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Abstract
Objective—To evaluate temporal trends in pediatric type 1 diabetes (T1DM) management and
resultant effects on outcomes.

Study design—Two pediatric T1DM cohorts were followed prospectively for 2 years and
compared; Cohort 1 (N=299) was enrolled in 1997 and Cohort 2 (N=152) was enrolled in 2002. In
both cohorts, eligible participants were identified and sequentially approached at regularly scheduled
clinic visits until the target number of participants was reached. Main outcome measures were A1c,
z-BMI, and incidence rates (IR, per 100 patient-years) of hypoglycemia, hospitalizations, and
emergency room (ER) visits.

Results—At baseline, Cohort 2 monitored blood glucose more frequently than Cohort 1 (≥4 times/
day: 72% vs. 39%, p<.001) and was prescribed more intensive therapy than Cohort 1 (≥3 injections/
day or pump: 85% vs. 65%, p<.001). A1c was lower in Cohort 2 than Cohort 1 at baseline (8.4% vs.
8.7%, p=.03) and study’s end (8.7% vs. 9.0%, p=.04). The cohorts did not differ in z-BMI (0.83 vs.
0.79, p=.57) or IR of hospitalizations (11.2 vs. 12.9, p=.38). Cohort 2 had lower IR of total severe
hypoglycemic events (29.4 vs. 55.4, p<.001) and ER visits (22.0 vs. 29.3, p=.02).

Conclusions—T1DM management intensified during the 5 years between cohorts and was
accompanied by improved A1c and stable z-BMI. Along with improved control, IRs of severe
hypoglycemia and ER visits decreased by almost 50% and 25%, respectively.
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The Diabetes Control and Complications Trial (DCCT) demonstrated that optimal glycemic
control in type 1 diabetes mellitus (T1DM) delays the onset and slows the progression of
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microvascular complications (1). Current recommendations therefore mandate that youth with
T1DM should be treated with intensive therapy to normalize glycemic control as early as
possible (2). Intensive therapy involves multiple daily injections (MDI) of insulin or insulin
pump therapy (continuous subcutaneous insulin infusion, CSII), as well as other essential
components of diabetes care, such as self-monitoring of blood glucose (SMBG) (3–5).

Treatment of T1DM in children and adolescents is difficult. The combination of severe insulin
deficiency and the physical and psychosocial changes that accompany normal growth and
development present unique challenges to pediatric health care professionals (6–9). In the
DCCT, the 195 adolescents, ages 13–17 years at entry, had significantly higher A1c values
compared to their adult counterparts, and the investigators anticipated that worldwide
translation of treatment recommendations for youth would be especially challenging (10).
Recent data, however, suggest that clinicians have gained success in implementing DCCT
standards in pediatric practice. Advances in technology, such as improved methods of SMBG,
modern insulin infusion pumps, and new short- and long-acting insulin analogs, as well as
innovative behavioral and educational approaches, have contributed to this success (11–14).

Maintenance of near-euglycemia, however, is not the only goal of intensive diabetes
management. The prevention of excessive weight gain, previously associated with
intensification of diabetes therapy (15–17), is desirable. In addition, acute diabetes-related
complications [e.g., episodes of severe hypoglycemia, hospitalizations, and emergency room
(ER) visits] should be minimized. Although early evidence from the DCCT showed that
intensively treated adolescents had a greater risk of severe hypoglycemia, more recent data
suggest that hypoglycemia does not inevitably accompany improved metabolic control (18–
20).

Data regarding the impact of intensification of therapy on the occurrence of hospitalizations
and ER utilization are limited. The purpose of this study was to examine whether intensive
management and outcomes of diabetes care, as reflected by glycemic control, body mass index
z-score (z-BMI), and acute complication rates have changed in the pediatric population in
recent years.

METHODS
Participants

Two cohorts of youth with T1DM were followed longitudinally for two years and acute adverse
event rates of the two groups were compared. Eligibility criteria for both cohorts included: age
8–16 years, duration of T1DM >6 months, stable living environment, no major psychiatric
problems, and intention for routine follow-up care at the clinic. All youth had received insulin
since diagnosis and had insulin requirements ≥0.5 U/kg/day at enrollment. The Committee on
Human Studies of the Joslin Diabetes Center approved the study protocols.

Enrollment of Cohort 1 occurred between 1997–1998 (4 years post-DCCT). Enrollment of
Cohort 2 occurred between 2002–2003 (9 years post-DCCT). The two time intervals allow for
an examination of gradual trends in clinical care.

For Cohort 1, 413 eligible participants were identified and sequentially approached until the
target number of 299 was reached. During enrollment, 35 families declined participation. Non-
participants had a mean (standard deviation) age of 13.0(2.7) years, mean diabetes duration of
7.0(3.7) years, and mean A1c of 9.0(1.3)%. Non-participants were slightly older and had
slightly longer diabetes duration than participants, but did not differ from participants with
respect to glycemic control.
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For Cohort 2, 462 eligible participants were identified and sequentially approached until the
target number of 154 was reached. Two patients were subsequently removed from data analyses
due to the occurrence of significant psychiatric problems in one patient and a revision of
diagnosis from T1DM to maturity-onset diabetes of the young in the other patient. During
enrollment, 20 families declined participation. Non-participants had a mean age of 13.2(1.8)
years, mean diabetes duration of 6.5(3.2) years, and mean A1c of 8.5(1.6)%. There were no
significant differences between participants and non-participants with respect to any of these
characteristics.

The target number of participants in each cohort was in part determined by the availability of
research staff to follow patients prospectively over a two-year period. Each research assistant
(RA) followed between 70–75 patients. Fewer RAs were available in 2002, resulting in Cohort
2 being half the size of Cohort 1. Over 90% of patients in both cohorts were first seen, and
subsequently followed, within 1.5 years of diagnosis and thus represent a community-based
sample. Thirty-five patients were enrolled in both Cohort 1 and Cohort 2.

Procedures
Eligible families were enrolled at their regularly scheduled visits. RAs obtained written,
informed consent from the parent and assent from the child.

During the two years of follow-up, families were encouraged by their medical providers to
visit the clinic every 3 months. At each clinic visit, an RA conducted a 5–10 minute structured,
joint child-parent interview to gather data pertaining to family demographics, diabetes
management, and frequency and severity of recent hypoglycemia, hospitalizations, and ER
utilization. The RA also extracted data, based on the interval history and physical examination
performed by the medical provider, from the patient’s medical record. These data included
measurements of height, weight, and blood pressure, as well as staging of sexual development
by the method of Tanner. The inter-rater reliability of data extraction by chart review exhibited
greater than 94% concordance in both studies. Medical providers (not RAs) formulated and
implemented all management plans.

Measures of Outcomes of Care
We assessed outcomes of diabetes care using four separate measures: glycemic control
(measured as A1c), z-BMI, frequency of hypoglycemia, and hospitalizations/ER utilization.
A1c was measured at each visit using high-performance liquid chromatography standardized
to the DCCT assay (reference range: 4–6%; Tosoh Medics, Inc, Foster City, CA). BMI was
calculated from weight and height at each visit. Because normative values of BMI for children
vary by sex and age, we calculated an age- and sex-adjusted BMI (z-BMI), which represents
the number of standard deviations above or below the mean.

Severe hypoglycemia was defined, as in the DCCT, as any hypoglycemic event in which the
patient required assistance from another person to recover (21). These events were divided into
two mutually exclusive categories: (1) events requiring the help of another person for oral
treatment, and (2) events, such as coma or seizure, requiring emergency medical response or
treatment with glucagon and/or intravenous dextrose. The frequency of these events was
ascertained by patient/family interviews, chart reviews, and interval questionnaires.

ER visits and hospitalizations included assessments and admissions for diabetic ketoacidosis,
severe hypoglycemia, other diabetes-related problems (e.g., major treatment adjustments), and
problems not directly related to, but complicated by, diabetes. As with hypoglycemic events,
the frequency of these events was ascertained by patient/family interviews, chart reviews, and
interval questionnaires.
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Statistical Analysis
Statistical analysis of the data was performed with SAS, Version 8.2, for Windows (SAS
Institute, Cary, NC). Means (SD) are presented unless otherwise indicated. Analyses included
t tests, χ2 tests, and incidence rate (IR) calculations and comparisons. The numbers of months
for which each patient contributed data were summed, and clinical outcomes were calculated
as the number of events per 100 patient-years. An integrated A1c value was calculated for each
patient by averaging all A1c values obtained during follow-up. Integrated A1c and outcome
data were compared with previously published findings from the DCCT. An alpha level of .
05 was used to determine statistical significance.

RESULTS
Patient Characteristics

The Table displays baseline characteristics for each cohort. The mean number of clinic visits
per patient per year was 3.8(1.7) in Cohort 1 and 4.1(0.8) in Cohort 2 (p=.03). At study entry,
only 39% of patients in Cohort 1 were performing SMBG ≥4 times/day, compared to 72% of
Cohort 2 (χ2=48.0, df=3, p<.0001) (Figure 1, a). Cohort 2 had a significantly higher mean
frequency of SMBG than Cohort 1 at both baseline [3.8(0.9) vs. 3.1(1.0), p<.0001] and after
two years of follow-up [3.6(1.1) vs. 3.0(1.1), p<.0001].

At both study entry and completion, Cohort 2 had a higher percentage of patients who were
prescribed intensive insulin therapy (≥3 injections/day or CSII) compared to Cohort 1. At entry,
85% of Cohort 2 was prescribed intensive therapy (62% MDI, 23% CSII), compared to 65%
of Cohort 1 (65% MDI, 0% CSII) (χ2=90.2, df=3, p<.0001, Figure 1, b). At study’s end, 94%
of Cohort 2 was prescribed intensive therapy (59% MDI, 35% CSII), compared to 75% of
Cohort 1 (73% MDI, 2% CSII) (χ2=132.5, df=3, p<.0001). Both cohorts transitioned to
intensive therapy during follow-up at similar rates, with 14% of Cohort 1 and 12% of Cohort
2 changing to a more intense mode of therapy (i.e., ≤2 injections/day to MDI or CSII) (χ2=2.1,
df=2, p=.34).

The type of insulin used at study entry was also examined. In Cohort 1, 133 patients (45%)
used a rapid-acting insulin analog as part of their injection regimen. In Cohort 2, 125 patients
(89 on injections; 36 on CSII) (82%) used a rapid-acting analog as part of their regimen at
baseline.

Glycemic Control
After two years of follow-up, the mean A1c was 9.0(1.5)% in Cohort 1 and 8.7(1.4)% in Cohort
2 (p=.04). Thirty-five percent of Cohort 2 had an A1c ≤8.0% at study’s end, compared to 25%
of Cohort 1 (p=.02). There were no significant differences between Cohorts 1 and 2 with regard
to increase in A1c [0.3(1.3)% vs 0.3(1.1)%, p=1.0] or proportion of youth maintaining/
improving their level of glycemic control (45% vs 40%, p=.39) over the course of the study.
The integrated mean A1c values for Cohorts 1 and 2 over the two years of follow-up were 8.9
(1.2)% and 8.6(1.3)%, respectively (p=.03).

z-BMI
After two years of follow-up, mean z-BMI was 0.79(0.72) in Cohort 1, an increase of 0.08
(0.43) from baseline, and 0.83(0.69) in Cohort 2, an increase of 0.06(0.42) from baseline.
Neither follow-up z-BMI (p=.57) nor change in z-BMI (p=.64) differed significantly between
cohorts.
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Frequency of Severe Hypoglycemia
The IR of severe hypoglycemic events requiring the help of another person for oral treatment
was 47.1/100 patient-years in Cohort 1 and 18.5/100 patient-years in Cohort 2 (p<.001). The
IR of severe hypoglycemic events requiring emergency medical response or treatment with
glucagon and/or intravenous dextrose was 8.4/100 patient-years in Cohort 1 and 10.9/100
patient-years in Cohort 2 (p=.24). The IR of total severe hypoglycemic events was 55.4/100
patient-years in Cohort 1 and 29.4/100 patient-years in Cohort 2 (p<.001). Hence, the annual
IR for any severe hypoglycemic event in Cohort 2 was almost half that of Cohort 1 (Figure 2,
a).

Frequency of Hospitalizations and ER Utilization
The IR of hospitalizations was 12.9/100 patient-years in Cohort 1 and 11.2/100 patient-years
in Cohort 2 (p=.38). The IR of ER visits was 29.3/100 patient-years in Cohort 1 and 22.0/100
patient-years in Cohort 2 (p=.02). Thus, the IR of ER visits was 24% lower in Cohort 2 than
Cohort 1.

Comparison to adolescent cohort of the DCCT (10)
The integrated mean A1c values of the conventionally (N=103) and intensively (N=92) treated
adolescents in the DCCT were 9.8(1.2)% and 8.1(1.2)%, respectively. Both Cohorts 1 and 2
had significantly lower A1c values compared to the conventionally treated adolescent DCCT
cohort (p<.001) but significantly higher A1c values compared to the intensively treated
adolescent DCCT cohort (p<.001) (Figure 2, b). The IR of total severe hypoglycemia for the
conventionally and intensively treated adolescent DCCT groups were 27.8/100 patient-years
and 85.7/100 patient-years, respectively. Cohorts 1 and 2 had significantly lower IR of total
severe hypoglycemia than the intensively treated adolescent DCCT cohort (p<.001). Cohort 1
had a significantly higher IR of severe hypoglycemia than the conventionally treated adolescent
DCCT cohort (p<.001), whereas no difference was observed between Cohort 2 and the
conventionally treated adolescent DCCT cohort (p=.99) (Figure 2, a).

DISCUSSION
By comparing two pediatric cohorts with T1DM followed at the same center and separated in
time by five years, we found that intensive insulin therapy and frequency of SMBG increased
significantly in the post-DCCT era. A significant improvement in glycemic control coincided
with these changes in treatment practices. Although the results are somewhat encouraging, the
integrated mean A1c for the cohort enrolled in 2002 remained 0.5% higher than the intensively
treated adolescent group in the DCCT.

Our A1c results are consistent with previous studies, including the large multicenter Hvidore
study conducted in 17 European countries between 1995–1998, which documented the
difficulty in improving individual clinic hemoglobin A1c values (22,23). Only 40% of our
2002 cohort maintained or improved their level of glycemic control over the course of the
study. This finding suggests that significant opportunities for improving blood glucose levels
in youth remain. Unfortunately, although we currently have more tools (e.g., insulin analogs)
than did the DCCT investigators, available resources, such as personnel required to perform
monthly visits and weekly phone calls, remain fewer.

Although less frequent than the DCCT, the mean number of clinic visits per year in both cohorts
was in keeping with current practice recommendations (24). However, patients in Cohort 2
had significantly more visits per year on average than patients in Cohort 1 (4.1 vs. 3.8). Previous
reports have shown that patients with more frequent clinic visits demonstrate improved
glycemic control (25). It is unclear, however, if increased exposure to care is the true mediator
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of improved glycemic control, or if increased exposure to care is better viewed as a marker of
implementation of intensive diabetes management, which is the true mediator of improved
glycemic outcomes (26,27).

Perhaps more important than the number of clinic visits in improving glycemic control,
however, was the increased frequency of SMBG performed by Cohort 2. Previous studies have
shown that more frequent SMBG is associated with lower HbA1c levels (3,5).

Both cohorts experienced equivalent deterioration in glycemic control during the two years of
follow-up. Although disappointing, this finding was not entirely unexpected. At study entry,
the mean age of participants in Cohorts 1 and 2 were 11.9 and 12.9 years, respectively.
Numerous studies have shown that the transition to adolescence for children with T1DM is
commonly associated with decreased adherence to diabetes management tasks leading to worse
metabolic control (6,28–30). Clearly, the design, implementation, and evaluation of affordable,
efficacious, and translatable interventions aimed at improving glycemic control among
adolescents with T1DM are still needed. The introduction of continuous glucose monitoring
technologies into clinical practice could prove particularly useful in this patient population.

We did not find a significant difference in mean z-BMI between the two cohorts at baseline or
after two years of follow-up. These results are encouraging since intensive insulin therapy has
previously been associated with significant weight gain (10). Although concerns about weight
gain should not deter intensive insulin therapy, forms of therapy that improve glycemic control
without causing weight gain are desirable (31).

Hypoglycemia is the most frequent acute complication of T1DM. We observed a substantial
decrease in the annual incidence of total severe hypoglycemic events between our two cohorts.
Interestingly, this decrease occurred despite the fact that the 2002 cohort had diabetes of longer
duration, a known risk factor for hypoglycemia (32,33). We speculate that the cause of this
declining incidence was multifactorial and likely due to more physiologic insulin replacement
with MDI, CSII, and analog use. Previous reports evaluating pump therapy in children have
shown significant reduction in risk of severe hypoglycemia despite improvements in A1c
(20,34,35). Furthermore, other reports have suggested that severe hypoglycemia may be less
common with insulin analog therapy (36–38). Although the relationship has not been as strong
in pediatric studies (19,20,39), the fact that nearly twice as many patients were using insulin
analogs as part of their treatment regimens in 2002 than in 1997 likely contributed to the
decreased incidence of severe hypoglycemia in this cohort.

We also observed that the 2002 cohort experienced nearly 25% fewer ER visits than the 1997
cohort. Unfortunately, a similar trend was not observed in the rate of hospitalizations. When
considering the direct and indirect costs of diabetes care in the US, it is well established that
inpatient hospital care is a major cost driver, amounting to ~30% of the total costs (40).
Therefore, the fact that we did not observe a decrease in the rate of hospitalizations for Cohort
2 at first glance suggests that intensification of therapy would not result in cost-savings for this
population. One limitation of this study, however, is that duration of hospital stay was not
evaluated. Recent studies involving pediatric patients have suggested that the mean length of
hospital stay for non-DKA, as well as DKA, admissions is decreasing (41). If the same holds
true for our patients, cost-savings may have been realized. The decrease in IR of ER visits
likely translated into fewer missed school/work days for patients and family members. In
addition, the better glycemic control that we observed would translate into cost-savings
associated with the prevention or postponement of long-term complications and decreased
inpatient hospital care in the future (42–44). Of course, these savings would be partially offset
by increased outpatient charges and the increased cost of supplies needed for intensive diabetes
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management (e.g., insulin pump supplies). The lack of cost data is a weakness of this study;
future studies addressing this issue are needed.

A few additional cautions must be made in discussing the results of this study. Although the
prospective nature of data collection was designed to minimize underreporting of adverse
events, it is possible that underreporting by parents and physicians resulted in underestimations
of incidence rates in all categories. However, such underreporting would likely have occurred
to the same extent in both cohorts, so that the differences observed between the cohorts would
remain unchanged at a minimum. Next, these studies were conducted at a single tertiary care
facility. Similar studies conducted at other centers involving different pediatric populations are
needed (45). Nonetheless, these data are informative in showing that as we continue to pursue
the goal of near-normal metabolic control in youth with diabetes, an increase in acute adverse
events is not a necessary outcome.
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ABBREVIATIONS
A1c  

hemoglobin A1c

CSII  
continuous subcutaneous insulin infusion

DCCT  
Diabetes Control and Complications Trial

ER  
emergency room
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IR  
incidence rate

MDI  
multiple daily injections

RA  
research assistant

SMBG  
self-monitoring of blood glucose

T1DM  
type 1 diabetes mellitus

z-BMI  
body mass index z-score
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Figure 1.
a, Baseline daily SMBG. Frequency of SMBG was higher in Cohort 2 than Cohort 1 at baseline
(χ2=48.0, df=3, p<.0001). b, Baseline daily injection frequency. There was greater use of
intensive treatment (≥ 3 injections/day or CSII) in Cohort 2 than Cohort 1 at baseline (χ2=90.2,
df=3, p<.0001). Gray bar=cohort 1 (1997), black bar=cohort 2 (2002).
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Figure 2.
a, Incidence rate of severe hypoglycemia. Severe hypoglycemia was divided into two
mutually exclusive categories. Dark gray area=events requiring the help of another person for
oral treatment. Light gray area=events such as seizure or coma requiring emergency medical
response or treatment with glucagon and/or intravenous dextrose. The total number of events
is shown above each bar. Rates of severe hypoglycemia of adolescents in the DCCT are shown
for comparison (10). b, Integrated A1c. An integrated A1c value was calculated for each
patient by averaging all A1c values obtained during follow-up and compared with the
adolescent cohort of the DCCT (10). Cohorts 1 and 2 had significantly lower A1c values than
the conventionally treated adolescent DCCT cohort (p<.001) and significantly higher A1c
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values than the intensively treated adolescent DCCT cohort (p<.001) (10). The x-axis labels
below Figure 2b apply to both Figures 2a and 2b.
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Table 1
Baseline Patient Characteristics

Cohort 1 (1997–1998)
N=299

Cohort 2 (2002–2003)
N=152

p

Age at entry (yrs) 11.9 (2.5) 12.9 (2.3) <0.001
Gender (% male) 44% 43% 0.89
Ethnicity (% Caucasian) 92% 90% 0.52
Developmental stage (%) <0.001
 Prepubertal (Tanner stage I) 41% 21%
 Pubertal (Tanner stage II–IV) 36% 47%
 Postpubertal (Tanner stage V) 23% 32%
Socioeconomic status (%)a 0.32
 Major professional 22% 20%
 Minor professionals/skilled worker 54% 63%
 Semi-skilled worker 17% 14%
 Unskilled/unemployed/retired/student 7% 4%
Family structure (% two-parent family) 82% 81% 0.83
BMI (kg/m2) 21.1 (3.8) 21.5 (3.8) 0.19
z-BMI 0.72 (0.76) 0.75 (0.73) 0.50
Duration of T1DM (yrs) 5.2 (3.0) 6.2 (3.5) 0.001
Insulin analog usage (%) 45% 82% <0.001
A1c (%) 8.7 (1.4) 8.4 (1.4) 0.05
A1c ≤ 8% (% of patients) 32% 48% <0.001

a
Major professional = physician, lawyer, etc.; Minor professional = nurse, teacher, etc.; skilled worker = administrative personnel, etc.; semi-skilled

worker = data entry personnel, etc.; unskilled worker = truck driver, etc.

Data reported as mean (SD) or percent.
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