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Abstract

Despite advances in diabetes technology and treatment, a majority of children and adolescents with type 1
diabetes (T1D) fail to meet hemoglobin Alc (HbAlc) targets. Among high-income nations, the United States
has one of the highest mean HbA1c values. We tracked the HbAlc values of 261 patients diagnosed with T1D
in our practice over a 2.5-year period to identify inflection points in the HbAlc trajectory. The HbAlc declined
until 5 months postdiagnosis. There was a rise in the HbAlc between the fifth and sixth month postdiagnosis.
The HbAlc continued to steadily rise and by 18 months postdiagnosis, the mean HbAlc was 8.2%, which is
also our clinic mean. Understanding the HbA1c trajectory early in the course of diabetes has helped to identify
opportunities for intensification of diabetes management to flatten the trajectory of HbAlc and improve clinical

outcomes.
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Introduction

YPE 1 DIABETES (T1D) care is a difficult life-long un-

dertaking by patients, their caregivers, and the health
care team. The Diabetes Complications and Control Trial
(DCCT) established that prevention of long-term microvas-
cular and macrovascular complications of T1D requires in-
tensive glycemic control." For children and adolescents with
T1D, the American Diabetes Association (ADA) recom-
mends a hemoglobin Alc (HbAlc) target of <7.5%,” whereas
the International Society for Pediatric and Adolescent Dia-
betes (ISPAD) and the National Institute of Health and Care
Excellence (NICE) in the United Kingdom recommend a
HbAlc target of <7%° and <6.5%," respectively. Un-
fortunately, a majority of children and adolescents with T1D
do not meet these HbAlc targets.”’ Among high income
countries, the United States has one of the highest mean
HbAlc values.’ Current care for children, adolescents, and
young adults with TID has failed to make meaningful
progress in lowering HbAlc, despite advances in diabetes

technology,®'° analo_g insulins, and refinements in care de-
livery, among others.”!!~!3

Understanding the trajectory of HbAlc after diagnosis can
target interventions in the course of T1D. Following diag-
nosis of TID, there is typically a decline in HbAlc after
insulin initiation. With longer T1D duration, endogenous
insulin production wanes, glucose control becomes more
challenging, and frequently, HbAlc increases. In this article,
we describe the trajectory of HbAlc in patients with newly
diagnosed T1D within our clinic to identify inflection points
in the HbAlc trajectory that may serve as opportunities to
intensify intervention and to identify clinical and demo-
graphic factors that affect HbAlc trajectory to deliver more
precise care.

Materials and Methods
Subjects

Lucile Packard Children’s Hospital at Stanford has ~900
patients with T1D and ~ 100 patients with new onset diabetes
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Portions of this data were previously presented at the International Society for Pediatric and Adolescent Diabetes conference on October

12, 2018 in Hyderabad, India.
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every year. The electronic medical record (EMR) was re-
viewed and all individuals diagnosed with T1D between May
24, 2014 (current EMR start date) and December 31, 2016
were included in this study. The data were extracted in Jan-
uary 2018. All participants were censored at 18 months
postdiagnosis since we were concerned with the early tra-
jectory of changes in HbAlc values postdiagnosis. Further-
more, 18 months was the duration achieved by a majority of
the cohort. Manual chart review was performed to verify the
date of diagnosis, initial HbAlc, mode of insulin delivery,
and use of continuous glucose monitor (CGM) technology.
Individuals were categorized as being of minority status if the
EMR identified them of being of non-Caucasian race. In-
dividuals with Medi-Cal/Medicaid, Medicare, or California
Children’s Services (CCS) were categorized as having public
insurance. If patients left our practice, their data were in-
cluded in the analysis until their last clinic visit, at which
point they were censored. On average, 75% of all patients
had follow-up measurements in the EMR until 18 months
postdiagnosis.

Measurement of HbA1c

HbAlc measurements were performed using a DCA
Vantage Analyzer (Siemans Medical Solution Diagnostics)
and measurements were obtained at every clinic visit.

Statistical methods

We summarized baseline characteristics of patients with
newly diagnosed T1D by providing the mean (standard de-
viation) for continuous variables and a frequency distribution
for categorical variables. To visually describe the trajectory
of HbAlc over time, we used locally weighted scatter plot
smoothing techniques (LOESS) with estimates obtained for
each time point through those patients able to provide values
at that given point. The level of smoothing in LOESS is
determined by the span parameter, and we relied on 10-fold
cross-validation that corresponded to the lowest mean
squared error. We calculated the mean HbA 1c at each month
and created a LOESS mean trajectory curve along with the
standard deviation at each point. In addition, LOESS was
displayed by levels of demographic variables.

To understand individual longitudinal trajectories for each
patient, we fit longitudinal models of HbAlc over time to
assess their relationship with key patient-level characteristics
and additionally modeled specific features from the individ-
ual trajectories as a function of those key patient-level
characteristics. More specifically, to understand the associ-
ation between demographic factors and HbAlc over time, we
used generalized linear mixed effects regression models of
HbAlc as a function of time and the variable of interest,
where time was modeled flexibly with both linear and qua-
dratic terms. Interaction terms between the variable of in-
terest and the terms representing time were also included as
key parameters of interest, as they represented the difference
in HbAlc trajectory over time by the patient-level charac-
teristic. We used regression techniques to evaluate whether
patient-level characteristics were associated with two key
features of the trajectory curve: (1) the minimum level of
HbA 1c achieved for a given patient and (2) the time at which
the minimum value was observed for a given patient. For
each of these two models, we also provided the beta coeffi-
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cienct corresponding to the variable of interest, which rep-
resents the degree of change in the outcome variable for every
1 U of change in the variable of interest. A likelihood ratio
test was used to assess significance of both interaction terms
and beta coefficients from the models.

Finally, we evaluated trajectories of HbAlc among pa-
tients who initiated CGM or pump within 18 months of di-
agnosis. For CGM and pump use trajectory analysis, we
evaluated changes in HbAlc from the time of treatment ini-
tiation through 18 months. Similar regression techniques
were applied for this purpose. Tests were two-sided and
conducted at the 0.05 level of significance. Statistical ana-
lyses were performed using the R 3.5.2 software package.

Results
Baseline characteristics

We identified 261 individuals who were diagnosed with
T1D during the study period. In this cohort, 50.2% were
male, 43.7% were non-Hispanic white, and 74.3% were on
private insurance. By 18 months postdiagnosis, 40.2% used
an insulin pump and 42.1% were on CGM (Supplementary
Table S1). The mean age of diagnosis was 9.6 £4.0 years.

Descriptive HbA1c trajectory over 18 months

HbAlc data were nonnormally distributed with a right
skew. HbA1lc mean (minimum/maximum) at 0, 6, 12, and 18
months were as follows: 0 months—11.1 (5.3-14.8); 6
months—7.3 (4.4-14.0); 12 months—S8.0 (5.6-13.5); 18
months—38.2 (5.6—-13.5) (Supplementary Table S2). The
median time to nadir for our population was 5 months, and
the average nadir HbAlc value was 6.7% (95% confidence
interval: 6.6-6.9). Among those measured at 6 months
postdiagnosis, the mean HbAlc value was higher than the
value observed at 5 months and among those measured at
1 year postdiagnosis, the observed mean HbAlc was
8.0% £ 1.7%. At 18 months postdiagnosis, the observed mean
HbAlc was 8.2% *1.9%. Each patient had an average of six
HbA1c measurements during the study period.

Demographic associations with trajectory of HbA1c
over 18 months, nadir, and time to nadir

Table 1 shows findings from analyses for trajectory, nadir,
and time to nadir. The trajectory of HbAlc differed by age
group over the study period (P=0.001; Table 1). Children
younger than 6 years of age at diagnosis had the highest
HbAlc at nadir (Fig. 1b). The trajectory of HbAlc for chil-
dren with public insurance was significantly different from
children with private insurance (P <0.001). The mean HbAlc
increased faster in individuals with public insurance com-
pared to individuals with private insurance (Fig. 1c). The
trajectory of HbAlc also differed by race (P=0.04).
Figure 1d shows that mean HbAlc tended to increase at a
higher rate in minority groups compared to non-Hispanic
white individuals postnadir. We found the trajectory
(P=0.11) did not significantly differ by gender (Fig. le). To
gain further insight, when insurance type was stratified by
race, publicly insured children who were of minority race
tended to have higher HbAlc throughout the study period
(Fig. 1F). However, we did not observe any significant as-
sociations with time to nadir.
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2 Use of diabetes technology on trajectory of HbA1c
3|2 % e aa3
= SSS SSS In our study population, 108 (41.4%) individuals were
A started on a CGM within 18 months postdiabetes diagnosis
and the average time from diagnosis to initiation was 6
= months (range 0-16.4 months). We found the trajectory of
e ;) @§ ?\i gge §§§ HbAIlc did not vary by CGM use (Te.lble D. There were 105
3 Pa SS S8 SoSS SIS (40.2%) children who started on an insulin pump within 18
== 8L 288 8882 888 months postdiagnosis and the average time from diagnosis to
§ T2 8% IS 287 device initiation is 7.8 months (range 0-17.9 months)
E P PT TFFFFT (Fig. 1g). We found insulin pump use to be significantly as-
S T T sociated with trajectory of HbAlc (P=0.02) (Table 1).
I g2z °SgRucs
S o 3 coo SIS
S | [ T 17171
Q Discussion
N Despite the outcomes of the DCCT establishing the ef-
Ni = g Ny e fective‘nes.s of .intensive glu.cose. contr.ol to reduce Fﬁabetic
2l s SSS So s complications in 1993, a minority of individuals with T1D
A~ worldwide meet current HbAlc goals. Even among devel-
oped countries, there exists a difference between the HbAlc
= % < levels in the United States compared with European coun-
93 Q: @g gérl: l/ﬁ[:gﬁ é‘i@ tries.> For example, the mean HbAlc in 17-year olds in the
Bl o ﬁ —O —S S S == T1D Exchange in 2010-12 was similar to the conventional
A s | 299 898 299 28898 arm of the DCCT (9%).""-'* In contrast, significant decreases
i E § QP OF FILH oy in pediatric.: mean HbAlc are docume':nted internationally.. For
2 E ? <\|1 T T clq (\Il T T n ? example, in the Diabetes Prospective Follow-Up Registry
2 S = e (DPV) HbAlc decreased from 9% to 8.2% from 1995 to 2010
= S S S E S? 888 9 =S & based on benchmarking and quality improvement meth-
5 g CT T TIT I ods.">'® Numerous other countries have reported reductions
z Q in HbAlc leaving the mean HbAlc in pediatric diabetes in
Q the United States among the highest worldwide.’ While these
4 v countries have dramatically different health care systems, all
=2 = are in developed countries such as the United States. In
@ o ; o _ contrast, the SWEET registry reports that the mean HbAlc in
~ ‘% = 8 2SI = ooy individual clinics in many developing countries such as India,
E '§-§ S ? SS SSS Nepal, and Mexico is in the 8%-9.5% range, suggesting that
) = § even in resource poor situations, better glucose control can be
= § achieved. Therefore, other countries have effectively im-
— ~ plemented the DCCT message of intensive glucose control
& leaving the United States as an outlier in achieved pediatric
2 o HbA lc.” Part of this may be attributed to efforts in other parts
= .:Q:) _ of the developed world to benchmark data and institute
§ g quality improvement measures. Such efforts are still lagging
o = in the United States.
g o To identify opportunities for improvement in our clinic, we
& % performed this retrospective analysis of our 261 patients with
T E newly diagnosed T1D between May 2014 and December
— <8 § 2016. We observed that patients experienced a decline in
= E E 5 their HbAlc over the first 5 months of diabetes diagnosis.
\é ) i § o Children who were diagnosed with T1D before 6 years of age
° s g £ é had the highest HbAlc at this time point. This is consistent
% = o 2 g with previous data that younger children tend to have a low
2 el g '§ > © rate of partial remission of T1D.'” By 6 months after diag-
% z g § o = § nosis, the mean HbAlc increased in all age groups. At 18
g L'é _T; | % g E %D months postdiagnosis, the mean HbAlc was 8.2%, which is
S| \E;_ 2 b%‘%? 20| 3 in line with our clinic mean. Individuals with public insur-
S 'g o 3~§ g 5 Z : j % ance, a marker of lower socioeconomic ststus, had higher
§ 5 ® %S & E 5 g s> 7| E mean HbAlc. We were not able to perform finer analyses
§‘ %’ Vo g 8' 2 i o E é § 8 based on factors such as household income or highest pa-
oy 8 §= §§ =3 522 s rental education. Analyses of a larger number of patients
§ go\\ﬁ < 2 § 5 & £ n? s % g 8 across the age spectrum would be needed to generalize our
Q< =S GRSY-v findings.



140 a 13.01 b
135 12.5]
13.0
128 12,01
12.0 11.59
1151
1.0 g
10.5 10.5q
"%.10-0' £10.0! Age at diagnosis
3 957 g g5/ -+ (13,18] (N=48)
£ 904 < 7 = 6.13] (N=154)
85 £ 90 <=6 (N=59)
8.0 8.51
751
il 8.01
6.5 7.5
6.04 7.01
551
501 6.51
0 2 3 4 5 -] 7 a8 ] _ID I_I 12 13 14 15 16 17 18 6.01
Mcaths poel diagnosis 012345678 9101112131415161718
Months post diagnosis
120 c 12.01 d
11.5 11.5{
11.01 11.0{
10.5 10.51
10.0{ 10.0¢
- 951 = 951
;*i Insurance ;*f. Race
§ .01 — Private (N=134) E 9.0¢ -+ Minarity (N=38)
i == Public (N=65) ] — Non-Hispanic White (N=114)
T 85 T 55
801 8.0
7.5¢ 7.5¢
7.01 7.0
6.51 651
6.01 6.01
0 1 2 3 4 6 6 7 8 8 10 11 12 13 14 15 16 17 18 012346678 91011121314151617 18
Months post diagnosis Months post diagnosis
12,0 e
§ a5 Insurance_Race
% Gander — Private_Mincrity (N=56)
2 — Female (N=131) — Private_Non-Hispanic White (N=96)
r -~ Male (N=130}) Public_Minority (H=41)
£ = Public_Mor-Hespanic While (N=18)
601 6.0
O 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 0123465678 9101112131415161718
Months post diagnosis Months post diagnosis
9.0 g
8.5¢
8.0¢
% Device Use
275 — CGM (N=108)
3 == Pumg {N=105)
I
7.01
6.5
6.0
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 18 17
Menths after device initiaion
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Previous studies have indicated that CGM use can improve
HbAlc and time in range while minimizing hypoglyce-
mia.'®!? Use of insulin pumps has also been associated with
improved glycemic control.”>*' Data indicate that those us-
ing diabetes technology have lower Alc, but this has failed to
translate into overall Alc data in clinic populations.'* More
research is required on how to best implement diabetes
technology to achieve better outcomes for the pediatric T1D
population in the United States.

This study provides a real-world description of HbAlc
trajectory in patients with newly diagnosed T1D. This tra-
jectory is similar to trajectories 2]§reviously described by the
Pediatric Diabetes Consortium.”” Our data are limited to a
single site. Although we analyzed 18 months of data, not all
patients had data available at all time points.

In conclusion, the first 6-12 months of T1D diagnosis
provides an opportunity to intensify management and flatten
the trajectory of HbAlc. In our patient population, the HbAlc
at 18 months postdiagnosis appears to be the steady state
HbA Ic of patients in our clinic. This suggests that interven-
tions targeting the new onset period have the opportunity to
shift the baseline of the HbAlc curve down and improve
long-term outcomes. Further studies need to be performed to
determine if this pattern of HbAlc trajectory is observed at
other sites within the United States and around the world.
Similar to previous studies,” interventions involving early
use of technology have the potential to improve HbAlc, but
require education to fully reach their potential to improve
diabetes care. These data also suggest that targeted ap-
proaches should be developed for those of lower socioeco-
nomic status.
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