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Abstract: Type 2 diabetes is a chronic disease due to insulin resistance resulting in hyperglycemia. The prevalence of type 2 diabetes
is increasing worldwide in the pediatric population. In the pediatric population, type 2 diabetes typically develops around adolescence;
however, patients with a younger age of onset are now being reported. Earlier onset of type 2 diabetes is associated with a more
aggressive course of disease and earlier comorbidities, although data on this is limited. We report a child from Qatar with type 2
diabetes that was diagnosed at 7 years of age, along obesity with a BMI of 26.8 kg/m2. Elevated liver enzymes, c-peptide, and insulin
levels were observed along with fatty liver on an ultrasound. The child had severe acanthosis nigricans with increased appetite. There
was a positive family history for type 2 diabetes. Testing for type 1 diabetes autoantibodies, monogenic obesity, and monogenic
diabetes screening was negative. This is the second youngest child reported to have type 2 diabetes. Accurate diagnosis, early
reporting, and long-term follow-up of such cases is necessary to bring more attention to the subgroup of type 2 diabetes in very young
patients.
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Introduction
Diabetes mellitus is on the rise in adults as well as in the pediatric population, with an estimated 3% rise annually.1

Although type 1 diabetes is the most common type of diabetes in children, the incidence of type 2 diabetes, which was
thought to be uncommon in children, is also increasing.2 Sweden, which is one of the countries with the highest
prevalence of children with diabetes in the world, reported the incidence of type 2 diabetes in children as 3.1 per
100,000 per year.3 In Qatar, the reported prevalence is 23.7 per 100,000 for children with type 2 diabetes living in the
country and an incidence of 2.51 in 2020.4 In 2019, the US reported 283,000 individuals under 20 years diagnosed with
type 2 diabetes and an incidence of 5,800 new cases in 2014–2015.5

In the pediatric population, the onset of type 2 diabetes is most often around the adolescence period, however, there
are rare reports of type 2 diabetes developing in children as young as 5 and 8 years of age.6,7 The cause of such early
onset type 2 diabetes in childhood is not yet known but might be related to the increasing obesity epidemic seen all over
the world, the sedentary lifestyle, possible underlying genetic factors, or as yet unknown factors. The SEARCH for
Diabetes in Youth study estimated an overall increase of 30.5% in the prevalence of type 2 diabetes in youth. Out of all
children with type 2 diabetes in the 2009 SEARCH database, 2.4% were <10 years of age.8

Here we report the youngest patient with type 2 diabetes from Qatar, with the age of onset at 7 years of age, and
describe the clinical and biochemical findings observed.

Case Presentation
We present an 8 year old girl of Sri Lankan ethnicity. She was born at term with a birth weight of 2.45 kg and length of
49 cm. There was no history of any complications including gestational diabetes during the pregnancy. There were no
medical concerns in the postnatal or early childhood phases. At the age of 6 years of age the patient was diagnosed with
obesity after the parents noted that the child was gaining weight rapidly and getting tired very easily. There was also
a history of snoring at night but no apnoea. She presented to the hospital at 7 years of age for these symptoms and was
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found to have hyperglycemia. The random blood glucose level was 7.8 mmol/L There were no symptoms of polyuria or
polydipsia. The child was on a normal diet without excessive calories. There is a family history of type 2 diabetes in
grandparents which started at 30 years of age. On examination, she had severe acanthosis nigricans on the neck, axilla
and groin area but no dysmorphic features. She was noted to experience shortness of breath on exertion. Her weight was
53.6 kg (99.86 percentile/+2.99 SD) with a BMI of 26.8 kg/m2 (99 percentile). Her height was 141.5 cm (99.28 percen-
tile/+2.45 SD).

Investigations
Liver function tests revealed elevated ALP (359 IU/L) and ALT (63 IU/L). She also had a reduced HDL level of 0.8
mmol/L and triglyceride level of 2 mmol/L. Ultrasound abdomen was performed and it showed hepatomegaly with fatty
infiltration suggesting NAFLD (Non-Alcoholic Fatty Liver Disease). All four type 1 diabetes autoantibodies, namely
GAD, IAA, IA-2A, and ZnT8, were measured and found to be negative. Diagnosis of type 2 diabetes was thus confirmed.
Genetic testing was also performed for the monogenic obesity gene panel which was negative for all known causes of
obesity. Some of the important genes tested were ADCT3, ALMS, BBS, CPE, DYRK1B, GNAS, KSR2, LEP, LEPR,
MAGEL2, MC3R, MC4R, MCHR1, MRAP2, POMC, PPARG, SH2B1, SIM1, TUB, and UCP3. Thyroid function tests
were normal. The monogenic diabetes genes, namely ABCC8, APPL1, BLK, GCK, HNF1A, HNF1B, HNF4A, KCNJ11,
KLF11, NEUROD1, PAX4, PDX1, WFS1, INS, and CEL, were also tested and found to be negative. Table 1 shows the
laboratory tests done on this patient. Figure 1 shows the liver ultrasound images showing fatty liver.

Table 1 Laboratory Tests Performed with Reference Range

Test Value Reference Range

HbA1c (%) 6.9 <6

Insulin (pmol/L) 3246 11–220

C-peptide (ng/mL) 22.6 0.5–5.5

Oral glucose tolerance base (mmol/L) 7.9 <5.5

Oral glucose tolerance 2 hours (mmol/L) 14.4 <7.8

Alkaline phosphatase (IU/L) 359 <350

ALT (IU/L) 63 10–40

GGT (IU/L) 22 5–55

Total protein (g/L) 79 60–80

Total cholesterol (mmol/L) 3.5 2.9–5.4

Triglycerides (mmol/L) 2 <1.7

HDL (mmol/L) 0.8 >1.3

LDL (mmol/L) 2.2 1.5–3.7

Bilirubin (mcmol/L) 6 5–21

Type 1 diabetes autoantibodies Negative

Monogenic obesity screening Negative

Monogenic diabetes screening Negative
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Treatment and Follow-Up
The patient is being treated with Metformin 500 mg BD and has been advised on lifestyle modifications. She has been
followed up for 1 year with good glycemic control and no further deterioration of the disease yet; however, no reduction
in weight was observed. Given the age of the patient, only limited options for medical therapy are available and GLP-1
agonists or surgical bypass is not indicated. This could suggest a genetic component to the underlying diagnosis.

Discussion
The global burden of diabetes mellitus is increasing rapidly with a projected average increase in the prevalence of 3–4%
per year.9,10 A lower age of onset of the disease is also being observed worldwide, especially in developed countries.
Type 2 diabetes, which was thought to be relatively rare in children, also has an increasing incidence globally.2

Figure 1 Liver ultrasound images in keeping with non-alcoholic fatty liver disease (NAFLD). Axial (A) and longitudinal (B) images of the liver demonstrating a diffuse
increase in echogenicity with loss of appreciation of the intrahepatic vasculature and loss of appreciation of the deeper aspects of the liver. The liver is more echogenic than
the adjacent kidney (arrows). Appearances are in keeping with non-alcoholic fatty liver disease (NAFLD).
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In children and adolescents, obesity is the main risk factor for developing type 2 diabetes. In a young Pima Indian cohort
with diabetes, 85% of the patients were found to be obese.11 Qatar also reported 90% of their children with type 2 diabetes
were obese.12 Ethnicity is also recognized as an important risk factor and the influence is more strong in children when
compared to adults with higher prevalences seen in Asians, African Americans, Hispanics, and Indigenous people.13

The most common age of onset of type 2 diabetes in children is in the teenage years, but there is only limited data
about the incidence in children below 10 years of age. One reason for this could be that young children with diabetes are
assumed to have type 1 diabetes and accurate classification is not done. Some previous studies have also reported the
presence of beta-cell autoantibodies youth onset type 2 diabetes.14,15 Moreover, obesity can also be seen in many type 1
diabetes patients now, which further complicates the accurate initial diagnosis. Genetic testing for obesity can be useful
for detecting if the diabetes is a complication of obesity or a separate condition, since the majority of patients with type 2
diabetes are also obese. The mean age at diagnosis for individuals with NIDDM was 13.9 ± 0.4 years, with a range from
8 to 19 years.7

Nonalcoholic fatty liver disease (NAFLD) is a common comorbidity found in adults with type 2 diabetes. However,
studies have reported adolescents with type 2 diabetes also have a higher incidence of NAFLD.16 In one study almost
30% of type 2 diabetic children were associated with NAFLD.17 This is true in our patient as well who was only 7 years
old at diagnosis. There is also data that shows that younger children with type 2 diabetes have a more aggressive course
of the disease when compared to other types of diabetes and adults.13,18 We observed liver enzyme abnormalities,
reduced HDL, and elevated triglycerides in our patient along with NAFLD, suggesting a very advanced course of the
disease. Diabetic nephropathy and hypertension are also observed in some children with early onset type 2 diabetes.19

Hence immediate attention for accurate diagnosis of type 2 diabetes is warranted in all children with compatible
phenotype and more strict control of HbA1c is required. Close surveillance of comorbidities and complications of
diabetes is to be ensured in this group of patients.

The American Diabetes Association recommends screening all youth with BMI >85% and any two risk factors such
as a family history of diabetes, gestational diabetes in mother, signs of insulin resistance, certain ethnicities, etc.,
beginning at 10 years of age or earlier, as well as rescreening every 3 years subsequently.20 Screening criteria should
also include polycystic ovary syndrome, hypertension, or dyslipidemia. Screening for microvascular and macrovascular
complications should also be performed at diagnosis and in follow-up.21 A large epidemiological study found prolif-
erative retinopathy in 9.1% of children with type 2 diabetes.22

The youngest child with type 2 diabetes reported was a 5 year old Hispanic male who presented with obesity,
acanthosis nigricans, and hyperglycemia. Similar to our patient, type 1 diabetes autoantibodies and monogenic diabetes
genetic testing were negative. However, this patient received insulin therapy initially due to elevated liver enzymes. Our
subject has been on metformin only and monogenic obesity screening was also conducted and ruled out.6

A study done to evaluate genetic risk variants for type 2 diabetes in a cohort of subjects of Sri Lankan descent found
that the risk variants identified in Europeans have similar effects in Sri Lankans. TCF7L2, SLC30A8, PROX1, PPARG,
and FTO were found to be significant in this cohort. However, this study was done in adults and no similar studies were
found in children of Sri Lankan ethnicity.23 There are no reports of any one gene causing type 2 diabetes in children
which suggests a more polygenic mechanism. The pathophysiology of early onset type 2 diabetes remains unclear but
appears to be multigenic, with environmental and lifestyle influences. There are many treatment options available for
type 2 diabetes like glucagon-like peptide-1 (GLP-1) receptor agonists and sodium-glucose cotransporter-2 inhibitors.24

However, the most commonly used option still remains metformin in most countries. Newer therapies like salutary
adipokine adiponectin and the hepatokine fibroblast growth factor (FGF) 21, have been extensively researched but have
not yielded the expected clinical impact. Bariatric surgery in conjunction with drug therapies may provide better
glycemic control and bodyweight reduction when compared with drugs alone.24

To the best of our knowledge, this is the second youngest patient with type 2 diabetes who has been extensively
worked up and studied. There is a paucity of reports about long-term outcomes of patients with very early onset type 2
diabetes like the one described here, hence we have to carefully study the outcomes and complications to have a better
understanding and form guidelines for accurate diagnosis and management.
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