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Hemoglobin A1c (HbA1c) changes over
time among adolescent and young adult
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Objective: Hemoglobin A1c (HbA1c) levels among individuals with type 1
diabetes (T1D) influence the longitudinal risk for diabetes-related
complications. Few studies have examined HbA1c trends across time in
children, adolescents, and young adults with T1D. This study examines
changes in glycemic control across the specific transition periods of
pre-adolescence-to-adolescence and adolescence-to-young adulthood, and the
demographic and clinical factors associated with these changes.
Research Design and Methods: Available HbA1c lab results for up to 10 yr
were collected from medical records at 67 T1D Exchange clinics. Two
retrospective cohorts were evaluated: the pre-adolescent-to-adolescent cohort
consisting of 85 016 HbA1c measurements from 6574 participants collected
when the participants were 8–18 yr old and the adolescent-to-young adult
cohort, 2200 participants who were 16–26 yr old at the time of 17 279 HbA1c
measurements.
Results: HbA1c in the 8–18 cohort increased over time after age 10 yr until
ages 16–17; followed by a plateau. HbA1c levels in the 16–26 cohort
remained steady from 16–18, and then gradually declined. For both cohorts,
race/ethnicity, income, health insurance, and pump use were all significant in
explaining individual variations in age-centered HbA1c (p < 0.001). For the
8–18 cohort, insulin pump use, age of onset, and health insurance were
significant in predicting individual HbA1c trajectory.
Conclusions: Glycemic control among patients 8–18 yr old worsens over
time, through age 16. Elevated HbA1c levels observed in 18 yr-olds begin a
steady improvement into early adulthood. Focused interventions to prevent
deterioration in glucose control in pre-adolescence, adolescence, and early
adulthood are needed.
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Children and adolescents with type 1 diabetes (T1D)
often fail to achieve age-specific targets for glycemic
control. Prior to the 2014 revision to American
Diabetes Association (ADA) targets for children’s
glycemic control, 60–90% of children <6 yr old
achieved their target hemoglobin A1c (HbA1c).
That number dropped to 13–29% among children
>12 yr old, whose previous ADA recommended
HbA1c targets were stricter (1–3). The ADA recently
adopted the International Society for Pediatric and
Adolescent Diabetes (ISPAD) HbA1c target of 7.5%
(58 mmol/mol) for all children (4, 5), making it likely
that even fewer youth will achieve their target in the
near term. Cross-sectional data from the SEARCH
for Diabetes in Youth Study reveal the highest HbA1c
levels among pediatric patients with T1D are seen
in adolescents (6). Similarly, the T1D Exchange
has recently reported cross-sectional data indicating
that mean HbA1c levels are higher in 13–17 and
18–25 yr olds than in either younger or older registry
participants (7).

Despite current evidence, exactly how individuals’
HbA1c levels change across the developmental
continuum from pre-adolescence to young adulthood
remains poorly understood, due in part to the relatively
scant longitudinal data in this population. Even less
well understood are the demographic, psychological,
social, and clinical care factors that predict future
deterioration in blood glucose control. These issues
highlight a critical gap in knowledge: identifying
additional predictors of future deterioration in
glycemic control is necessary before interventions
designed to preclude future declines in disease control
can be developed and tested.

We begin to address this gap in knowledge
by applying growth curve models to characterize
individual patient-level changes in glycemic control
across the continuum from childhood to early
adulthood, using longitudinal HbA1c data from the
large population of pediatric and young adult patients
enrolled in the T1D Exchange clinic registry (7).
We hypothesize that age at diagnosis, race/ethnicity,
gender, household income, insulin delivery method,

and insurer/insurance status are each associated
with changes in glycemic control across the specific
transitions of pre-adolescence-to-adolescence and
adolescence-to-young adulthood.

Research design and methods

The T1D Exchange Clinic Network includes 75 US-
based pediatric and adult endocrinology practices
(Appendix S2, Supporting Information) (7). Each clinic
received approval from an institutional review board
(IRB). Informed consent was obtained according
to IRB requirements from adult participants and
parents/guardians of minors; assent from minors
was obtained as required. Data were collected for
the registry’s central database from the participant’s
medical record and by having the participant or
parent complete a comprehensive questionnaire, as
previously described (7). This report includes data on
participants from 67 T1D Exchange centers enrolled
between September 2010 and July 2012 (Appendix S1,
Supporting Information).

Two retrospective cohorts were constructed from
the registry of participants diagnosed to have T1D
prior to 8 yr old with T1D duration 2 yr or more:
the pre-adolescent-to-adolescent cohort consisting of
HbA1c measurements collected when the participant
was 8–18 yr old (N = 6574 with at least one HbA1c
measurement collected in this age range), and the
adolescent-to-young adult cohort, when the participant
was 16–26 yr old at HbA1c collection (N = 2200 with
at least one HbA1c measurement collected in this age
range). Overlap between the populations at 16–18 yr
old was allowed (N = 1778 with at least one HbA1c
measurement collected in both age ranges) so that the
pre-adolescent-to-adolescent and adolescent-to-young
adult cohorts could be more easily compared to the
findings of previous studies (8–13). Mean age at
T1D onset was about 4 yr in both cohorts. Clinical
characteristics at enrollment in each age cohort are
shown in Table 1.

HbA1c values [mainly measured with point-of-care
(POC) devices via DCA, other POC, or lab] were
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Table 1. Participant characteristics at enrollment

Ages 8–18
cohort

(N = 6574)

Ages 16–26
cohort

(N = 2200)

Gender: Female 3279 (50%) 1171 (53%)
Race/ethnicity

White Non-Hispanic 5236 (80%) 1826 (84%)
Black Non-Hispanic 339 (5%) 97 (4%)
Hispanic or Latino 624 (10%) 173 (8%)
Other Race/Ethnicity 336 (5%) 88 (4%)

Age of onset (yr)
Mean ± standard deviation 4.2 ± 2.0 4.2 ± 2.1
0–<2 885 (13%) 292 (13%)
2–<4 1572 (24%) 490 (22%)
4–<6 2042 (31%) 690 (31%)
≥6 2075 (32%) 728 (33%)

Body weight*
Normal/underweight 4066 (63%) 1094 (55%)
Overweight 1450 (23%) 597 (30%)
Obese 866 (14%) 291 (15%)

Household income
Less than $35 000 929 (20%) 354 (25%)
$35 000–<$50 000 492 (11%) 177 (13%)
$50 000–<$75 000 758 (16%) 225 (16%)
$75 000–<$100 000 848 (18%) 224 (16%)
≥$100 000 1597 (35%) 416 (30%)

Health insurance
Private 4238 (73%) 1351 (78%)
Other 1506 (26%) 412 (23%)
No insurance 29 (<1%) 18 (1%)

Insulin delivery method
Pump 4088 (62%) 1312 (60%)
Injection 2457 (38%) 878 (40%)

Average number of A1c per year†
Mean ± standard deviation 2.7 ± 0.8 2.3 ± 0.9

HbA1c, hemoglobin A1c.
*Body weight categories defined from body mass index
(BMI) percentiles calculated based on body weight, height,
gender, and age from the Centers for Disease Control and
Prevention growth charts from 2000. The following body
weight categories were assigned as follows: obese if BMI
percentile ≥95, overweight if BMI percentile ≥85 but <95,
and normal weight/underweight if BMI percentile is <85.
†The variable was a single unweighted value for each
individual, derived by dividing total number of HbA1c
measurements by total number of years with non-missing
HbA1c.

obtained from the clinic medical record. For each
participant, up to 10 yr of HbA1c measurements were
included. The median [25th percentile, 75th percentile
(interquartile range)] number of years of HbA1c data
from the earliest value to the last value was 3.5 yr (1.6
to 5.9) for the 8–18 cohort and 1.9 yr (0.8 to 3.7) for
the 16–26 cohort. The median (interquartile range)
number of HbA1c measurements per participant was
11 (5–19) for the 8–18 cohort and 6 (3–11) for the
16–26 cohort for a total of 85 016 and 17 279 HbA1c
measurements, and 29 855 and 7055 person years of
follow up, respectively.

Statistical methods

Growth curve models were employed to parameterize
the patterns of HbA1c over time in each cohort.
General linear mixed models were fit to repeated
measurements of HbA1c by including only polynomial
functions of age in the unconditional models. Linear
age was specified as a random effect, thereby allowing
variation in linear age among individuals. The age
variable was centered at 13 for the 8–18 cohort and
at 21 for the 16–26 cohort to alleviate potential
multicollinearity. Likelihood ratio tests were used
to compare alternative specifications to arrive at a
best fitting model. A multivariable model was then
fit on demographic variables (gender, race/ethnicity),
income, health insurance, age at onset, pump use
at the time of HbA1c measurement, and annual
mean number of HbA1c measurements. Effects of
these factors were estimated on the polynomial age
parameters by including interaction terms in the model.
The interaction between each factor and the linear age
term was assessed; interaction terms with p > 0.01 were
removed from the model using a backward elimination
procedure. Interactions with higher power polynomial
age terms were assessed if the lower power interaction
terms remained in the model. Prototypical plots were
used to illustrate the effects of factors on the trajectory
of HbA1c for factors with significant interaction terms.

Data analysis used sas version 9.3 (2011 SAS
Institute Inc., Cary, NC, USA). All p-values are
two-sided. In view of the multiple comparisons and
large sample size, only p-values <0.01 were considered
significant.

Results

For the 6574 participants in the 8–18 cohort, the
unconditional models of HbA1c trajectories indicated
that among all age polynomials, a fourth degree poly-
nomial was best-fitting based on likelihood ratio tests.
As illustrated in Fig. 1A, B, the average HbA1c
trajectory in the 8–18 cohort started from 8.2%
(66 mmol/mol) at age 8, remained relatively stable until
age 10 yr, increased over time until between ages 16 and
17 yr, followed by another stable period. The estimated
trajectory closely follows the mean of the raw HbA1c
data values at each time point (Fig. 1A, B). Estimates
of all age random effects were statistically significant
(p < 0.001), which indicates that individuals varied by
their HbA1c growth trajectories. The best fitting spec-
ification of the data for the 16–26 cohorts was a third
degree polynomial of age. In the 16–26 cohort (Fig. 1C,
D), HbA1c levels started from 8.9% (74 mmol/mol) at
age 16 yr, remained relatively stable until age 18 yr, and
then started a long decline to 8.2% (66 mmol/mol) at age
26 yr. The estimated trajectory closely follows the mean
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Fig. 1. (A) Mean hemoglobin A1c (HbA1c) trajectory from 8 to 18 yr with distribution of raw HbA1c by age. (B). Mean HbA1c trajectory
from 8 to 18 yr of age with mean raw HbA1c by age. Solid black line, growth model predicted mean HbA1c. Dotted black line, participant
mean HbA1c (raw data). (C) Mean HbA1c trajectory from 16 to 26 yr of age with distribution of raw HbA1c by age. (D) Mean HbA1c
trajectory from 16 to 26 yr of age with mean raw HbA1c by age. Solid black line, growth model predicted mean HbA1c. Dotted black line,
participant mean HbA1c (raw data).
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Fig. 1. Continued.

of the raw HbA1c data values until about age 20 yr,
after which the estimated model tends to deviate from
the decline seen in the raw HbA1c data values (Fig. 1C,
D). Similar to the findings for the 8–18 cohort, the age
random effects also were significant (p < 0.001). Indi-
vidual subjects in the 16–26 cohort had considerable
variations around the average cohort trajectory.

In both cohorts, race/ethnicity, income, health
insurance, and pump use were all clinically and sta-
tistically significant in explaining individual variations
in the age-centered HbA1c value (i.e. HbA1c at age
13 yr and 21 yr for the 8–18 cohort and 16–26 cohort,
respectively) (p < 0.001; Table 2). Table 2 shows
the age-centered HbA1c average for each predictor
category while adjusting for all other factors in the
model. Non-Hispanic African Americans had the
highest age-centered HbA1c among all racial/ethnic
groups. A monotonic relationship was observed for
household income with higher incomes associated with
continually lower age-centered HbA1c values. Pri-
vately insured individuals also had lower age-centered
HbA1c when compared to those with non-private
insurance. Pump users had lower age-centered HbA1c
compared with injection users. In both cohorts, results
did not vary by the average number of available
HbA1c measurements per year (p = 0.09 and p = 0.24
for the 8–18 and 16–26 cohorts, respectively).

For the 6574 participants in the 8–18 cohort, insulin
delivery method, age of onset, and type of health insur-
ance were significant in predicting individual HbA1c
trajectory (Fig. 2A–C). Participants on pumps tended
to experience a slightly slower increase in HbA1c
than participants using injections (p = 0.005 for the
interaction of pump use and cubic age); however the
trajectories remained fairly parallel (Fig. 2A). The
older a participant was when diagnosed with T1D,
the faster the HbA1c values increased over the age
range and the quicker the HbA1c values eventually

plateaued (p = 0.009 for the interaction of age of
onset and quadratic age); however, HbA1c values
remained fairly similar across the age range (Fig. 2B).
HbA1c values increased more slowly in participants
with private insurance vs. participants without private
insurance (p < 0.001 for the interaction of insurance
status and quadratic age; Fig. 2C).

Discussion

We have shown that, in a large registry population
from 67 centers across the US, glycemic control among
patients 8–18 yr old worsens over time, except for short
periods of relative stability (but different mean HbA1c
levels) between ages 8–10 and 16–18. Data in the
16–26-yr-old cohort extend these findings by demon-
strating that the markedly elevated HbA1c levels
observed in 16–18 yr-olds begin a steady improve-
ment into early adulthood. We further found that
race/ethnicity, income, insulin delivery method, and
type of insurance are each associated with mean age-
centered HbA1c for both the 8–18 and 16–26-yr-old
cohorts, with non-Hispanic African American par-
ticipants experiencing the highest mean age-centered
HbA1c, whereas mean HbA1c values were similar
among non-Hispanic White and Hispanic/Latino indi-
viduals. In contrast, gender failed to show a clinically
significant association with mean age-centered HbA1c.
Importantly, insulin delivery method, age of onset,
and type of insurance each showed an association with
change in glycemic control over time in the 8–18-yr-old
cohort, with injection use, older age at onset, and
non-private insurance each associated with greater
deterioration in HbA1c over time. Finally, we found
that the number of HbA1c measurements per year was
not associated with deterioration in glycemic control,
although the average number of HbA1c measurements
per year (<3) was lower than recommended.
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Table 2. Adjusted age-centered mean HbA1c by demographic factor

Ages 8–18 cohort Ages 16–26 cohort

HbA1c mean at
age 13 yr* (mmol/mol)

95% Confidence
interval (mmol/mol)

HbA1c mean
at age 21 yr†(mmol/mol)

95% Confidence
interval (mmol/mol)

Gender
Male 8.76 (72) 8.69, 8.82 (71, 73) 9.00 (75) 8.76, 9.16 (73, 77)
Female 8.83 (73) 8.77, 8.89 (73, 74) 9.07 (76) 8.89, 9.26 (74, 78)
P-value 0.009 0.39

Race/ethnicity
White Non-Hispanic 8.53 (70) 8.49, 8.58 (69, 70) 8.79 (73) 8.67, 8.91 (71, 74)
Black Non-Hispanic 9.34 (78) 9.22, 9.47 (77, 80) 9.41 (79) 9.00, 9.83 (75, 84)
Hispanic or Latino 8.61 (71) 8.51, 8.70 (70, 72) 8.79 (73) 8.49, 9.09 (69, 76)
Other race/ethnicity 8.70 (72) 8.57, 8.82 (70, 73) 9.07 (76) 8.65, 9.48 (71, 80)
P-value <0.001 0.002

Household income
<$35 000 9.07 (76) 9.00, 9.15 (74, 76) 9.41 (79) 9.19, 9.62 (77, 82)
$35 000–<$50,000 8.90 (74) 8.80, 8.99 (73, 74) 9.08 (76) 8.82, 9.35 (73, 79)
$50 000–<$75,000 8.81 (73) 8.73, 8.90 (72, 74) 8.94 (74) 8.69, 9.20 (71, 77)
$75 000–<$100 000 8.70 (72) 8.61, 8.78 (71, 72) 8.89 (74) 8.62, 9.15 (71, 76)
≥$100 000 8.49 (69) 8.41, 8.56 (68, 70) 8.76 (72) 8.53, 9.00 (70, 75)
P-value <0.001 <0.001

Health insurance
Private 8.65 (71) 8.59, 8.71 (70, 72) 8.84 (73) 8.66, 9.03 (71, 75)
Other/no insurance 8.94 (74) 8.86, 9.02 (73, 75) 9.19 (77) 8.96, 9.41 (74, 79)
P-value <0.001 <0.001

Insulin delivery method at HbA1c measurement
Pump 8.67 (71) 8.61, 8.73 (71, 72) 8.83 (73) 8.64, 9.02 (71, 75)
Injection 8.98 (74) 8.92, 9.04 (74, 75) 9.29 (78) 9.11, 9.48 (76, 80)
P-value <0.001 <0.001

HbA1c, hemoglobin A1c.
*Adjusted for remaining factors in the table in addition to: fourth degree age polynomials, age at diagnosis, age*age at
diagnosis, age2*age at diagnosis, insurance status, age*insurance status, age2*insurance status, insulin delivery method,
age*insulin delivery method, age2*insulin delivery method, age3*insulin delivery method.
†Adjusted for remaining factors in the table in addition to: third degree age polynomials.

Growth curve or ‘trajectory’ analysis allows mea-
surement of between-person differences in within-
person change over time (14). Using this approach, this
study reveals a non-linear worsening of glycemic con-
trol from age 8 to age 16 yr, with a period of relative sta-
bility form age 16 to age 18 yr, followed by a continuous
non-linear improvement in HbA1c from age 18 to age
26. These associations with trajectory of glycemic con-
trol have not been reported for a large USA T1D pop-
ulation before. In fact, few national or multi-national
registries have performed developmental growth curve
analysis of patients’ HbA1c change over time; previous
large registry studies have primarily reported age-based
differences in mean HbA1c across their populations.
Several large non-USA population-based registry stud-
ies have previously demonstrated that population
means for glycemic control by age increase across
adolescence (15–18). One study found that among
Danish children with T1D, mean glycemic control by
age increased from 5–10, 10–15, and 15–18 yr old,
respectively, among individuals utilizing insulin pump
therapy or multiple daily injections. Glycemic control
across the adolescent-to-adult transition was not ana-
lyzed. The authors further found that improvements

in mean HbA1c from insulin pump therapy varied by
duration of therapy (yr) and by age. A longitudinal
study of youth with T1D in Slovenia found an increase
in median HbA1c among adolescents compared to
younger children (19). That study did consider within-
patient change in HbA1c over time, but continuous tra-
jectories of HbA1c by age were not reported. Analysis
of patients 1–19 yr old from the SWEDIABKIDS reg-
istry revealed that individuals with the highest HbA1c
were older and had longer diabetes duration. Similarly,
a study of children/adolescents in the German/Austrian
DPV initiative revealed that mean HbA1c among chil-
dren/adolescents varied by duration of diabetes and
by age, with HbA1c remaining stable from ages 3–7
yr, increasing from ages 7–16 yr, and improving from
ages 16–20 yr (16). A second study derived from the
DPV initiative found that mean glycemic control in
children/adolescents worsened among two-thirds of
children from ‘pre-puberty’ (age <13 yr) to ‘puberty’
(age 13–20 yr) and continued to worsen in one-third
of teens from puberty to ‘post-puberty’ (age >20 yr)
(17). Differences in mean HbA1c by age exist among
these various population registries and this study. For
instance, in the DPV initiative, mean HbA1c at age 8
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Fig. 2. (A) Prototypical hemoglobin A1c (HbA1c) trajectories for method of insulin delivery among the 8–18 cohort. Solid black line, pump
users. Dotted black line, multiple daily injection users. (B) Prototypical HbA1c trajectories for T1D onset at 2, 4, 6 yr of age among the 8–18
cohort. Solid black line, 2 yr age at onset, Short dotted black line, 4 yr age at onset, Long dotted black line, 6 yr age at onset. (C) Prototypical
HbA1c trajectories for type of health insurance among the 8–18 cohort, Solid black line, Private insurance. Dotted black line, Other/no
insurance.

was approximately 7.5%, and rose to 8.6–8.7% by age
16, whereas in this study those values were approxi-
mately 8.2% and 8.9%, respectively (16). This suggests
that the trajectories in other populations may differ
in some respects, with either greater or lesser change
across the transitions from pre-adolescence to adoles-
cence and from adolescence to young adulthood.

Several longitudinal observational studies in smaller
cohorts have characterized trajectories of glycemic
control during adolescence (8–10), but few have
described the trajectory of glycemic control across the
transition from childhood to adolescence (11). One
study indicated that HbA1c rises modestly from ages
5–10 yr old in healthy non-diabetic children (20). Sim-
ilarly, only a few smaller studies (n = 72 and n = 117,
respectively) have characterized change in glycemic
control across the transition from adolescence to adult-
hood (12, 13). Our longitudinal data also agree with
and extend the findings of previous studies regarding
the impact of race/ethnicity and socioeconomic status
on glycemic control in adolescence, because previous
studies have examined the relationship between these
factors using primarily cross-sectional data or data
collected over brief periods of time (21–23). Notably,
variables that often co-vary with race/ethnicity, like
socioeconomic status, have been found in multiple
studies to be more important determinants of glycemic
control than race/ethnicity themselves (24, 25). Few

studies have examined the impact of insulin pump
therapy on longitudinal glycemic control in pediatric
or young adult patients (19, 26, 27). Our data indicate
that in a US cohort, insulin pump therapy similarly
improves HbA1c, although change in HbA1c over time
is similar among those on pump or injection therapy.
Our data further indicate a significant difference in
the trajectory of glycemic control as a function of
health insurance type (private vs. non-private or
no insurance). Most previous studies examining the
influence of health insurance on glycemic control
have been smaller and have been cross-sectional. One
cross-sectional study of 295 youth found that HbA1c
is higher among youth 12–19 yr old with public
insurance (28), whereas another found no increase in
HbA1c among young people 1–21 yr old with public
insurance (23). While the current finding is interesting,
its generalizability to nations with free public health
insurance may be limited. In Scandinavian countries,
for instance, mean differences in HbA1c by ethnicity
are still present, but diminished (29). Whether
trajectories of glycemic in those nations are more
similar to trajectories for those with public or private
insurance in the US remains to be determined. Finally,
the current study is unique in its finding that age of
diagnosis is a significant predictor of the trajectory of
glycemic control for the pre-adolescent-to-adolescent
cohort. While this finding may in part reflect duration
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of diabetes, differences in trajectory of glycemic
control based on age at diagnosis while controlling for
duration of diabetes have been reported elsewhere (30).

The present findings have important public health
and clinical implications. First, they suggest that
deterioration in glycemic control during adolescence
does not completely ameliorate until age 25. Given
the effect of elevated HbA1c at younger ages on
future vascular complications (metabolic memory)
in the Diabetes Complications and Control Trial
(DCCT-EDIC) study (31–35), deterioration in glucose
control and persistence of poor control into early
adulthood may exert sustained deleterious effects
on vascular complications into adulthood. Second,
this findings indicate that deterioration in glycemic
control may precede adolescence. Many studies have
verified that teenagers are particularly vulnerable to
deterioration in glycemic control (8–10, 36, 37), but
we have found that deterioration begins to emerge in
patients as young as 10-yr-old. This suggests that novel
therapeutic strategies and behavioral/educational
interventions developmentally targeted to pre-teens
may be necessary to effectively counteract the declines
in glycemic control driven by early puberty (38, 39)
and continued loss of endogenous insulin production
(40). Finally, this study can also form the foundation
for developing risk prediction models for deterioration
in diabetes control across various developmental
stages. We have shown that individual subjects’
glycemic control trajectories exhibit considerable
variation around the average cohort trajectory for
both the childhood-to-adolescence cohort and the
adolescence-to-young-adulthood cohort. Behavioral,
social, and clinical care factors that influence glycemic
control trajectories have been explored in several
studies during adolescence (8–11, 36, 37). They should
be further explored during the transitions from pre-
adolescence to adolescence and from late adolescence
to young adulthood while controlling for the effects of
pubertal stage and endogenous insulin production.

There are several notable strengths of this study. The
population we have studied from the T1D Exchange
registry is considerably larger than that used by any
other study to analyze longitudinal trends in glycemic
control, as HbA1c data were available in each patient
for up to 10 yr. In addition, the cohort is characterized
by considerable geographic and racial/ethnic diversity.
Finally, the use of registry data may reflect ‘real-life’
conditions more so than data from clinical trials or
small observational studies during which participants
experience an increased level of attention compared
with that typically provided by the health care team
during routine care. Certain limitations of the study
also must be acknowledged. Income and health insur-
ance were reported at the time of registry enrollment
but were used to predict historic HbA1c growth curves.

These variables can be dynamic; so their status at reg-
istry enrollment may not accurately represent patient
status at the time of initial HbA1c measurement.
Despite that gender, race/ethnicity, income, health
insurance, and age of onset each helped to explain
individual variation in age-centered HbA1c and/or
slope, sizable variances remained. There remains a
great need to explore and collect data on potential
factors that explain such variations. It is also important
to recognize that the cohort is not population-based
and participation in the cohort is predicated on being
followed by an endocrinologist. Thus, the data may not
be representative of all patients with T1D in the US.

These results add to the literature by providing
a more comprehensive picture of glycemic control
trends across the continuum from childhood to
young adulthood. It is particularly notable that most
teenagers with T1D do not emerge as well-controlled
adults with T1D until their mid-20s. Moreover, even at
this age, HbA1c levels remain above the target values
of <7.0% (<53 mmol/mol) for most. Nevertheless, it
is encouraging that, in our population, there was a
slow but steady decline in HbA1c levels as patients
developmentally transitioned from adolescence to
early adulthood. Focused interventions to prevent
deterioration in glucose control from early adolescence
through early adulthood and to enhance and accelerate
the improvement in control in young adults are needed
and could have a dramatic public health impact.
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