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ABSTRACT
Background: Poor glycemic control early in the
course of type 1 diabetes mellitus (T1DM) increases
the risk for microvascular complications. However,
predictors of deteriorating control after diagnosis have
not been described, making it difficult to identify high-
risk patients and proactively provide aggressive
interventions.
Objective: We examined whether diagnostic age,
gender, and race were associated with deteriorating
glycemic control during the first 5 years after
diagnosis.
Participants: 2218 pediatric patients with T1DM.
Methods: We conducted a longitudinal cohort study
of pediatric patients with T1DM from the Midwest USA,
1993–2009, evaluating within-patient glycated
hemoglobin (HbA1c) trajectories constructed from all
available HbA1c values within 5 years of diagnosis.
Results: 52.6% of patients were male; 86.1% were
non-Hispanic Caucasian. The mean diagnostic age was
9.0±4.1 years. The mean number of HbA1c values/
year/participant was 2.4±0.9. HbA1c trajectories
differed markedly across age groups, with older
patients experiencing greater deterioration than their
younger counterparts (p<0.001). HbA1c trajectories,
stratified by age, varied markedly by race (p for
race×diagnostic age <0.001). Non-Hispanic African-
American patients experienced higher initial HbA1c
(8.7% vs 7.6% (71.6 vs 59.6 mmol/mol); p<0.001),
and greater deterioration in HbA1c than non-Hispanic
Caucasian patients across diagnostic ages (rise of
2.04% vs 0.99% per year (22.3 vs 10.8 mmol/mol/
year); p<0.0001).
Conclusions: Older diagnostic age and black race are
major risk factors for deterioration in glycemic control
early in the course of T1DM. These findings can
inform efforts to explore the reasons behind these
differences and develop preventive interventions for
high-risk patients.

INTRODUCTION
Poor glycemic control in children and adoles-
cents with type 1 diabetes mellitus (T1DM) is
common1 2 and associated with increased risk
for microvascular complications.3 4 While

many children experience deteriorating gly-
cemic control after the initial diagnosis, factors
that influence trajectories of glycemic control
among children and adolescents remain
poorly understood. The few studies that have
examined predictors of future glycemic
control in pediatric patients with T1DM have
been limited by the small sample size,5–10 a
focus on trajectories of glycemic control in
older children (>age 9) and adolescents,5–7 11–

13 and inclusion of only a limited number of
demographic variables.5–8 13 These limitations
have made it difficult to identify a ‘risk signa-
ture’ that can predict future deterioration in
glycemic control among youths.
Evidence suggests that poor control early

in the course of disease exerts long-lasting
effects on the risk for diabetes-related com-
plications (ie, the metabolic memory hypoth-
esis).14–16 Therefore, identifying patients at
high risk for poor glycemic control is import-
ant in order to proactively tailor aggressive
interventions, such as insulin pumps and
disease management, and prevent deterior-
ation in glycemic control. Unfortunately,
healthcare providers currently lack the tools
to identify patients at high risk for deteriorat-
ing glycemic control, making it difficult to
provide preventative care and avert a decline
in diabetes control.

Key messages

▪ Among pediatric patients with type 1 diabetes,
older age at diagnosis predicts deterioration in
glycemic control during the first 5 years after
diagnosis of type 1 diabetes. Trajectories of gly-
cemic control have not changed across different
treatment eras, despite the introduction of new
treatment technologies.

▪ Deterioration in glycemic control can be detected
before age 11.

▪ Non-Hispanic black children with type 1 diabetes
experience significantly greater deterioration over
time than non-Hispanic white children.
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To address this important gap in knowledge, we
assembled a large longitudinal database of T1DM care
from June 1, 1993 to June 1, 2009 at a single large US
tertiary care hospital. We then sought to identify demo-
graphic characteristics (age at diagnosis, gender, and
race) associated with worsening glycemic control during
the first 5 years after diagnosis of T1DM.

METHODS
Data source
Data were extracted from the Children’s Mercy Hospital
Type 1 diabetes in Pediatrics database (CMH T1P data-
base), which contains demographic, clinical, and labora-
tory data extracted from the electronic health records of
patients with T1DM seen at CMH (Kansas City, Missouri,
USA) and nine rural outreach locations since June 1, 1993.

Inclusion/exclusion criteria for data source
The primary criterion for inclusion in the T1P database
was a verifiable diagnosis of T1DM. First, individuals
with presumed T1DM were identified by an informatics
query of billing records (N=4095). Next, study personnel
reviewed the most recent diabetes clinic documentation
to confirm the clinical diagnosis of T1DM and to evalu-
ate for additional medical conditions. Patients were con-
sidered to have T1DM based on the diagnosis noted by
the provider in the record. Overall, 583 patients did not
have a verifiable diagnosis of T1DM (N=3512 included).
Exclusion criteria for the CMH T1P database included

(1) diagnosis of type 2 diabetes mellitus, confirmed
monogenic diabetes, cystic fibrosis-related diabetes, or
iatrogenic diabetes; (2) chronic medical conditions that
might result in a major change in glycemia (eg, systemic
steroid treatment) or measurement of glycated hemoglo-
bin (HbA1c; eg, chronic anemia or hemoglobinopathy);
and (3) the presence of chromosomal or other genetic
disorders (other than Down syndrome or Turner syn-
drome). In total, 89 individuals were excluded by these
criteria, leaving 3423 individuals in the T1P database.

Data collection for data source and study cohort
To create the T1P database, HbA1c data, race, and
gender self-reported by the family were obtained by an
informatics query of the electronic health record
(EHR). Race was specified in the EHR as white, black or
African American, Asian, American Indian or Alaska
Native, Native Hawaiian or Pacific Islander, Multi-racial,
or Other. Ethnicity was specified as Hispanic or
non-Hispanic. Age at onset of T1DM was obtained by
trained study personnel via chart review. When the date
of diagnosis was not clearly documented, study person-
nel defined the diagnosis date as the date after which
three criteria were met: (A) initiation of insulin therapy
was documented, (B) HbA1c was screened and reported
to be >6%, and (C) serum autoantibodies (anti-GAD,
ICA512/IA2, and/or insulin autoantibodies) screened
positive for T1DM. Patients not meeting the above

criteria were considered to have an unknown date of
diagnosis. After selection of the final cohort included
for the T1P database, a random sample of 100 charts
was reviewed to ensure accuracy of all extracted data,
which revealed 100% accuracy. For the present study,
patients were excluded if the date of T1DM onset was
unknown (n=425), or if patients had either of the follow-
ing: no HbA1c during the first 3 months (n=378) or no
HbA1c during months 4–12 after diagnosis (n=402). In
total, 2218 participants were evaluable by these criteria;
29 239 HbA1c assessments were available in total (figure
1). In order to ensure that only data representing near-
complete HbA1c trajectory curves were included in this
analysis, all HbA1c values recorded for a particular
patient after a monitoring gap of >12 months were
excluded from the present analysis (ie, the patients were
included, but data after the monitoring gap were
excluded). This criterion led to the exclusion of only
1135 HbA1c values (2%).

Variable definitions
Independent variables included patient age at diagnosis,
race, gender, and diagnostic era. Age at diagnosis was
also treated as a categorical variable and stratified into
the following groups: 0–4, 5–9, and ≥10 years. Diagnosis
era was also defined as a categorical variable, using the
following strata: pre-2000, 2000–2003, and 2004–2009, to
coincide with the diabetes center’s evolving policy to use
split-regimen dosing, multiple daily injections, or con-
tinuous subcutaneous insulin infusion, respectively, as
first-line therapy.
The dependent variable was the HbA1c trajectory over

the 5-year period after diagnosis. The trajectory of intra-
participant HbA1c values for each age group was con-
structed using third order polynomials and utilizing all
available HbA1c values obtained more than 1 month fol-
lowing initiation of insulin therapy. HbA1c during the
study period was measured in the CMH endocrine
laboratory using methodologies that evolved from 1993
to 2009. Initially, the Quik Sep manual ion exchange
column was utilized, followed by the introduction of the
BioRad diaStat (HPLC) in 1999, the BioRad Variant II
(HPLC) in 2001, the Primus PDQ (Boronate Affinity) in
2004, and the Tosoh G8 (HPLC) in 2008. The
point-of-care In2it (Boronate Affinity) was introduced in
2009 as an adjunct method of measurement (contem-
porary with the Tosh G8 HPLC) at certain CMH clinic
locations geographically separated from the endocrin-
ology laboratory at CMH. All instruments used from
1999 onward were certified by the National
Glycohemoglobin Standardization Program (NGSP) as
having documented traceability to the Diabetes Control
and Complications Trial (DCCT) Reference Method.

Statistical analysis
Baseline characteristics were compared across the diag-
nostic age categories. Categorical variables were exam-
ined as frequencies and compared using χ2 or Fisher’s
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exact test. Continuous variables were examined as
means (±SDs) and compared using one-way analysis of
variance. The p<0.05 was defined as the limit of statis-
tical significance. Results are reported as means (±SDs)
or mean (upper, lower 95% confidence limits) unless
otherwise specified.
Within-patient HbA1c trajectories were modeled using

hierarchical linear models, including a random inter-
cept by patients and fixed linear and polynomial coeffi-
cients. Mean trajectories were estimated within
prespecified patient subgroups. Trajectories were statis-
tically compared using multiple-DF likelihood ratio tests,
jointly testing all four cubic polynomial terms, and tra-
jectory shapes were compared by jointly testing the
linear, quadratic, and cubic terms. After examining
HbA1c trajectories, we noted an inflection point at
approximately 1.5 years postdiagnosis. Post hoc analysis
was performed to characterize the HbA1c rate of rise
over time (HbA1c slope) during the first 1.5 years after
diagnosis. Intraparticipant HbA1c slope was determined
using linear regression and utilizing all available HbA1c
values during the first 1.5 years postdiagnosis, with the
exception of HbA1c values obtained prior to initiation
of insulin therapy (ie, at or preceding diagnosis).
We next performed a series of stratified analyses to

determine whether HbA1c trajectories differed by
gender, race, or diagnosis era after controlling for the
age of diagnosis. In these analyses, intraparticipant
HbA1c trajectories were calculated and compared across
diagnostic age subgroups within each stratum for
gender, race, and diagnosis era using the statistical
methods described above. Formal interaction tests were
conducted for each of these factors with age at diagno-
sis. Finally, the association between age at diagnosis and

HbA1c trajectories was examined within strata based on
the first HbA1c level after the initiation of insulin
therapy (<7%, 7–9%, or >9% (<53, 53–75, or >75 mmol/
mol), respectively), to account for differences in initial
glycemic control. Analyses were performed using SAS,
V.9.3 (SAS Institute, Cary, North Carolina, USA).

RESULTS
Among the 2218 participants included in the present
analysis, 52.6% were male, 86.1% were non-Hispanic
Caucasian, 8.9% were non-Hispanic African-American,
and 5.0% were either of other race or Hispanic ethnicity.
At diagnosis, the mean age of the population was
9.0 years (±4.1), and the mean HbA1c was 11.9%
(±2.6%; 106.6±28 mmol/mol). HbA1c was assessed 2.4
(±0.9) times per year in the study population. The first
HbA1c after diagnosis was 7.7%±1.9% (60.7±20.8 mmol/
mol). Baseline characteristics for the population are
summarized in table 1.
We observed that the shapes of the HbA1c trajectory

curves over 5 years were significantly different among
diagnostic age groups (figure 2A; p<0.001 overall and
for shapes of the trajectory curves). In addition, we
noted an inflection point in the trajectory curves at
approximately 1.5 years postdiagnosis, with the greatest
rise in HbA1c occurring prior to the inflection point
(figure 2A). Patients diagnosed at age 0–4 years exhib-
ited little change in HbA1c, while the rate of rise in
HbA1c during the first 1.5 years after diagnosis
increased progressively as diagnostic age increased, with
the fastest rate of rise occurring in those 10 years old or
greater at the time of diagnosis (table 2).

Figure 1 Flow diagram of patients meeting inclusion/exclusion criteria for the present analysis (CMH, Children’s Mercy Hospital;

DM, diabetes mellitus; T1D, type 1 diabetes; HbA1c, glycated hemoglobin).
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In subgroup analyses, small yet statistically significant
differences were observed within gender subgroups
(figure 2B; p value for comparison of the HbA1c trajec-
tory curve shape across diagnostic age groups <0.0001
for males and <0.0001 for females). When results were
stratified by race, we found significant differences in the
shape of the HbA1c curves between non-Hispanic black
and non-Hispanic white youths (figure 2C; p value for
race/ethnicity×age interaction <0.001). Specifically, the
mean HbA1c during the 5 years after diagnosis was
greater among non-Hispanic black patients than among
non-Hispanic white patients overall (mean±SD=10.2%
±2.5 and 8.4%±1.4 (88.0±27.3 and 68.3±15.3 mmol/
mol), respectively; p<0.001), as well as within each diag-
nostic age subgroup (0–4-year-old group=9.6%±1.5 vs
8.3%±1.0 (81.4±16.4 vs 67.2±10.9 mmol/mol; p<0.001);
4–9-year-old group=9.8%±2.2 vs 8.2%±1.1 (83.6±24.0 vs
66.1±12.0 mmol/mol; p<0.001); 10-year-old or greater
group=10.6%±2.9 vs 8.5%±1.7, respectively (92.4±31.7 vs
69.4±18.6 mmol/mol; p<0.001)). Similarly, the rate of
rise for HbA1c during the first 1.5 years postdiagnosis
was greater among non-Hispanic black patients than
among non-Hispanic white patients within each sub-
group of diagnostic age (table 2). Nevertheless, the dif-
ferences among diagnostic age subgroups persisted in
both non-Hispanic white and black patients, with older
age at diagnosis being associated with a steeper rise in

HbA1c during the first 1.5 years postdiagnosis compared
with younger age at diagnosis (table 2).
When results were stratified by era of diagnosis, we

observed that the mean HbA1c within 5 years after diag-
nosis was lower in the most recent diagnostic era com-
pared with the older ones (mean±SD=8.9%±1.5 (73.8
±16.4 mmol/mol) for the pre-2000 era, 8.7%±1.6 (71.6
±17.5 mmol/mol) for the 2000–2003 era, and 8.1%±1.7
(65.0±18.6 mmol/mol) for the 2004–2009 era; p<0.001).
However, within each era, HbA1c trajectories over the
5 years after diagnosis continued to differ between diag-
nostic age subgroups to a similar extent compared with
the main model, with patients in the 10-year-old or
greater diagnostic age group experiencing greater
deterioration in glycemic control compared with
younger groups (figure 3A; p value for comparison of
the HbA1c trajectory shape across diagnostic age sub-
groups <0.001 in the pre-2000 era, p<0.001 in the 2000–
2003 era, p<0.001 in the 2004–2009 era). In addition,
the rate of rise in HbA1c during the first 1.5 years after
diagnosis continued to increase progressively with
increasing age across diagnostic eras (table 2).
Lastly, we observed a significant interaction between the

HbA1c trajectory, age at diagnosis, and initial HbA1c after
the initiation of insulin therapy (figure 3B; p<0.001).
Patients with lower initial HbA1c (<7% (53 mmol/mol))
after the initiation of insulin therapy tended to have a

Table 1 Baseline characteristics

Parameter

Age at diagnosis (years)

p Value

0–4

n=442

5–9

n=794

10–20

n=982

All patients

n=2218

Gender 0.227

Male 239 (54.1%) 398 (50.1%) 529 (53.9%) 1166 (52.6%)

Female 203 (45.9%) 396 (49.9%) 453 (46.1%) 1052 (47.4%)

Race 0.056

Non-Hispanic white 369 (83.5%) 703 (88.5%) 838 (85.3%) 1910 (86.1%)

Non-Hispanic black 43 (9.7%) 56 (7.1%) 98 (10.0%) 197 (8.9%)

Other 30 (6.8%) 35 (4.4%) 46 (4.7%) 111 (5.0%)

Diagnosis age 2.9±1.3 7.7±1.4 12.8±1.9 9.0±4.1 <0.001

Number of HbA1c assessments per year over

the first 5 years

2.4±0.9 2.4±0.8 2.4±0.9 2.4±0.9 0.890

Average HbA1c over the first 5 years NGSP%

(IFCC mmol/mol)

8.4%±1.2

(68.3±13.1)

8.3%±1.3

(67.2±14.2)

8.7%±2.0

(71.6±21.9)

8.5±1.6 (69.4

±17.5)

<0.001

HbA1c at diagnosis 11.0±2.4 11.7±2.4 12.5±2.7 11.9±2.6 <0.001

Initial HbA1c after initiation of insulin therapy 8.4±1.5 7.6±1.5 7.5±2.2 7.7±1.9 <0.001

Initial HbA1c after initiation of insulin therapy

(sample size for each HbA1c stratum)

<0.001

<7% (<53 mmol/mol) 82 (18.6%) 293 (36.9%) 496 (50.5%) 871 (39.3%)

7–9% (53–75 mmol/mol) 226 (51.1%) 385 (48.5%) 329 (33.5%) 940 (42.4%)

>9% (>75 mmol/mol) 134 (30.3%) 116 (14.6%) 157 (16.0%) 407 (18.3%)

Diagnosis year 0.067

Pre-2000 172 (38.9%) 285 (35.9%) 309 (31.5%) 766 (34.5%)

2000–2003 112 (25.3%) 201 (25.3%) 270 (27.5%) 583 (26.3%)

2004–2009 158 (35.7%) 308 (38.8%) 403 (41.0%) 869 (39.2%)

HbA1c, glycated hemoglobin; NGSP, National Glycohemoglobin Standardization Program; IFCC, International Federation of Clinical
Chemistry and Laboratory Medicine.
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significant rise in HbA1c during the first 1.5 years after
diagnosis across all diagnostic age groups (overall yearly
rise in HbA1c=1.83% (1.72 to 1.94) (20.0 mmol/mol (18.8
to 20.2)). The rate of HbA1c rise was still significant but
less steep among patients with baseline HbA1c between
7% (53 mmol/mol) and 9% (75 mmol/mol) (0.81%
(0.69 to 0.92) (8.9 mmol/mol (7.5 to 10.1))). Among
patients with baseline HbA1c greater than 9% (75 mmol/
mol), glycemic control was either stable or improved
during the first 1.5 years after diagnosis (yearly decline
overall=−0.68% (−0.87 to −0.49) per year (−7.4 mmol/
mol (−9.5 to −5.3); table 2)). Nevertheless, the effect of
age at diagnosis persisted in each baseline HbA1c subcat-
egory, with younger patients having better glycemic
control than older patients (for the HbA1c trajectory

curve shape, p<0.001 across diagnostic ages within the
<7% (<53 mmol/mol) subgroup, p<0.001 across age strata
within the 7–9% (53–75 mmol/mol) subgroup, and
p<0.001 across age strata within the >9% (>75 mmol/mol)
subgroup).

DISCUSSION
In this large cohort of patients with T1DM, we found
that age at diagnosis was significantly associated with
future deterioration in glycemic control. Specifically, our
data show that patients diagnosed at older ages, despite
achieving better initial glycemic control after the initi-
ation of insulin therapy, experienced greater deterior-
ation in glycemic control during the first 5 years after

Figure 2 Glycated hemoglobin

(HbA1c) trajectory among

children after diagnosis of type 1

diabetes stratified by diagnostic

age (A), by sex and diagnosis

age (B), and by race and

diagnostic age (C). (A) p<0.001

for trajectory comparison across

diagnostic age subgroups. (B)

HbA1c trajectory by diagnostic

age for males (left) and females

(right). p<0.0001 for

sex×diagnostic age interaction.

(C) HbA1c trajectory by

diagnostic age for white patients

(left), black patients (middle), and

other minorities (right). p<0.001

for race/ethnicity×diagnostic age

interaction. Solid line=age at

diagnosis 0–4 years, dashed

line=age at diagnosis 5–9 years,

and dotted line=age at diagnosis

≥10 years.
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diagnosis than younger patients. Importantly, these pat-
terns of greater deterioration in glycemic control among
older patients were observed despite previous ADA
guidelines recommending stricter glycemic control
among older children during the study period,17 and
persisted after adjusting for age-based differences in gly-
cemic control shortly after the initiation of insulin treat-
ment. Notably, current ADA guidelines were modified in
201418 and are now consistent with long-standing ISPAD
guidelines in recommending the same target for gly-
cemic control among all children.19 There were also
marked differences in the HbA1c trajectory based on
race, with non-Hispanic black patients exhibiting (1) a
higher mean HbA1c overall, and (2) a steeper rise in
HbA1c both overall and within each age-at-diagnosis sub-
group. Despite the fact that both the initial and mean
HbA1c values improved in the recent treatment eras,
the relationship between age at diagnosis and the
HbA1c trajectory remained unchanged. Finally, while
the HbA1c trajectory differed based on initial HbA1c
after the initiation of insulin therapy, age at diagnosis
continued to be independently associated with glycemic
control in each baseline HbA1c subcategory.
Our findings should be interpreted in the context of

several limitations, including the fact that the patient
population for this study was drawn from a single

pediatric medical center. The results may therefore not
be generalizable to the rest of the US T1DM patient
population. In addition, the possibility of residual con-
founding in this observational study cannot be excluded.
For example, we did not have detailed information on
socioeconomic status or family structure, which may
interact with diagnostic age or race. Similarly, we had no
information on pubertal status and incidence of severe
hypoglycemia, which could influence glycemic control.
In the existing literature, there have been few studies

that have focused on identifying risk factors that predict
deterioration in glycemic control among youths with
T1DM. The studies that have included longitudinal data
focused primarily on older children/adolescents with
T1DM, with few children below age 9. In one study of
German adolescents, researchers found that high family
conflict and low self-esteem predicted poorer future gly-
cemic control among adolescents.7 Similarly, other
studies in the USA have revealed that problems related
to adherence,5 6 20 parental support and
problem-solving skills,5 21 family structure,9 peer or
family conflict,5 22 depression,5 23 disturbed eating
behavior,5 self-efficacy,24 and parental stress8 each either
correlate with poor mean glycemic control or predict
future deterioration in glycemic control among adoles-
cents. In SEARCH and other studies, a number of

Table 2 Rate of rise for HbA1c during the first 1.5 years postdiagnosis

Stratification (years) HbA1c slope (±95% CI)*

Interaction

p Value†

By age

0–4 0.15 (−0.02 to 0.32)

5–9 0.87 (0.74 to 1.00)

≥10 1.69 (1.58 to 1.80)

p Value‡ <0.0001

By race×age Black White Other p<0.001

Overall 2.04 (1.77 to 2.31) 0.99 (0.91 to 1.08) 1.38 (1.01 to 1.75)

0–4 0.19 (−0.26 to 0.64) 0.10 (−0.044 to 0.24) 0.70 (0.18 to 1.21)

5–9 1.60 (1.18 to 2.02) 0.81 (0.70 to 0.92) 1.16 (0.61 to 1.70)

≥10 3.04 (2.60 to 3.48) 1.52 (1.38 to 1.67) 2.00 (1.34 to 2.66)

p Value‡ <0.0001 <0.0001 0.01

By diagnostic era×age pre-2000 2000–2003 2004–2009 p<0.001

Overall 0.92 (0.79 to 1.05) 0.94 (0.78 to 1.09) 1.36 (1.23 to 1.48)

0–4 −0.07 (−0.28 to 0.13) 0.10 (−0.15 to 0.36) 0.42 (0.18 to 0.65)

5–9 0.77 (0.59 to 0.94) 0.76 (0.55 to 0.98) 1.02 (0.85 to 1.19)

≥10 1.59 (1.36 to 1.83) 1.43 (1.16 to 1.70) 1.93 (1.71 to 2.14)

p Value‡ <0.0001 <0.0001 <0.0001

By initial HbA1c×age§ <7% (<53 mmol/mol) 7–9%(53–75 mmol/mol) >9% (>75 mmol/mol) p<0.001

Overall 1.83 (1.72 to 1.94) 0.81 (0.69 to 0.92) −0.68 (−0.87 to −0.49)
0–4 1.15 (0.81 to 1.48) 0.33 (0.13 to 0.53) −0.99 (−1.40 to −0.59)
5–9 1.56 (1.38 to 1.74) 0.55 (0.40 to 0.71) −0.63 (−1.11 to −0.16)
≥10 2.08 (1.94 to 2.21) 1.42 (1.25 to 1.60) 0.45 (−0.90 to 0.00)

p Value‡ <0.0001 <0.0001 0.19

*Slope=ΔHbA1c/year (shown for NGSP (%) units only; NGSP*10.93=ΔHbA1c in SI/IFCC units (mmol/mol)).
†p Value for the interaction term testing whether the shape of the trajectory curve for each age-at-diagnosis subgroup changes across
subgroups for the additional stratification variable (eg, race, diagnostic era, or initial HbA1c).
‡p Values represent comparison of slopes across the 3 diagnostic age subgroups (0–4, 5–9, and ≥10 years).
§Initial HbA1c=first HbA1c value obtained after initiation of insulin therapy.
HbA1c, glycated hemoglobin; NGSP, National Glycohemoglobin Standardization Program.
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demographic and socioeconomic variables including
race, uninsured status, lower parental education, and
single-parent household were found to be associated
with the level of glycemic control measured among
youth, which was supported by the present analysis.1 9 25 26

Our study substantially extends prior existing literature
by recruiting a much larger sample of patients with
T1DM from all ages, and by providing a more detailed
analysis over a longer period of time and across multiple
subgroups. First, our analysis expands beyond that per-
formed in the SEARCH study, because we define gly-
cemic trajectories over 5 years postdiagnosis, while
SEARCH correlated their demographic variables with a
single measure of HbA1c for patients.1 Second, although
adolescence is commonly recognized as a time of signifi-
cant physiological, cognitive, social, emotional, and psy-
chological change,27 28 children of all ages can
experience rapid changes in these domains, making it
important to recruit a broad age range of youth in order
to fully appreciate how glycemic control can change
across childhood. In addition to observing deterioration
in glycemic control among adolescents (age 10–20), as
has been observed in previous studies, in our data we

found a significant risk for postdiagnosis deterioration
in glycemic control among preteenage youth (age 5–9)
diagnosed with T1DM. Third, we also found a signifi-
cantly increased risk for deterioration in glycemic
control among non-Hispanic black youths. Since black
patients with T1DM exhibit a higher risk for diabetes-
related complications than Caucasians,29–31 our current
findings are particularly significant and may guide pre-
ventative interventions with these patients. Finally, our
data suggest that therapeutic advances in diabetes clin-
ical management have not had a significant impact on
the influence of age and race on the trajectory of gly-
cemic control, despite the association between recent
diagnosis and overall better glycemic control. There are
multiple possible explanations for the associations that
we observed between deterioration in glycemic control
and both diagnostic age and race. We suspect that the
specific influence that diagnostic age may have on
youths’ glycemic control is mediated by other factors,
including a dip in patients’ motivation and/or
decreased parental supervision earlier after diagnosis,
leading to a subsequent drop in their adherence to
recommended glucose monitoring and insulin therapy.

Figure 3 Glycated hemoglobin (HbA1c) trajectories among children during the first 5 years after diagnosis of type 1 diabetes,

stratified by diagnostic era and diagnostic age (A), and by initial HbA1c after the initiation of insulin therapy (B). (A) HbA1c

trajectories by diagnostic age for individuals diagnosed before 2000 (left), 2000–2003 (middle), and 2004–2009 (right).

A p<0.0001 for diagnostic era×diagnostic age interaction. (B) HbA1c trajectories by diagnostic age for individuals with initial

HbA1c after initiation of insulin therapy <7% (<53 mmol/mol; left), 7–9% (53–75 mmol/mol; middle), or >9% (>75 mmol/mol; right).

A p<0.0001 for initial A1c×diagnostic age interaction (B). Solid line=age at diagnosis 0–4 years, dashed line=age at diagnosis

5–9 years, and dotted line=age at diagnosis ≥10 years.
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Like diagnostic age, we suspect that race may influence
glycemic control via multiple pathways, some of which
may be amenable to treatment such as adherence,
adjustment to T1DM, and perceived support for T1DM.
Although not addressed in the present study, it is recog-
nized that the trajectory of glycemic control is also likely
to be influenced by additional disease-specific factors,
such as the loss of residual β-cell function with increas-
ing disease duration,32 and/or the development of
insulin resistance related to puberty.33 34 Notably, we do
not think that residual β-cell function (ie, ‘the honey-
moon phase’) can adequately explain all of the observed
association between diagnostic age and subsequent
deterioration in glycemic control. Younger children
experience less deterioration in glycemic control after
diagnosis, despite the fact that residual β-cell function is
lower in younger children (at least down to age 7),35

and the ‘honeymoon phase’ is lost as fast or faster in
younger children.35 36 We acknowledge that puberty
likely explains some of the deterioration after diagnosis
in youths 5–9 years old. However, in that age group, the
majority of the deterioration in glycemic control
occurred during the first 2 years postdiagnosis, such that
even 8-year-olds and 9-year-olds newly diagnosed with
T1DM experienced significant deterioration by ages 10
and 11, respectively. In contrast, previous data suggest
that the mean age of true pubertal onset for boys and
girls with T1DM may be later, at 12.2 and 11.5 years,
respectively.37 Regardless, declining glycemic control
occurs despite efforts by the patients’ healthcare provi-
ders to intensify insulin therapy during puberty. It seems
plausible that factors impacting adherence to intensified
diabetes treatment regimens strongly influence patients’
and providers’ success in mitigating the effects of
puberty on insulin needs and glycemic control. Future
studies should examine all potential mediators of gly-
cemic control in youth as this additional information
would help with developmentally targeted intervention
development.
The present findings are clinically important because

we have identified several groups of patients; including
non-Hispanic black patients diagnosed with T1DM at
any age, non-black patients diagnosed at ages ≥ 10, and
even non-black patients diagnosed at ages 5–9, who
exhibit higher risk for future deterioration in glycemic
control. Each group may benefit from closer attention
and follow-up following diagnosis. While one might
assume that the introduction of new technology related
to insulin delivery and glucose monitoring would
improve glycemic control, our findings suggest that
these innovations may not impact trajectories of control
among young patients with T1DM. This suggests that the
introduction of future therapeutic innovations in dia-
betes care to this population may not eliminate age-
based and race-based disparities in glycemic control.
Multidisciplinary care teams and tailored behavioral
interventions may be effective, but these need to be eval-
uated in future prospective studies.35

In summary, older age at diagnosis and black race are
significantly associated with greater deterioration in
HbA1c control following diagnosis. These findings form
the foundation for future studies to better define critical
risk predictors for deterioration in glycemic control and
eventually develop effective intervention strategies in
high-risk patients with T1DM.
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