four unique cohorts remained
stable over the past decade with 22% of the subjects overweight and 10% obese. In total,
one third of the youth were either overweight or obese, again mirroring the prevalence of
overweight and obesity in the general pediatric population (10). Our results are consistent
with the SEARCH study (18) (22.1% overweight and 12.6% obesity), indicating a higher
prevalence of overweight youth compared to obese youth with T1D, while the general
pediatric population yields a greater proportion of obese youth compared to overweight
youth (17% vs. 15%) (10).

In our analyses, the only factor that differed significantly by weight status was blood
pressure, which was higher in obese youth, suggesting an adverse weight-related
cardiovascular risk profile. Diabetes management was similar according to weight status
groups and z-BMI was also similar across insulin regimen groups. Thus, the prevalence of
overweight and obesity in youth with T1D today likely reflects the background prevalence
of overweight and obesity in the general pediatric population and no adverse impact of
intensive insulin therapy on weight as was seen in the DCCT.

From 1999 to 2009, we confirmed a dramatic increase in use of intensive insulin therapy in
pediatric patients with T1D. Despite the near doubling and ubiquitous use of intensive
insulin therapy in our recent cohort compared with the earlier cohorts, z-BMI and
prevalence of overweight and obesity remained stable during the 10-year interval. Our
findings suggest that intensive insulin therapy in the post-DCCT era was not associated with
untoward weight gain. On the other hand, the Hvidore study group demonstrated higher z-
BMI with increased penetration of intensive therapy from 1995-1998 (20), which was also
associated with higher total daily insulin dose, although glycemic control, similarly, did not
improve during that time interval. These investigators reported greatest weight gain in
individuals switching from twice daily injections regimens to MDI regimens. While it is
encouraging that weight status has remained stable over time in our cohorts, it is
discouraging that glycemic control did not improve significantly with greater use of
intensive insulin therapy, a finding similar to that of the Hvidore study group. However, we
observed that those using insulin pump therapy had the lowest Alc, as reported in other
observational studies (21;22). Several studies have demonstrated the important role of more
frequent BG monitoring in achieving better glycemic control (23-27). In our study, BG
monitoring frequency was the major predictor of Alc after adjusting for either temporal
cohort or insulin regimen in separate multivariate models. This suggests that the lower Alc
observed in those using insulin pump therapy may be the result of greater overall adherence
and specifically to more frequent BG monitoring in this group.

Another factor associated with glycemic control was total daily insulin dose (u/kg); higher
u/kg was associated with a higher Alc. One can interpret this observation a number of ways.
Uncontrolled diabetes, identified by higher Alc levels, might lead providers to increase the
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insulin dose. The resulting higher insulin dose may reflect either underlying insulin
resistance with a true need for more insulin or non-adherence with missed insulin doses
leading to reflexive increases in the insulin dose. Again, in the multivariate analyses
predicting z-BMl, daily insulin dose was the only significant factor associated with z-BMI; a
higher insulin dose was associated with a higher z-BMI. However, in these cross-sectional
analyses, we cannot determine whether higher z-BMI leads to a higher daily insulin dose
requirement or if higher insulin dose promotes weight gain. While insulin dose was directly
associated with Alc and z-BMI, there was no significant association between z-BMI and
Alc. Lastly, non-white patients had a higher Alc in our cohorts compared with white
patients, a finding reported in previous studies (23;28).

There are many limitations to our findings. The main limitation is the cross-sectional nature
of the study; the associations we demonstrate cannot be considered causal. Another potential
limitation to our study is the dissimilarity in patient characteristics related to duration of
T1D in our 1999 study cohort, which was significantly shorter compared to the other
cohorts. To account for this variation, we controlled for diabetes duration in the multivariate
analyses. In addition, we do not have information regarding whether patients were taking
medications that are known to impact weight.

Our study highlights several important findings. First we confirmed that the use of intensive
insulin therapy has nearly doubled in youth with T1D over a decade. Next our findings
revealed a stable prevalence of overweight and obesity in youth with T1D despite the
increased use of intensive insulin therapy. We also demonstrated no significant association
between weight status and glycemic control. Finally, glycemic control remained relatively
stable across the temporal cohorts, despite the increased penetration of intensive insulin
therapy.

The prevalence of overweight/obesity in youth with T1D has remained stable over a decade
despite the increasing penetration of intensive insulin therapy. While it is encouraging that
the rates of overweight and obesity have been stable, more than a third of youth with T1D
continue to be either overweight or obese. Further, despite nearly universal use of intensive
insulin therapy, glycemic control in youth with T1D remains suboptimal. These findings
underscore the need for innovative clinical interventions to improve glycemic control and
normalize weight status in pediatric patients with T1D in order to reduce the risk for future
micro- and macro-vascular complications.
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Fig.1 Part A. Insulin regimen by temporal cohort
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Fig.1 Part B. Weight status by temporal cohort
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Fig.1 Part C. Weight status by insulin regimen

Conv

MDI
Insulin Regimen

mObese
OOverweight
BNormal Wt

Figure 1a. Insulin regimen according to temporal cohort.
There was a significant increase in the use of intensive insulin therapy from 1999-2009.
Figure 1b. Weight status according to temporal cohort.
The prevalence of overweight/obesity in youth with type 1 diabetes remained unchanged

from 1999-20009.

Figure 1c. Weight status according to insulin regimen.
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There was no significant difference in weight status among youth treated with conventional
therapy, multiple daily injections, or insulin pump therapy.
Conv: Conventional therapy, MDI: Multiple daily injections.
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Figure 2.
Multivariate analysis depicting Alc% according to BG monitoring frequency/day in the

models with either temporal cohort or insulin regimen.
More frequent BG monitoring was significantly associated with lower Alc (p<.001).
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Participant characteristics according to temporal cohort

Table 1

1999 2002 2006 2009
(n=94) (n=144) (n=133) (n=136)
Age (years) 120422 | 12823 | 12119 | 12.7+25
Sex (% female) 46 56 53 49
Race/ethnicity (% non-white) 6 9 12 7
z-BMI (SDS) 0.69+0.76 | 0.74+0.75 | 0.65+0.76 | 0.65+0.82
BMI percentile (%) 7121 72+21 70+22 70+23
Age at T1D diagnosis (years)P | 9:2¥27 | 6434 | 64134 [ 6330
T1D duration (years)P 28+15 | 6535 | 57433 | 6.4232
Insulin dose (Ulkg/day)C 09+02 | 1.0£02 | 09202 | 09+03
BG monitoring frequency (%)d
<2 times/day 7 8 8 4
3 times/day 28 28 12 6
4 times/day 60 51 19 22
=5 times/day 5 14 62 68
Alc % (mmol/mol) 8.5+1.1 8.4+1.3 8.3+1.0 8.3+1.1
(69+12) (68+14) (67+11) (67+12)

a1999 vs. 2002: p=.03, 2002 vs. 2006: p=.04.

b

1999 vs. 2002, 1999 vs. 2006, 1999 vs. 2009: all p<.001.

€1999 vs. 2002: p=.01.

d1999 vs. 2006, 1999 vs. 2009, 2002 vs. 2006, 2002 vs. 2009: all p<.001.
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Participant characteristics according to insulin regimen

Table 2

CONV MDI PUMP
(n=70) (n=258) (n=179)
Age (years) 11.3+2.2 12.742.2 12.6+2.2
Sex (% female) 59 48 54
Race/ethnicity (% non—white)b 13 12 3
z-BMI (SDS) 0.56+0.82 0.73+0.72 0.66+0.82
BMI percentile (%) 67423 72420 70423
Age at T1D diagnosis (years)® 7.7£2.9 71236 6.2¢£3.0
T1D duration (years)d 3.6+2.8 5.54£35 6.4+3.1
Insulin dose (U/kg/day)® 0.9£0.2 1.0£0.3 0.9+0.2
BG monitoring frequency (%)f
<2 times/day 14 7 3
3 times/day 20 22 10
4 times/day 59 43 17
>5 times/day 7 27 70

Alc % (mmol/mol)9

8.4+1.2 (68+13)

8.6+1.1 (70+12)

8.0£0.9 (64+10)

CONV: Conventional therapy; MDI: Multiple daily injections

aCONV vs. MDI: p<.001, CONV vs. PUMP: p<.001.

bCONV vs. PUMP: p=.002, MDI vs. PUMP: p<.001.

CCONV vs. PUMP: p=.003, MDI vs. PUMP: p=.01.

dCONV vs. MDI: p<.001, CONV vs. PUMP: p<.001, MDI vs. PUMP: p=.02.

eCONV vs. MDI: p<.001, MDI vs. PUMP: p<.001.

f

CONV vs. MDI: p=.002, CONV vs. PUMP: p<.001, MDI vs. PUMP: p<.001.

9MDI vs. PUMP: p<.001.
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Table 3
Participant characteristics according to weight status

Normal Weight Overweight Obese
(n=343) (n=111) (n=53)
Age (years) 12.442.2 12.742.2 12.3+2.5
Sex (% female) 52 50 53
Race/ethnicity (% non-white) 9 7 8
Age at T1D diagnosis (years)® 7.1£3.3 6.8+3.4 5.9+3.1
T1D duration (years) 5.3+3.3 5.9+3.4 6.4+3.7
Systolic BP (percentile)? 54£24 63£23 70£23
Diastolic BP (percentile)C 5719 60+16 66+18
Insulin dose (U/kg/day) 0.9+0.2 1.0+0.3 1.0+0.3
BG monitoring frequency (%)
<2 times/day 7 7 6
3 times/day 16 21 25
4 times/day 36 37 38
25 times/day 42 35 32
Insulin regimen (%)
2 injections/day 16 7 13
>3 injections/day 51 50 53
Pump therapy 33 42 34
Alc % ( mmol/mol) 8.3+1.1 (67+12) | 8.4+1.1 (68+12) | 8.7+1.1 (72+12)

Normal weight: <85th percentile, Overweight: 85th to <95th percentile, Obese: 295th percentile
aNormal weight vs. Obese: p=.04.
bNormal weight vs. Overweight: p=.003, Normal weight vs. Obese: p<.001.

CNormal weight vs. Obese: p=.003.
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