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Abstract

Background: Due to high rates of comorbidities and rapid progression, youth with
Type 2 diabetes may benefit from early and aggressive treatment. However, until
2019, the only approved medications for this population were metformin and insulin.
Objective: To investigate patterns and predictors of treatment escalation within
5 years of metformin monotherapy initiation for youth with Type 2 diabetes in clini-
cal practice.

Subjects: Commercially-insured patients with incident youth-onset (10-18 years)
Type 2 diabetes initially treated with metformin only.

Methods: Retrospective cohort study using a patient-level medical claims database
with data from 2000 to 2020. Frequency and order of treatment escalation to insulin
and non-insulin antihyperglycemics were determined and categorized by age at diag-
nosis. Cox proportional hazards regression was used to evaluate potential predictors
of treatment escalation, including age, sex, race/ethnicity, comorbidities, complica-
tions, and metformin adherence (medication possession ratio > 0.8).

Results: The cohort included 829 (66% female; median age at diagnosis 15 years;
19% Hispanic, 17% Black) patients, with median 2.9 year follow-up after metformin
initiation. One-quarter underwent treatment escalation (n = 207; 88 to insulin, 164
to non-insulin antihyperglycemic). Younger patients were more likely to have insulin
prescribed prior to other antihyperglycemics. Age at diagnosis (HR 1.14, 95% ClI
1.07-1.21), medication adherence (HR 4.10, 95% Cl 2.96-5.67), Hispanic ethnicity
(HR 1.83, 95% CIl 1.28-2.61), and diabetes-related complications (HR 1.78, 95% CI
1.15-2.74) were positively associated with treatment escalation.

Conclusions: In clinical practice, treatment escalation for pediatric Type 2 diabetes
differs with age. Off-label use of non-insulin antihyperglycemics occurs, most com-

monly among older adolescents.
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INTRODUCTION

Youth with type 2 diabetes mellitus experience high rates of
comorbidities and complications early in the disease course® and
have more rapid decline in beta cell function than adults with type
2 diabetes.>* In clinical trials, youth with type 2 diabetes also
have a higher rate of metformin monotherapy failure (45% over
nearly 4 years)? than adults (21% at 5 years).> Due to their more-
rapid disease progression, youth with type 2 diabetes would be
expected to benefit from earlier escalation to additional diabetes
medication than adults. Unfortunately, limited medication options
in youth may impede treatment escalation in practice®; until
Victoza® (liraglutide) was approved by the United States Food and
Drug Administration (FDA) in 2019 for use in pediatric type
2 diabetes,” the only option for treatment escalation beyond met-
formin was insulin. However, due to advantages of non-insulin
antihyperglycemics, including promotion of weight loss or avoidance of
weight gain,8 reduced risk of hypoglycemia,9 and more flexible dos-
ing or oral formulations, non-insulin antihyperglycemics are some-
times used in youth despite the lack of FDA approval.1®*! To date,
patterns and predictors of this off-label use have not been
described.

One potential predictor of treatment escalation is age: as ado-
lescents age into adulthood, they may begin to take advantage of a
broad array of non-insulin antihyperglycemics. Adherence to met-
formin may also influence treatment escalation; in clinical practice,
better adherence to metformin is associated with higher likelihood
of treatment escalation for adults with type 2 diabetes.*? This
seemingly counterintuitive finding, which is likely due to a desire to

2 may be espe-

optimize adherence prior to advancing therapies,®
cially important in a pediatric population with limited approved
options for treatment escalation. Ultimately, delay in escalating
treatment, whether due to factors including younger patient age or
poor adherence, may leave youth with type 2 diabetes at risk for
prolonged poor glycemic control.

In this retrospective cohort study using a longitudinal patient-
level commercial insurance claims database, we evaluated pat-
terns of treatment escalation beyond metformin monotherapy
among individuals with youth-onset type 2 diabetes. We used sur-
vival analysis to account for not only age but also diabetes dura-
tion, a risk factor for inadequate durable glycemic control in youth
on metformin monotherapy.®* Due to the conflicting realities of
generally more-severe disease in youth with type 2 diabetes and
limited treatment options, we hypothesized that age would be
directly associated with treatment escalation to non-insulin
antihyperglycemics. If present, an age-related disparity would
underscore the potential harm facing younger adolescents with
type 2 diabetes, who are at relatively higher risk for poor glycemic
control and long-term morbidity. In addition, we hypothesized
that, similar to findings in adult patients with type 2 diabetes, met-
formin adherence would be positively associated with treatment

escalation.

2 | METHODS

21 | Datasource

Our data source was Optum's de-identified Clinformatics® Data Mart
Database, a patient-level medical claims database consisting of the
inpatient, outpatient, pharmacy, procedure, and laboratory claims of
more than 88 million unique patients enrolled in large United States
commercial and Medicare Advantage health plans from April 1, 2000
to March 31, 2020. Laboratory results are available for a subset of
enrollees. Body size and vital sign measurements are unavailable. Data
from Optum have previously been used to study diabetes in
youth.2>” This study was determined to be Not Human Subjects
Research by the Children's Hospital of Philadelphia Institutional
Review Board.

2.2 | Cohortinclusion and exclusion criteria
Our retrospective cohort consisted of individuals with active enroll-
ment October 2000-March 2020 who were diagnosed with incident
type 2 diabetes while 10-18 years of age. Individuals were classified
as having type 2 diabetes if they had at least 2 individual diabetes-
specific International Classification of Diseases (ICD) -9 and — 10
codes (Supplemental Table 1) during follow up and if the ratio of type
2-specific codes to type 1 + type 2 diabetes codes was 20.6, which
has previously been shown to have sensitivity, specificity and positive
predictive values exceeding 80% for type 2 diabetes in youth.'®

The cohort was restricted to individuals with only metformin and
no other diabetes-related medications dispensed within the first
90 days after the first diabetes diagnosis code. A time period of
90 days was chosen in order to minimize misclassification of delayed
filling of a medication co-prescribed with metformin as treatment
escalation. Patients were not included in the cohort if they never filled
a prescription for metformin, or if they filled prescriptions for metfor-
min, insulin, or other diabetes medications within 180 days of enroll-
ment or prior to diabetes diagnosis. Only individuals with at least
180 days of continuous enroliment in Optum prior to the first ICD-
9/10 medical claim for any form of diabetes mellitus were included in
order to minimize misclassification of prevalent diabetes as incident.'?
For individuals with multiple discontinuous enrollments in Optum,
only the first enrollment was included in order to avoid mis-
classification of diabetes diagnosis, outcomes and covariates that may
have occurred during the gap in enrollment. All individuals in the
cohort had at least 180 days of continuous follow-up after first met-

formin fill to allow for sufficient time for outcome ascertainment.

2.3 | Outcome

The outcome of interest was treatment escalation that occurred

between 90days and 5years after initiation of metformin



VAJRAVELU ET AL.

monotherapy. Follow-up was restricted to within 5 years of metfor-
min initiation to constrain the focus on the transition period from
pediatric to adult medical care. Treatment escalation was divided into
insulin and non-insulin antihyperglycemics, including glucagon-like
peptide-1 receptor agonists (GLP1 RA), sulfonylureas (SU), dipeptidyl
peptidase 4 inhibitors (DPP4), sodium-glucose co-transporter 2 inhibitors
(SGLT2), thiazolidinediones (TZD), amylin analogues, alpha-glucosidase

2021 and combination med-

inhibitors, meglitinides, bile acid sequestrants,
ications, including those containing metformin. For the primary analysis,
treatment escalation included escalation to either insulin or non-insulin
antihyperglycemics, with the date of escalation the earliest date of insulin

or non-insulin antihyperglycemic prescription fill.

24 | Covariates

Covariates included sex, race/ethnicity (white, Black, Hispanic, Asian,
unknown), geographic region (9 census divisions: East North Central,
East South Central, Middle Atlantic, Mountain, New England, Pacific,
South Atlantic, West North Central, West South Central), calendar

year of diabetes diagnosis, and time from diabetes diagnosis to

metformin initiation (measure of diabetes duration). Adherence was
approximated using medication possession ratio (MPR) of metformin.
MPR was calculated as the proportion of days of metformin supplied
until treatment escalation (or end of follow-up if no treatment escala-
tion). “Adherence” was defined as an MPR of 0.8, based on a target
of at least 80% adherence in the Treatment Options for Type 2 diabe-
tes in Adolescents and Youth (TODAY) study.???

Comorbidities were defined by the presence or absence of at least
one ICD 9/10 code associated with each condition (Supplemental
Table 2) and included hypertension, hyperlipidemia, microalbuminuria,
obstructive sleep apnea or snoring, non-alcoholic fatty liver disease,
and polycystic ovary syndrome (PCOS). In addition, a combined out-
come of either ICD-based diagnosis or claim for medication to treat the
comorbid condition was created for both hypertension (antihypertensive
medications: angiotensin-converting enzyme inhibitors, angiotensin Il
receptor blockers, diuretics, beta blockers, and calcium channel
blockers) and dyslipidemia (lipid-lowering medications: statins, fibrates,
ezetimibe, PCSK9 inhibitors, bile acid sequestrants, niacin). Diabetes-
related complications were assessed based on presence or absence of
at least one ICD 9/10 code specific to each complication (diabetes with
renal manifestations: 250.4X, E10.2x; ophthalmic manifestations: 250.5X,

days follow-up

n = 5,280 with at least two code for diabetes occurring for first time
between ages 10-18 years, ratio of T2D to (T1D+T2D) 20.6, and 365+

No metformin use: n =2,772

A

n = 2,508 filled prescription for metformin

Additional Exclusions

« Diabetes medication or
diabetes diagnosis <180
days after enrollment: 167

« Diabetes medication before
first diabetes code: 881

» First metformin fill at age >
18 years: 204

* <90 days between first
metformin fill and first fill of
additional diabetes
medications: 403

* <180 days continuous
enroliment after metformin:
24

n = 829 meeting inclusion and exclusion criteria

/\;

FIGURE 1 Patient flow diagram,

No treatment escalation: n = 622

Treatment escalaaon: n =207 (88

depicting number of, and reasons for,
patients excluded from the cohort

insulin, 164 non-insulin, 45 both)
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TABLE 1  Cohort characteristics overall and by age at T2D diagnosis
Overall 10-12 years 13-15 years 16-18 years
N =829 n =145 n =306 n =378
Characteristic n % n % n % n % p
Female 543 65.5 96 66.2 199 65.0 248 65.6 10
Male 286 345 49 338 107 35.0 130 344
Race/Ethnicity
Asian 45 54 6 41 19 6.2 20 5.3 0.7
Black 140 16.9 31 21.4 52 17.0 57 15.1
Hispanic 159 19.2 32 221 54 17.6 73 19.3
White 366 441 58 40.0 135 441 173 45.8
Unknown 119 14.4 18 12.4 46 15.0 55 14.6
Comorbidities at baseline
Hypertensive 132 154 21 14.5 42 13.7 69 18.3 0.2
Hypertensive® 158 18.5 25 17.2 50 16.3 83 22.0 0.1
Dyslipidemia 176 20.6 29 20.0 61 19.9 86 228 0.6
Dyslipidemia® 178 20.7 29 20.0 61 19.9 88 233 0.5
Microalbuminuria 24 2.9 5 34 11 3.6 8 21 0.5
OSA/snoring 92 10.3 30 20.7 31 10.1 31 82 <0.001
Fatty liver 47 4.8 6 4.1 18 5.9 23 6.1 0.7
PCOS (F) 100 184 7 7.3 37 18.6 56 22.6 0.005
Diabetes-related complications at baseline
Renal 3 0.4 0 0.0 2 0.7 1 0.3 0.5
Ophthalmic 5 0.6 1 0.7 3 1.0 1 0.3 0.5
Neurological 4 0.5 0 0.0 1 0.3 3 0.8 0.4
Peripheral circulatory 3 04 0 0.0 1 0.3 2 0.5 0.7
Other specified 74 8.9 15 10.3 18 5.9 4 1.1 0.06
Unspecified 18 22 5 34 6 2.0 7 1.9 0.5
Median IQR Median IQR Median IQR Median IQR p
MPR 24 10-55 33 10-69 25 11-57 23 9-50 0.04
Baseline HbA1lc, % (n = 123) 6.9 6.2-9.5 6.4 58-7.1 7.3 6.4-10.0 7.1 6.1-10.5 0.05
Days to metformin 0 1-143 48 2-544 31 1-260 6 0-62 <0.001
Years follow-up after metformin 2.9 1.7-5.0 2.8 1.9-5.0 3.1 1.7-5.0 2.7 1.6-5.0 0.5

Abbreviations: PCOS, polycystic ovary syndrome; MPR, Medication possession ratio; HbAlc, hemoglobin Alc.

2ICD-based or prescribed antihypertensive medication.
bICD-based or prescribed lipid-lowering medication.

E10.3X; neurological manifestations: 250.6X, E10.4X; peripheral
circulatory disorders: 250.7X, E10.5X; other specified or unspecified
complication: 250.8X, E10.6X; 250.9X, E10.8X). Comorbidities and
diabetes-related complications were considered present at baseline if
the first documentation or associated prescription occurred on or
before the day of metformin initiation.

Specific diabetes medication types were summarized by propor-
tion of patients prescribed, time from metformin to first prescription
fill, and age at first prescription fill. Baseline (within 90 days of metfor-
min initiation) laboratory-based hemoglobin Alc (HbAlc) results
were obtained when available; point-of-care measurements were

unavailable in the dataset. Serum glucose values were not obtained

due to the inability to determine fasting status or to identify glucose

tolerance tests reliably.

2.5 | Analysis

Cox proportional hazards regression was used to assess factors asso-
ciated with treatment escalation. The first metformin claim date was
used as the index date. Patients were censored at the first of: addi-
tional antihyperglycemic medication claim, insurance plan termination
date, or pregnancy-related ICD code to minimize the impact of medi-

cation changes due primarily to pregnancy (Supplemental Table 2).



VAJRAVELU ET AL.

TABLE 2 Diabetes medication utilization during follow-up

TZD SGLT2i Combination

V)

DPP4i
164,19.8%, 79.2% 49, 5.9%, 23.7% 24,2.9%, 11.6% 69,8.3%, 33.3% 31, 3.7%, 15.0%

14 (9-28)

GLP1 RA

Non-insulin

Insulin
207, 24.9%, N/A 88, 10.6%, 42.5%

13 (7-25)

Any escalation
Age at first prescription fill, median (IQR) 18 (16-19)

Medication

12,1.4%,5.8% 37,4.5%,17.9%

21 (14-51)
19 (18-20)

12-21

n, % of total, % of escalated

19 (11-32)

26 (12-41)
18 (16-20)
13-23

17 (9-28) 15 (8-26)

26 (12-40)

18 (10-26)
17 (15-19)
11-22

Months from metformin, median (IQR)

(17-19)
13-22

19

8(16-19)
13-22

8(17-19)
12-22

(17-19)
11-22

18

18 (16-19)
11-22

11-22

Age at first prescription fill, range

Age at diagnosis (years): n, % of total, % of escalated

10-12

4, 3%, 14%

1,0.7%, 3%
4,1%, 6%

2,1%,7% 2,1%,7% 4,3%, 14%

6,4%,21%

16, 11%, 55%
50, 16%, 77%
98, 26%, 87%
<0.0001

0.001

19, 13%, 66%
27, 9%, 42%

29, 20%, N/A
65,21%, N/A

10, 3%, 15%

24,8%,37% 12, 4%, 18%

5,2%, 8%

13, 4%, 20%

13-15

23, 6%, 20%
0.10
0.7

7,2%, 6%

0.6

15, 4%, 13%

0.8

43,11%, 38%

0.001

17, 4%, 15%
0.04
0.2

30, 8%, 27%
0.08
0.6

113,30%, N/A  42,11%,37%

0.011

16-18

0.4
0.02

p (overall)

0.6 0.8

0.005

(N/A)

p (escalated)

Diabetes diagnosis date was the date of first diabetes-related ICD
code. Duration of diabetes prior to metformin initiation was calculated
as the date of first metformin claim minus date of diabetes diagnosis.

Separate Cox proportional hazards models were created for the
outcomes of treatment escalation to insulin or to non-insulin
antihyperglycemics. Univariable models were assessed, and covariates
significant at p < 0.2 were included in multivariable models. Covariates
significant at p < 0.05 in multivariable models were retained. Interac-
tions between age at diabetes diagnosis and presence of comorbidities,
age at diagnosis and adherence, and adherence and comorbidities were
assessed in multivariable models and were retained if significant at
p < 0.05. If normally distributed, continuous data were summarized
using mean and standard deviation (SD), and unpaired t-tests were used
to compare group means; otherwise, data were summarized using
median and interquartile range (IQR), and Wilcoxon rank-sum test was
used to compare groups. Categorical variables were summarized using
proportions, and distributions compared using the chi-squared test. To
compare characteristics and visualize time to treatment escalation
across groups, age at type 2 diabetes diagnosis was divided into 3-year
groups (10-12, 13-15, 16-18 years).

Two-sided p-values <0.05 were considered statistically signifi-
cant. All analyses were performed with Stata version 16.1 (StataCorp
LP, College Station, TX).

3 | RESULTS

The cohort consisted of 829 (543, 66% female) patients (patient flow
diagram, Figure 1) with a median (IQR; range) follow-up after metfor-
min initiation of 2.9 (1.7-5.0; 0.5-5.0) years. Median (IQR) age at dia-
betes diagnosis was 15 (13-17) years, and median year of diagnosis
was 2009 (2006-2014). Race/ethnicity data was missing for 14% of
patients. Of those with documented race/ethnicity, white individuals
made up the largest proportion of the cohort (52% of the cohort),
followed by Hispanic (22%), Black (20%), and Asian (6%) (Table 1). Of
the 9 geographic regions, most patients were from the South Atlantic
(24%), West South Central (20%), and East North Central (17%)
regions, with the remaining regions each accounting for <10% of the
cohort. Compared to patients included in the cohort, patients who
were excluded (no metformin: n = 2772; too-early treatment escala-
tion: n = 403) had a more equal sex balance (no metformin: 53%
female; too-early treatment escalation: 59% female). In addition, the
group excluded due to no metformin use had a lower proportion of
Black (13%) and Hispanic patients (17%) while the group excluded
due to too-early treatment escalation had a larger proportion of Black
patients (27%). The group excluded due to no metformin use was
slightly older at diagnosis (median 16, IQR 13-17 years) but the group
with too-early treatment escalation did not differ in age from the main
cohort. Eligible follow-up time in the database did not differ between
the main cohort and excluded patients (Supplemental Table 3).
Metformin was initiated at a median of 21 (IQR 1-169) days after
diabetes diagnosis. The maximum metformin dose was a median
(IQR) of 1500 (1000-2000) mg/day (n = 828 with dose available).
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Age at First Insulin Prescription

Age at First Non-Insulin Prescription

FIGURE 2 Distribution of age at first

Number of Patients
Number of Patients

o
10 11 12 13 14 15 16 17 18 19 20 21 22 23
Age (years)

Eleven percent of patients had at least one mail order delivery of
metformin. The median (IQR) metformin MPR prior to treatment esca-
lation was 0.25 (0.10-0.56). The percent of patients with MPR >0.8
(“adherent”) prior to treatment escalation was 14%. A higher propor-
tion of adherent than non-adherent patients had at least one mail
order delivery of metformin (20% vs. 10%, p = 0.001).

Comorbidities associated with type 2 diabetes were commonly
documented at baseline (Table 1). Baseline hypertension and dys-
lipidemia occurred in approximately one-fifth of patients and did not
differ with age at type 2 diabetes diagnosis. Microalbuminuria and
fatty liver were infrequently documented at baseline and did not
differ with age at type 2 diabetes diagnosis. OSA or snoring was
documented in 10% of patients at baseline and was more commonly
documented in younger patients (p < 0.001). PCOS was documented in
18% of females at baseline, more commonly in patients older at type 2
diabetes diagnosis (p = 0.005). Diabetes-related complications were
rare at baseline, with renal, ophthalmic, neurologic, or peripheral circula-
tory complications each occurring in less than 1% of patients, while
“other specified” or “other unspecified” manifestations were docu-
mented more frequently (Table 1). Baseline HbA1c (within 90 days of
metformin initiation) was available for 123 patients; for this subset,
median baseline HbAlc was 6.9% (52 mmol/mol) (IQR 6.2-9.5%;
44-80 mmol/mol) and did not differ significantly with age (p = 0.05).

3.1 | Frequency and patterns of treatment
escalation

207 (25.0%) patients had treatment escalation within 5 years of met-
formin monotherapy initiation; 88 (10.6%) escalated to insulin,
164 (19.8%) to non-insulin antihyperglycemic, and 45 (5.4%) to both
insulin and non-insulin antihyperglycemics. Time to treatment escala-

tion was a median of 13 months (IQR 7-25). Among patients with

prescription for insulin or non-insulin
antihyperglycemic medication. The age
distribution is narrowed and right-shifted for
non-insulin anithyperglycemics as compared
to insulin, demonstrating the tendency to
prescribe non-insulin antihyperglycemics
more frequently as patients age into young
adulthood

o
10 11 12 13 14 15 16 17 18 19 20 21 22 23
Age (years)

TABLE 3 Multivariable Cox proportional hazards regression for
treatment escalation
Multivariable (n = 829) HR 95% ClI
Age at diabetes (per 1-year increase) 1.14 1.07,1.21
>80% of days metformin supplied (ref: 4.1 2.96,5.67
<80%)
Race/ethnicity (ref: White)
Asian 0.96 0.51,1.80
Black 1.46 0.97,2.18
Hispanic 1.83 1.28,2.61
Unknown 1.2 0.77,1.86
Other specified diabetes-related 1.78 1.15,2.74
complications at baseline (ref: not
documented)
Multivariable: females only (n = 543) HR 95% Cl
Age at diabetes (per 1-year increase) 1.19 1.10,1.30
280% of days metformin supplied (ref: 5.08 3.30,7.82
<80%)
Race/ethnicity (ref: White)
Asian 1.21 0.55,2.68
Black 1.62 0.98,2.66
Hispanic 1.72 1.08,2.76
Unknown 1.07 0.60,1.88
Other specified diabetes-related 1.82 1.04,3.16
complications at baseline (ref: not
documented)
Polycystic ovary syndrome (females only) 0.57 0.33,0.97

(ref: not documented)

treatment escalation, insulin was used in 43% of patients; however,
this pattern differed significantly with age at type 2 diabetes diagno-
sis, with older patients more likely to be prescribed non-insulin
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FIGURE 3 Cumulative incidence

curve depicting the proportion of
patients with treatment escalation
from metformin monotherapy within
5 years. Grey shaded areas represent
95% confidence intervals

75% 100%
! !

Percent with Treatment Escalation
50%
|

32 o T =
0 =S [ -
al /__,_r T [ =
,-:l St
o —
I I I I I
0 2 3 4 5
Years from Metformin Start
Number at risk
10-12 145 124 87 58 46 36
13-15 306 265 172 122 85 65
16-18 378 306 194 126 88 58
- =n=0=10-12 years 13-15years -—-—-—-—---—- 16-18 years
FIGURE 4 Cumulative incidence Nl g
curve depicting the proportion of S A S B
patients with treatment escalation to
(A) insulin, or (B) non-insulin
antihyperglycemic within 5 years. o o
Grey shaded areas represent 95% ~ ~
confidence intervals
2 2
B B
0 0 ==
N [ ”:
e I,-" - o
o 4 - o __,,"f- =
T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years from Metformin Start Years from Metformin Start
Number at risk Number at risk
10-12145 127 91 62 50 4 10-12145 133 95 65 53 40
13-15306 285 197 146 106 81 13-15306 269 181 128 90 68
16-18378 342 232 160 119 90 16-18378 318 206 135 92 62

- === 10-12

Age at Escalation to Insulin
13-15  ————--- 16-18

Age at Escalation to Non-Insulin Antihyperglycemic
—i= == 10-12 13-15  ——-———-- 16-18

antihyperglycemics alone or before insulin (Table 2, p < 0.0001; Sup-
plemental Figure).

The most commonly used non-insulin antihyperglycemic class
was sulfonylurea (8.3% of patients), followed by GLP-1RA (5.9%)
(Table 2). Of the 49 prescriptions for GLP-1RA, 5 (10%) occurred in
the 10 months from Victoza® approval to the end of the study
2019-March  2020).
antihyperglycemics, thiazolidinediones, DPP4 inhibitors, and SGLT2

period (June Metformin  combination

inhibitors were each used in fewer than 5% of patients overall, or
fewer than 20% of patients who had treatment escalation. Only
11 total patients were prescribed alpha glucosidase inhibitors, amylin
analogs, bile acid sequestrants, or meglitinide medications. Of the
164 patients who underwent treatment escalation to non-insulin
antihyperglycemic, 40% (n = 66) were younger than 18 years at treat-
ment escalation (Figure 2). The minimum age of first use was as low

as 11-13 years for all medications.
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3.2 | Predictors of treatment escalation

In multivariable regression (Table 3), older age at type 2 diabetes diag-
nosis was associated with increased hazard of treatment escalation
(HR 1.14, 95% ClI 1.07-1.21) (Figure 3). Ethnicity was the only
demographic factor associated with treatment escalation: patients of
Hispanic ethnicity were nearly twice as likely to undergo treatment
escalation, as compared with white patients (HR 1.83, 95% Cl 1.28-
2.61). Metformin adherence (MPR20.8) was associated with an
approximately 4-fold greater likelihood of treatment escalation
(HR 4.10, 95% Cl 2.96-5.67). Documentation of “other specified”
diabetes-related complications at baseline was positively associated
with treatment escalation (HR 1.78, 95% Cl 1.15-2.74). Among
female patients, baseline PCOS was associated with a lower likelihood
of treatment escalation (HR 0.57, 95% Cl 0.33-0.97), and the signifi-
cant associations with age and adherence persisted. In the subset of
patients with available data (n = 123), higher baseline HbAlc was
associated with greater likelihood of treatment escalation in
univariable regression (HR 1.38, 95% Cl 1.22-1.56 per 1% NGSP; HR
1.08, 95% CI 1.02-1.04 per 1 mmol/mol).

Predictors of treatment escalation to insulin and non-insulin
antihyperglycemics differed. In multivariable regression, older age at
diagnosis was a significant predictor of treatment escalation to non-
insulin antihyperglycemics (HR 1.20, 95% Cl 1.12-1.30) but not to
insulin (Figure 4; Supplemental Table 4). Metformin adherence was
associated with an approximately 3-4-fold higher likelihood of treat-
ment escalation to either insulin (HR 3.03, 95% Cl 1.75-5.22) or non-
insulin antihyperglycemic (HR 4.11, 95% Cl 2.90-5.83). Additional
predictors of escalation to insulin included Hispanic ethnicity
(HR 2.27, 95% Cl 1.31-3.94) and Black race (HR 2.29, 95% CI 1.27-
4.14), diabetes-related neurological manifestations at baseline
(HR 9.8, 95% Cl 2.34-41.1), and calendar year of type 2 diabetes diag-
nosis (per year from 2000, HR 1.08, 95% Cl 1.03-1.13). Among female
patients, baseline PCOS was associated with lower likelihood of treat-
ment escalation to insulin (HR 0.20, 95% Cl 0.06-0.70) but not to
non-insulin antihyperglycemics.

4 | DISCUSSION
In a large, longitudinal cohort of commercially-insured patients with
youth-onset type 2 diabetes followed in clinical practice, treatment
escalation within the first 5 years of metformin monotherapy initia-
tion differed by age, and use of non-insulin antihyperglycemic medica-
tions was increasingly common in older youth. In addition, treatment
escalation occurred more often among patients with greater adher-
ence to metformin. The off-label use of antihyperglycemic medica-
tions for adolescents with type 2 diabetes highlights the critical need
for additional therapeutic options in this high-risk population.

Our results demonstrate the more-frequent use of non-insulin
antihyperglycemics in older youth than in younger adolescents. The
lack of approved medications for pediatric type 2 diabetes is worri-

some given evidence of improved glycemic control and reduction in

treatment failure for early combination therapy versus metformin
monotherapy.?®24 Due to the potential risk of adverse outcomes with

off-label use of medications,?>2¢

as well as potential insurance autho-
rization denials, pediatric physicians may be reluctant to prescribe
medications that lack regulatory approval; hence the deferral to insu-
lin as the primary treatment in children with type 2 diabetes, particu-
larly younger adolescents. Insufficient treatment options for younger
patients with type 2 diabetes along with noncompliance with insulin
may translate to early and prolonged poor glycemic control and result
in a lifetime of downstream effects. Indeed, an inverse association
between age of type 2 diabetes onset and complications exists: youn-
ger (15-30 years) versus older (40-50 years) age at type 2 diabetes is
associated with greater morbidity and mortality.?”?® In addition,
although insulin therapy may help to stabilize worsening dyslipidemia
in youth with type 2 diabetes, its uncertain compliance and potential
weight additive effects may limit its benefits if glycemic control is not
achieved.?”

In addition to limited medication options, another factor that may
contribute to delayed treatment escalation is poor adherence. We
found that adherence, as measured by a medication possession ratio
of 20.8, was associated with an approximately 4-fold greater likeli-
hood of treatment escalation. Notably, greater adherence has been
associated with higher rates of treatment intensification in adults with
type 2 diabetes,*° perhaps due to provider preference to optimize
metformin therapy prior to escalation. However, the utility of high
levels of adherence prior to treatment escalation may be modest in
pediatric type 2 diabetes, as no metformin adherence threshold
predicted loss of glycemic control in the TODAY.??? Notably, gastro-
intestinal symptoms are frequent after initiation of metformin in both
children and adults®® and may contribute to poor adherence and
treatment discontinuation. Unlike in adults, however, no alternate oral
antihyperglycemic medications are approved for pediatric type 2 dia-
betes. Thus, in youth with type 2 diabetes, discontinuation of metfor-
min may result in inadequately treated chronic hyperglycemia unless
insulin is used.

Our finding that patients of Hispanic ethnicity were more likely to
undergo treatment escalation is curious, as the TODAY study demon-
strated that Non-Hispanic Black participants experienced the highest
rate of metformin monotherapy failure.? Black and Hispanic youth
both tend to have a higher degree of insulin resistance than non-
Hispanic white youth, independent of adiposity.>2 However, among
youth with obesity, insulin resistance is greater among Black than His-
panic youth.®3 Despite more severe insulin resistance and higher rates
of glycemic failure in a clinical trial setting,2 Black patients in our study
were not more likely to undergo treatment escalation. However, when
separated by type of medication used for treatment escalation, both
Black and Hispanic patients were more likely than white patients to
undergo treatment escalation to insulin. This discrepancy in treatment
escalation by type of antihyperglycemic medication (insulin versus
non-insulin) should be further explored.

The lower likelihood of treatment escalation among females with
PCOS at baseline was due to a significantly lower likelihood of escala-

tion to insulin. Although this finding may reflect a lower threshold for
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diagnosis of type 2 diabetes in patients with PCOS, leading to a
greater proportion with good glycemic control, female patients with
PCOS were equally likely to undergo treatment escalation to non-
insulin antihyperglycemics as compared to females without PCOS.
The cause of this differential rate of treatment escalation to insulin is
unclear.

Our study's strengths include the large cohort of patients with
youth-onset type 2 diabetes, use of a stringent and validated algo-
rithm for identification of type 2 diabetes in a medical claims data-
base, and prescription data to identify timing of medication use as
well as a proxy for adherence. Importantly, our long duration of
follow-up after metformin initiation with patients aging into adult-
hood allowed for a comparison of treatment options available for both
pediatric and adult type 2 diabetes.

As with any study based on medical claims, several limitations
should be considered. First, we were unable to fully evaluate the
impact of glycemic control on treatment escalation. However, among
the subset with HbA1c available, higher baseline HbAlc was asso-
ciated with greater frequency of treatment escalation, in line with
findings from the TODAY study, which demonstrated that HbAlc
soon after metformin monotherapy initiation is predictive of dura-
ble glycemic control.3* Second, our commercially-insured cohort
with relatively low proportion of non-white patients may represent
a different, lower-risk population, as patients with pediatric type

2 diabetes are more often from racial/ethnic minority groups®'®

and tend to have government/non-commercial insurance.}®3°
Thus, the absolute rates of treatment escalation may not be gener-
alizable to populations with higher proportions of individuals of
racial and ethnic minority, as metformin treatment failure occurred
more rapidly in Black and Hispanic patients than Non-Hispanic
white patients in the TODAY study.? There may also be differences
in diabetes care and outcomes related to unmeasured differences
in social determinants of health between our cohort and patients
with government-sponsored insurance. However, rates of docu-
mented hypertension and dyslipidemia in our cohort at baseline
were very similar to those in the TODAY study, suggesting a similar
baseline risk profile.?

Despite the use of a validated algorithm, misclassification of dia-
betes type (type 1 incorrectly classified as type 2) or monogenic
diabetes is still possible. However, by limiting our cohort to new-onset
diabetes that was treated with only metformin for at least 90 days,
this likelihood is reduced. Notably, algorithms to identify type 2 diabe-
tes using medications alone or in combination with laboratory results

1836 and in adults,

did not perform better than ICD-9 codes alone,
adding medications to ICD9 codes did not improve classification.®”
While true adherence to metformin was unmeasurable, our finding of
a positive association between treatment escalation and metformin
medication possession ratio is in line with previous findings in
adults.}? Additional potential risk factors for glycemic failure such
as diabetic ketoacidosis at diagnosis,® family history of type 2 dia-
betes, body mass index, or social determinants of health were
unavailable. The time period of our study included only 10 months

after Victoza® was FDA-approved for children; due to this

approval, we anticipate that GLP1RA use will increase significantly
among younger patients. Our findings reflect medication claims
that were filled, and did not capture prescriptions by providers that
were not covered by insurance. Finally, our study did not evaluate
treatment escalation patterns of patients who were prescribed insulin
or non-insulin antihyperglycemic medications within 90 days of starting
metformin.

Overall, our findings highlight the important role of age in real-
world treatment escalation from metformin monotherapy in youth-
onset type 2 diabetes. Although the need for additional therapeutic
options in adolescents with type 2 diabetes is high, there are many
logistical barriers to completion of clinical trials to generate adequate
evidence of safety and efficacy in the pediatric population; these bar-
riers include narrow eligibility requirements, the relatively small popu-
lation of youth with type 2 diabetes, and inadequate reimbursement
to promote participation in multicenter studies.® Ultimately, expanded
eligibility requirements and new organizational approaches to drug
development and evaluation for pediatric type 2 diabetes may be
required to expand the therapeutic options for this high-risk popula-
tion.® As new therapies are eventually made available for pediatric
type 2 diabetes, trends in treatment escalation should be reassessed.
In addition, healthcare provider familiarity with use of new medica-
tions should be proactively addressed to counteract potential thera-
peutic inertia in the pediatric population. Ongoing evaluation of
trends in medication use in real-world clinical practice may help to
identify opportunities to optimize therapies and to ultimately address

the poor outcomes of youth-onset type 2 diabetes.
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