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1 | INTRODUCTION

Type 2 diabetes (T2DM) in children less than 10 years of age is rarely
reported. Current American Diabetes Association (ADA) guidelines rec-
ommend consideration of risk-based screening for prediabetes and/or
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Abstract

Background: Type 2 diabetes (T2DM) in children is considered rare before puberty.
Obijective: Describe the characteristics and outcomes of children with T2DM diag-
nosed at or before 10 years of age.

Methods: Retrospective electronic medical record review of children diagnosed with
T2DM at a University Children's Hospital over 12 years was conducted. Patient char-
acteristics at diagnosis, 2-3-year follow-up, and 4-5-year follow-up were analysed as
a whole and by age groups, 5-8 and 9-10 years.

Results: There were 42 children < 10 years with T2DM (5-8-year age group, n = 8 and
9-10-year age group, n = 34). There were 88.1% African American, 11.9% Caucasian,
and 88.1% females. Body mass index (BMI) was 295th percentile in 95.2%. Average
BMI z score was 2.5 + 0.4 and higher in the 5-8-year age group (2.7 + 0.5vs 2.4 + 0.4,
P = .02). Average haemoglobin A1C at diagnosis was 10.5 + 2.4%, and improvement
was seen at 2-3 years, but subsequent worsening was noted at 4-5 years in both
age groups. At 4-5 years after diagnosis, 93.9% required insulin for management of
their hyperglycaemia, 21.2% had hypertension requiring treatment, 28.6% had low-
density lipoprotein 2130 mg/dL, and 28.6% had high-density lipoprotein <40 mg/dL.
Conclusions: T2DM at or below 10 years of age disproportionately affected females
and ethnic minorities and was associated with morbid obesity. The majority of these
children did not achieve glycaemic control and required insulin for management of
their hyperglycaemia after 4-5 years, indicating the need for increased awareness of

T2DM and intensive treatment in this special group.
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T2DM in children after the onset of puberty or in those 210 years of age
who are overweight or obese and have additional risk factors for diabe-
tes.! This may fail to recognize the onset of T2DM in younger children.
There is paucity in our understanding of the trends in glycaemic control
and complications of T2DM in this younger age group of children.
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Little is known about the population of children diagnosed with
T2DM prior to age 10. Studying this particular group is important
because a large percentage of youth with T2DM may have comor-
bidities at baseline. This cohort is at risk for earlier development of
complications and is expected to be exposed to these risk factors
for a much longer period of time.2 It is estimated that in children
diagnosed with diabetes at age 10 years, girls on average will lose
19 life-years, and boys will lose 18.7 life-years, with these numbers
even higher in African Americans (AA).2

Recent estimates of the prevalence of obesity in children and
adolescents show a continued upward trend with an overall preva-
lence of about 1 in 5 children.* The prevalence of T2DM in children
is estimated to be about 0.46 per 1000.° Data from the SEARCH for
Diabetes in Youth Study showed a relative increase in the prevalence
of T2DM of 30.5% from 2001 to 2009 in those 10 to 19 years of
age.’> The SEARCH database reported 11 children with T2DM under
age 10 years in 2001° and 19 children in 2009.° A single-centre study
in South Texas reported 20 cases of T2DM diagnosed between 2000
and 2015 in children under age 10.” A prospective national surveil-
lance study in Canada identified 19 patients with newly diagnosed
T2DM under age 10 over a 24 month period from 2006 to 2008.8
The Pediatric Diabetes Consortium (a group of eight paediatric dia-
betes treatment centres in the United States) identified 38 children
under age 10 at diagnosis of T2DM, out of a total of 503 participants
enrolled.’

The primary purpose of the proposed study is to describe the
characteristics of children who were diagnosed with T2DM at or
below 10 years of age at baseline and at follow-up visits with focus
on glycaemic control, blood pressure, and lipid measures. We also
aimed to determine if there were any differences in the variables by
age (ie between age groups 5-8 years and 9-10 years).

1295 children with a
diagnosis code of T2DM in
the EMR between 2004 and

2 | METHODS

This was a retrospective electronic medical record (EMR) review of
paediatric patients diagnosed with T2DM between 2004 and 2016
by the Pediatric Endocrinology Division at the Children's Hospital of
Alabama, University of Alabama at Birmingham (UAB). The research
protocol was approved by the UAB Institutional Review Board for
Human Use. The International Classification of Diseases (ICD-9-CM)
diagnosis codes of 250.00 and 250.02 were used to identify all po-
tentially eligible patients with T2DM. Investigator EG manually re-
viewed the medical records of subjects included in the study and
reviewed the longitudinal data to ascertain that the patients had
T2DM. Inclusion criteria were age 10 years or younger at the time
of diagnosis, haemoglobin A1C (HbA1C) 26.5%, and a diagnosis of
T2DM based on the endocrinologist's assessment. Exclusion criteria
included diagnoses of type 1 diabetes, maturity onset diabetes of
the young, cystic fibrosis-related diabetes, chronic renal or pancre-
atic disease, Prader-Willi syndrome, or conditions requiring chronic
systemic steroid use or immunosuppression and patients who did
not have more than one visit with the endocrinologist. Figure 1 rep-
resents a flow chart for the final patients included for analysis in
the study. Data were abstracted from initial diagnosis, and follow-up
information was collected at 2-3 years and 4-5 years after diagnosis
when available. If a patient had available parameters for more than
one visit at the time interval, the visit closest to 2 years and 5 years
from the diagnosis date was used. When a visit was not available
right at the 2 year or 5 year mark, the next available visit between 2
to 3 and 4 to 5 year window was used.

Race and ethnicity were determined based on parental reports
documented in the EMR. ‘Optimal glycaemic control’ was defined as
achieving HbA1C < 7% based on the treatment target goal as defined

2016
763 excluded with no initial or
> follow-up visits with
4 endoctrinology

532 children with a diagnosis

code of T2DM with follow-up

\

367 children with a confirmed

Manual review of charts to confirm
diagnosis excluded 115 children with
T1DM, 27 with CFRD, 23 with other
y diabetes including drug-induced or
steroid-induced diabetes and MODY

diagnosis of T2DM with

follow-up
| 325 children with age >10 years
v o at diagnosis
42 children included in the
study

FIGURE 1 Flow chartrepresenting
patient inclusion/exclusion algorithm
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by the ADA Standards of Care 2020.%° ‘Durable glycaemic control’
was defined as HbA1C < 8% as classified in the TODAY trial.1?

All children with T2DM received similar diabetes and nutritional
education, according to the UAB Endocrinology Division protocol and
patients were given the same instructions to contact their paediatric
endocrinologist frequently for medication adjustments to maintain eu-
glycaemia. Medication and insulin treatment were initiated depending
on HbA1C levels and at the discretion of the attending endocrinolo-
gist. Insulin therapy included long-acting with or without rapid-acting
insulin preparations. Insulin doses were adjusted upon review of cur-
rent blood sugar readings based on the division's protocol.

The study subjects were divided into two age groups by age at
diagnosis, 5-8 years and 9-10 years, assuming the older age group
of children was peripubertal. Documentation of Tanner staging was
not always available due to the retrospective nature of the study.
Hypertension was defined as blood pressure (BP) 295th percentile
based on age, sex, and height percentile.*? Microalbuminuria was de-
fined as an elevated urine albumin-to-creatinine ratio of >30 mg/g
creatinine.’®

2.1 | Statistical analysis

All statistics were analysed by SAS v 9.4. For continuous variables,
means and standard deviations were calculated by using the Wilcoxon
test to compare the difference of the older and younger age groups at
baseline, 2-3-year follow-up, and 4-5-year follow-up visits. The Fisher
exact test was used to detect the proportional differences of the two

age groups at these three predetermined time points of follow-up.

3 | RESULTS
A total of 42 children with T2DM diagnosed at <10 years of age were

included in the study. There were 8 children diagnosed at 5-8 years

TABLE 1 Baseline demographic
and clinical characteristics of children
diagnosed with type 2 diabetes at or
before 10 y of age

Characteristics
Female sex
Race

African American

Caucasian
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of age and 34 children diagnosed at 9-10 years of age. In all of the
8 children in the younger group, the diagnosis of T2DM was made
when HbA1C levels were checked due to symptoms of diabetes. All
of them had polyuria, polydipsia or polyphagia, four children also
had a diagnosis of vaginal candidiasis and 1 child also had reported
weight loss.

In the older group, the diagnosis of T2DM was made when
HbA1C was checked because of symptoms including polyuria, poly-
dipsia or polyphagia (24 of 34, 70.6%), weight loss (4 of 34, 11.8%)
and/or vaginal candidiasis (3 out of 34, 8.8%). Eight children (23.5%)
did not have any symptoms of T2DM and were screened at a routine
visit with their paediatrician due to coexistent obesity.

A retrospective analysis of growth records prior to the onset of
diabetes available in 38 children revealed that 15.8% were low birth
weight (LBW), that is <2500 g, and 13.2% were high birth weight
(HBW), that is >4000 g.1% Of the 7 children in the younger age group,
one (14.3%) had LBW and one (14.3%) had HBW. Of the 31 in the
older group, 5 (16.3%) had LBW and 4 (12.9%) had HBW. Four out of
38 children in our study cohort were born prematurely (<37 weeks
gestational age), 2 (28.6%) in the younger group and 2 (6.5%) in the

older group.

3.1 | Anthropometric measures and trends

The baseline characteristics of the patients are illustrated in Table 1.
The majority were female, 87.5% females in the 5-8-year group and
88.2% in the 9-10-year group. Overall, the study population was
88.1% AA and 11.9% Caucasian. BMI was 295th percentile in 95.2%
and 285th percentile in 100% of our cohort. In the younger group,
50% of patients had two parents and/or siblings with T2DM and all
but one had a first-degree relative with T2DM. In the 5-8-year age
group, 87.5% had a parent with diabetes compared to 67.6% in the
9-10-year age group. All patients had reported family history of dia-

betes in their extended family.

BMI = 99th percentile
BMI = 95th percentile

Acanthosis nigricans

Parent/sibling with T2DM

Two parents or siblings
One parent or sibling

None

9-10-y group

Overall (h =42) 5-8-y group (n = 8) (n=34)

37 (88.1%) 7 (87.5%) 30(88.2%)
37 (88.1%) 6 (75%) 31(91.2%)
5(11.9%) 2 (25%) 3(8.8%)
3(78.6%) 7 (87.5%) 26 (76.5%)
0(95.2%) 7 (87.5%) 33(97.1%)
0 (95.2%) 8 (100%) 32(94.1%)

11 (26.2%) 4 (50%) 7 (20.6%)

20 (47.6%) 3(37.5%) 17 (50%)

11 (26.2%) 1(12.5%) 10 (29.4%)

Note: Values expressed as number of patients (percentage).
Abbreviations: BMI: body mass index, T2DM: type 2 diabetes.
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The anthropometric data at baseline and subsequent follow-up
are depicted in Table 2. The average initial BMI z score was 2.5 + 0.4.
The BMI z scores were statistically different between the two age
groups (2.7 + 0.5 in the younger group vs 2.4 + 0.4 in the older
group, P =.02) at diagnosis, but not different at follow-up visits.

Baseline C-peptide levels were obtained in 35 patients. The
average C-peptide levels were not different between the two age
groups: 4.77 + 2.59 ng/mL (n = 7) in the 5-8-year age group vs
3.22 + 2.36 ng/mL (n = 28) in the 9-10-year age group, P = .14.

Of the 42 patients, 39 had pancreatic autoantibodies obtained
at diagnosis. All except four patients (10.3%) had negative autoan-
tibody titres. In those with negative autoantibodies, two patients
(9-10 years old) presented with diabetic ketoacidosis (DKA). None
of the patients presented with the hyperosmolar hyperglycaemic
state. Of the four patients with positive GAD65 antibodies, the ti-
tres ranged from 0.5 to 2.8 U/mL (positive = 0.5 U/mL). Two of these
patients had elevated serum insulin levels at diagnosis (51.3 and
56.2 ulU/mL) prior to initiation of treatment consistent with p-cell
reserve, and one of them was managed with metformin monother-
apy for 3 years prior to requiring insulin treatment, further corrob-
orating our diagnosis of T2DM. All of the antibody positive patients
were obese with acanthosis, and did not present with any episodes
of DKA despite reported issues with medication adherence and ele-
vated HbA1C ranging from 9% to >14%.

3.2 | Glycaemic control and management

Table 2 illustrates longitudinal follow-up data of HbA1C and treat-
ment prescribed. The overall average HbA1C at diagnosis was
10.5 + 2.4% and was not different between the two age groups. 41
patients had follow-up data available at 2-3 years after diagnosis, of
which 29.3% patients achieved optimal glycaemic control and 41.4%
patients achieved durable glycaemic control. Overall average HbA1C
was 9.0 + 2.7% and the HbA1C was not different between the two

TABLE 2 Characteristics of the patients at diagnosis and follow-up

age groups. Follow-up data were available in 33 patients at 4-5 years
after diagnosis, of which 12.1% patients achieved optimal glycae-
mic control and 18.2% achieved durable glycaemic control. Average
HbA1C at 4-5 years of follow-up was 10.8 + 2.7% and not statisti-
cally different between the age groups. Overall, a mild improvement
in HbA1C was observed at 2-3 years, but subsequent worsening was
noted at 4-5 years in both age groups, as illustrated in Table 2.

At diagnosis of T2D, 62.5% of patients in the younger group
were treated with insulin and metformin, 25% were treated with in-
sulin only, and 12.5% were treated with metformin only. In the older
group, 55.9% were treated with insulin and metformin, 17.6% were
treated with insulin only, and 26.5% were treated with metformin
only.

At the 2-3-year follow-up, in the younger group, 75% were
treated with insulin and metformin, 12.5% with insulin only, and
12.5% with metformin only. In the older group, 60.6% were treated
with insulin and metformin, 9.1% with insulin only, and 30.3% with
metformin only. In the 9-10-year age group, two patients were also
treated with glyburide and one patient was treated with liraglutide.
At the 4-5-year follow-up, in the younger group, 71.4% were treated
with insulin and metformin, 28.6% with insulin only, and none with
metformin only. In the older group, 73.1% were treated with insulin
and metformin, 19.2% with insulin only, and 7.7% with metformin
only. In the older group, one patient was also treated with pioglita-
zone. Overall, at the 2-3-year follow-up, 73.2% of children were on
insulin and at the 4-5-year follow-up 93.9% were on insulin.

3.3 | Blood pressure and microalbuminuria

At baseline, 61.5% of patients had BP documented in the hyperten-
sive range. The younger group had a higher prevalence of 62.5%
compared to 55.9% in the older group (Table 2). For the entire co-
hort, at the 2-3-year follow-up, 36.6% of patients had BP in the hy-

pertensive range and 14.6% were on antihypertensive medications.

Baseline 2-3-y follow-up 4-5-y follow-up

5-8y 9-10y P 9-10y P 9-10y P
Characteristics (n=8) (n=34) value 5-8y(n=8) (n=33) value 5-8y(n=7) (n=26) value
Weight (kg) 59.3+14.0 75.3+20.7 .03 72.2+150 876+ 23.8 .07 88.0+ 127 93.6+25.6 .76
BMI (kg/mz) 32.6+7.0 329 +77 .73 32.6 +4.6 343+75 72 36.0+5.6 355+79 .56
BMI z score 27+05 24+04 .02 25+03 23+04 15 24+04 22+04 .09
BP = 95th percentile 62.5% 55.9% 47 25.0% 39.4% .69 28.6% 30.8% 1.0
HbA1C (%) 10.4 + 3.0 10.5+£2.3 99 9.9+3.2 8.8+2.6 41 10.2+34 11.0+2.6 .60
Insulin 25% 17.6% .63 12.5% 9.1% 77 28.6% 19.2% .59
Insulin + Metformin 62.5% 55.9% .73 75% 60.6% 45 71.4% 73.1% 93
Metformin 12.5% 26.5% 48 12.5% 30.3% 31 0% 7.7% 45

Note: Values expressed as mean + standard deviation or percentage. The bold values indicate statistical significance.
Abbreviations: BMI, body mass index; BP, blood pressure; HbA1C, haemoglobin A1C.
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At the 4-5-year follow-up, 30.3% of patients had BP in the hyper-
tensive range and 21.2% of the patients were on antihypertensive
medications.

Urine microalbumin was obtained in 5 patients at diagnosis, and
was elevated in 2 of these patients. At the 2-3-year follow-up, urine
microalbumin was evaluated in 26 patients and elevated in 3 pa-
tients, and at the 4-5-year follow-up, it was obtained in 24 patients
and elevated in 4 patients.

3.4 | Dyslipidaemia

Of the total 42 subjects, 27 had a lipid panel performed at the time
of diagnosis. Total cholesterol (TC), low-density lipoprotein cho-
lesterol (LDL), high-density lipoprotein (HDL), and non-HDL were
similar between the two age groups (Table 3). Serum non-fasting tri-
glycerides were higher in the younger group compared to the older
group (271 + 101 mg/dL vs 149 + 75.2 mg/dL, P = .02). At diagnosis,
LDL was 2130 mg/dL in 25.9% of patients and HDL was <40 mg/dL
in 51.9% of patients. Non-HDL was 2145 mg/dL in 48.2% of patients.

At the 2-3-year follow-up, lipid profile data were available for
34 patients. The lipid values were not different between the two
age groups. LDL was 2130 mg/dL in 11.8%, HDL was <40 mg/dL
in 38.2%, and non-HDL was 2145 mg/dL in 11.8% of patients. At
the 2-3-year follow-up, 5.9% of the patients were on a lipid-lowering
medication.

At the 4-5-year follow-up, lipid measurements were available
for 28 patients and similar between the two age groups. LDL was
2130 mg/dL in 28.6%, HDL was <40 mg/dL in 28.6%, and non-HDL
was 2145 mg/dL in 35.7% of patients. At the 4-5-year follow-up,
7.1% of the patients were on a lipid-lowering medication.

4 | DISCUSSION

To our knowledge, this is the largest single-centre cohort of paedi-
atric T2DM in children <10 years of age and provides vital informa-
tion regarding outcomes in this group. We found that there is rapid

worsening of the disease leading to requirement of insulin therapy,

TABLE 3 Lipid measurements at diagnosis and follow-up
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poorer glycaemic control, and adverse lipid measures at follow-up
in younger children with T2DM. In our study, T2DM diagnosed at or
below age 10 was predominantly seen in females, AAs, and mostly
in children with BMI > 99th percentile, which is similar to data re-
ported in older children and adolescents.***¢

All of the patients in our study were diagnosed with T2DM by
a paediatric endocrinologist based on clinical, anthropometric, and
laboratory data, as well as longitudinal follow-up course. 10.3% had
positive GAD65 antibodies, which is equal to the rate of antibody
positivity in clinically diagnosed T2DM in the TODAY study,'® and
lower than the 21.2% reported in the SEARCH study.'’

The majority of our study population were AA and we had a
significant female preponderance (88.1%), compared to the TODAY
study (64.9%).2¢ Our data reflect the significant burden of T2DM
on ethnic minorities. The most recent composition of Alabama's
paediatric population was 29.3% AA, 7.7% Hispanic, and 57.8%
Caucasian.'® As the only free-standing children's hospital in the
state of Alabama, this distribution represents our overall referral
base. Of the children with T2DM who are seen in the paediatric
diabetes clinic at our institution, the majority are AA (76%) and fe-
male (70%). ¥ In patients diagnosed between 2004 and 2016 with
established follow-up with our hospital, 11.4% of the children were
10 years of age or younger.

It has been long-established that birth weight has a U-shaped
relationship with development of adult-onset T2DM, with both LBW
and HBW being risk factors.?>2! In our population, we were able to
identify that a sizeable proportion of the study cohort was either
premature, LBW or HBW. This observation may be attributable to
the thrifty phenotype of these babies, with early foetal program-
ming towards an insulin-resistant milieu.?!

We found that younger children (5-8-year age group) had a
higher initial BMI z score and had parent(s) and/or sibling(s) with
T2DM. A strong genetic predisposition is a crucial determinant for
developing T2DM. Factors that trigger the phenotypic expression of
the T2DM are the rapidity and degree of weight gain, consumption
of high-calorie food, physical inactivity, and certain diabetes-induc-
ing medications, which are additive to genetic susceptibility. This
gene-environment interaction may be responsible for younger age

of onset and rapid progression.??

Baseline 2-3-y follow-up 4-5-y follow-up

Lipid value 9-10y 9-10y 9-10y P
(mg/dL) 5-8y(n=>5) (n=22) Pvalue 5-8y(n=26) (n=28) Pvalue 5-8y(n=26) (n=22) value
TC 180 +26.5 171+ 27.0 A8 170 + 18.3 154 +31.4 17 180 + 58.5 182 +38.8 .70
LDL 102 + 31.0 107 £ 29.0 71 99.5+30.8 94.3£29.6 .58 112 £ 57.7 116 + 34.3 .62
HDL 35.6 +10.4 38.8+91 .54 442 + 144 43.8+9.3 75 55.5+21.7 44.8 +10.7 .32
Non-HDL 145 £ 31.3 131 +£29.0 .50 126 + 30.9 110 + 31.3 .18 125 + 60.8 137 £ 39.9 42
TG 271+ 101 149 +75.2 .02 133 +55.4 130+ 74.5 .65 111+ 36.8 188 + 121 .08

Note: Values expressed as mean + standard deviation. The bold values indicate statistical significance.

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, Total cholesterol; TG, triglycerides.
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Glycaemic control declined rapidly over 4-5 years in our pop-
ulation with nearly all of the children requiring insulin therapy at
the 4-5-year follow-up. This is significantly higher than the 46%
of patients 10-17 years of age from the TODAY study with treat-
ment failure (persistently elevated HbA1C or need for insulin ther-
apy),Z® highlighting a likely more progressive phenotype of p-cell
decline and barriers to treatment with socio-economic disparities.
Compared to the TODAY study involving children and adolescents
with T2DM of all age groups at 4 year follow-up, our population had
a higher average BMI z score and a higher percentage of children
with LDL = 130 mg/dL (10.75% vs 28.6%) at 4-5-year follow-up.?®

In the SEARCH study looking at youth diagnosed with T2DM
age <20, the prevalence of diabetic kidney disease was 20% and the
prevalence of hypertension just over 20% at age 21.%% In the TODAY
cohort, youth age 10-17 years at diagnosis of T2DM, after 3.9 years
16.6% had microalbuminuria and 33.8% had hypertension.?® In our
population of young children, 16.7% had microalbuminuria and
21.2% had hypertension requiring treatment at the 4-5-year fol-
low-up, similar both SEARCH and TODAY follow-up data. Clinicians
need to be aware that comorbidities start early in the disease pro-
cess in young children with T2DM.

The strengths of this study include unusually early presentation
of T2DM and the long duration of follow-up for the majority of our
cohort compared to other paediatric T2DM studies that include
mostly adolescent patients.25 Our study was inclusive of a large
number of young AA patients in whom there is paucity of data on
the natural history of T2DM.

Limitations of this study include the retrospective nature and that
the data were collected from a single centre, and therefore, the study
findings may not be generalizable to other populations. Due to the ret-
rospective nature of the study, there were missing pubertal staging,
C-peptide and autoantibody data in a small number of patients. It is
unclear if earlier pubertal onset and oestrogen exposure had contrib-
uted to the occurrence of diabetes at a younger age. The retrospective
nature of the study precluded us from clarifying whether the lipid pro-
file, especially the triglyceride levels, was obtained fasting. There may
also be a selection bias in the follow-up data as those patients who
achieved remission or were well-controlled on metformin monother-
apy may have followed up with their paediatricians alone. We were
also unable to assess adherence to treatment. While the intended tar-
get HbA1C per the ADA during the period of treatment from 2004-
2016 was higher (<8%), a target of <7% was used for data analysis
based on the standard of care at the time of analysis per the 2020
ADA Standards of Care and the International Society for Pediatric and

Adolescent Diabetes definition of optimal glycaemic control.

5 | CONCLUSIONS

Our study demonstrates the disproportionate disease burden of
T2DM and aggressive disease progression with continued require-

ment of insulin therapy amongst younger children with T2D who are

morbidly obese and at-risk minorities. A better understanding of the
epidemiology, treatment and outcomes is essential to achieve target

goals and reduce complications.
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