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Abstract

Type 1 Diabetes (T1D) is the most common type of diabetes among children and adolescents. The related chronic mac-
rovascular and microvascular complications are associated with high long-term risk for morbidity and early mortality. We
hereby present 2 cases of adolescents with newly diagnosed Type 1 Diabetes (9.8 months and 2 years, respectively) and
Eating Disorder (ED) who developed Acute Painful Diabetic Neuropathy (APDN). Both patients had multiple risk factors for
Acute Painful Diabetic Neuropathy that have attributed to the early appearance of the disease, such as acute deterioration
of glycaemic control, rapid and extreme weight changes and poor compliance with insulin therapy. APDN is a rare Diabetes
complication in youth that may appear after extreme weight changes usually in the context of ED. Poor glycemic control is a
major risk factor for the development of APDN. Remission of symptoms may occur following restoration of optimal diabetic
control and weight normalization. However, neuropathy symptoms may recur following future glycemic deterioration.

\Key words : Type-1-Diabetes; Eating-Disorder; Acute-Painful-Diabetic-Neuropathy; Adolescence. Y,

Introduction

Type 1 Diabetes (T1D) is the most common type of diabetes
among children and adolescents, accounting worldwide for
> 85% of all diabetes cases in patients under 20 years old [1].
The related chronic macrovascular and microvascular compli-
cations are associated with high long-term risk for morbidity
and early mortality. According to ADA Consensus Statement
(San Antonio, 1988), Diabetic Neuropathy (DN) is "a descrip-
tive term meaning a demonstrable disorder, either clinically
or sub-clinically evident, that occurs in the setting of Diabetes
Mellitus without other causes for peripheral neuropathy. The
neuropathic disorder includes manifestations in the somatic
and/or autonomic parts of the peripheral nervous system"
[2]. Diabetic peripheral Neuropathy (DPN) is a common type
of neuropathy as it affects 50% of the diabetic population.[3].
The clinical presence of DPN is defined by symptoms consis-
tent with peripheral sensorimotor polyneuropathy, combined

with either abnormal nerve conduction of at least two periph-
eral nerves or unequivocally abnormal autonomic neural tests
[4, 5].

DPN is well met in the paediatric population, with a preva-
lence ranging between 7% to 62% among T1D children and ad-
olescents [6, 7]. The main risk factors for the development of
DPN are older age, long T1D-duration, smoking, high diastolic
blood pressure, obesity, increased LDL-c and triglycerides, and
lower HDL cholesterol [6]. Complications of DPN are chronic
pain, foot ulceration and even amputation, with most existing
treatments providing mainly symptomatic relief [8]. In agree-
ment, Diabetes Control and Complications Trial (DCCT) advises
that early optimal glycaemic control could delay clinically sig-
nificant nerve impairment or even reverse the progression of
DPN [9]. As such early detection of children and adolescents
with DPN is of paramount importance in order to maintain an
optimal glycaemic control [5, 9].

It is usually difficult to identify DPN in children as in most cas-
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es they are asymptomatic or present with non-specific symp-
toms mimicking other pathologies like chronic renal failure, vi-
tamin deficiencies, malignancy, sickle cell disease, connective
tissue disorders and enteropathy [10]. The proposed patho-
genetic mechanisms of DPN include microvascular-induced
ischaemia, the production of extracellular advanced glycation
end-products (AGEs), inflammatory cytokines, increased al-
dose reductase activity and increased activation of the polyol
pathway [11].

Acute painful diabetic neuropathy (APDN) is a rare subtype of
painful diabetic neuropathy, first mentioned in 1974 by Ellen-
berg [12]. It is a small-fiber polyneuropathy that may present
shortly after the diagnosis of diabetes, possibly precipitated
by the initiation of insulin therapy, with symptoms which usu-
ally last less than 6 months. On the other hand, chronic Painful
Neuropathy is a painful polyneuropathy, which usually starts
later in the course of the disease and persists for more than 6
months [13].

Adolescents and especially females diagnosed with T1D peri-
pubertally seem to be at greater risk of developing Eating Dis-
order (ED) compared to general population, which in turn may
trigger or aggravate long term complications of DM such as
Neuropathy or Nephropathy [14, 15]. In this report we present
two adolescent T1D cases with early presentation of APDN.
Both patients had concomitant ED associated with poor gly-
caemic control.

Case A

An 11-years-old peripubertal girl was admitted to our hospital
due to a severeDiabetic Ketoacidosis (DKA) episode accompa-
nied by rapid weight loss (-3kg). The DKA episode (capillary
Glucose 399mg/dl, pH 7.03, HCO3 5 mEq/L) resolved with spe-
cialised medical management and the girl was diagnosed with
T1D. The patient received in hospital intensive Diabetes man-
agement education and discharged 10 days later.

She previously was an average-weight pubertal girl (height
75th percentile, weight 25-50th percentile, BMI 10-25th
percentile) according to published national charts and apart
from mild hypercholesterolemia (conservative management
since 4 years old) was otherwise healthy [16]. She was born
at term (no history of maternal DM) and normal birth weight
(3.560gr).

Although optimal metabolic control was achieved in the first 3
months (HbA1lc 7.6%) after discharge, she progressively devel-
oped Eating Disorder triggered by high levels of psychological
stress following T1D diagnosis. Consequently, her metabolic
control deteriorated (HbAlc 8.5% and 11% at 6 and 9 months
respectively) while lost a significant amount of weight [weight:
36.6 kg, (15th percentile)].

Eight months following T1D diagnosis, she presented with a
second DKA episode (pH7.11, HCO3 8 mEqg/L) as a result of
poor glycaemic control, omission of fast rapid acting insu-
lin and carbohydrate free diet (as a measure to control her
weight) at least for 20 days, resulting in -2 kg extra weight loss

[BMI :14.1kg/m2, (10th percentile)] and temporary cessation
of menstruation. The girl was diagnosed with unspecified ED,
as criteria for anorexia nervosa were not fulfilled according to
DSM-V (Diagnostic and Statistical Manual of mental disorders
5th ed).

Although the DKA episode was initially resolved, the patient
(48 hours after her admission) experienced numbness over
her upper and lower extremities (Table 1). Nerve conduction
studies (NCS) were performed by an experienced Neurologist
(M.K.) and impaired vibration sensation threshold (VST) mea-
surements were verified in the upper and lower extremities
using a biothesiometer (Newbury, Oh). VST measurements
were conducted bilaterally (Table 2), and the VST value for
each site was calculated as the mean of three consequent
measurements. Furthermore, peroneal, sural and median
nerves of the left limbs were assessed by sensory and motor
NCS. Abnormal values were recorded in the amplitude and
conduction velocity of the sensory peroneal nerve, which ac-
cording to published data [17], indicate axonal and demyelin-
ating lesions in peripheral nerves (Table3). As a consequence
of the patient's double ED/ DPN diagnosis, a multidisciplinary
team consisting of a Pediatric Diabetologist, a clinical Dieti-
cian, a Paediatric Psychiatrist and a Neurologist closely moni-
tored her progression. Under careful supervision she regained
5.4 kg and achieved optimal metabolic control (HbAlc 6.5%)
in the next 6 months (Table 1). During these months the girl
admitted sporadic binge eating episodes, but no purging be-
havior or insulin omission. Her neuropathic symptoms im-
proved apart from rare episodes of numbness in fingertips,
most often affecting her lower extremities (Table 2). Although
patient’s clinical neurologic examination remained within nor-
mal limits, NCS abnormalities at her sensory peroneal nerve
remained (Table 3).

Two years post her T1D diagnosis the girl complained again
of paraesthesia in her upper and lower extremities which was
considered a relapse of DPN attributed to a deterioration of
her metabolic control (HbA1lc 8.6%) possibly due to binge eat-
ing episodes despite her normal growth evolution (height: 75-
90th percentile, weight: 50th percentile, BMI: 25-50th percen-
tile). Apart from the residual impairment in the sensory fibers
of the peroneal nerve, new NCS revealed additional dysfunc-
tion at sural nerve (Table 3). Although her symptoms gradu-
ally disappeared, her VST values remained pathologic (same
values as 3 months post diagnosis, Table 2). The girl had no

Table 1: Clinical characteristics of patient A: a) ED with acute
weight loss and APDN, b) 3 months later and c) 2 years later.

a) ED-APDN b) 3months later | c) 2 years later
Age (years) 11years 1lyearsand 3 13 years
months
Height (cm) | 150 (507-75%)7 | 152 (507-757)¥ | 163.5 (757-907)F
Weight (kg) | 34 (10™-25™)* | 39.4 (257-50")¥ | 52.8 (507-757)¥
BMI (kg/m?) | 15.11 (39)° 17 (10™-257) 19.92 (257-507)*

¥9% percentiles according to published national data, ED: Eat-
ing Disorder, APDN: Acute Painful Diabetic Neuropathy.
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Table 2: Vibration sensation thresholds (VST) in the upper and
lower limbs of the patient: a) ED with acute weight loss and
APDN, b) 3 months later and c) 2 years later.

a) ED-APDN | b) 3months | c) 2 years
later later

Right arm
Thumb (mV) 10.5 15 35
Index finger (mV) | 10.5 4.0 35
Left arm
Thumb (mV) 10.5 5.0 3.5
Index finger (mV) | 11.0 4.5 3.0
Right leg
Toe (mV) 8.0 3.5 4.0
Hallux (mV) 11.0 1.0 40
Left leg
Toe (mV) 8.0 3.5 4.0
Hallux (mV) 10.3 5.0 4.0

Values are the mean of three measurements in each site, ED:
Eating Disorder, APDN: Acute Painful Diabetic Neuropathy.

Table 3: Nerve conduction studies in the peroneal (sensory and
motor fibers), sural and median (sensory and motor fibers)
nerves: a) ED with acute weight loss and DPN, b) 3 months
later and c) 2 years later.

a) ED- b) 3 months | c) 2 years | Normal

APDN later later values
Peroneal
SL (msec) 3.98 4.0 3.9 <4.4
SNAP (V) 2.7 3.7 5.1 >6.0
SCV (m/sec) 35.0 38.0 38.5 >40
DML (msec) 4.1 4.0 3.8 <6.5
CMAP (mV) 7.8 7.7 5.8 >2.0
MCV (m/sec) | 50.0 50.0 51.0
Sural
SL (msec) 3.0 3.0 2.9 <4.4
SNAP (uV) 10.0 9.6 5.5 >6.0
SCV (m/sec) 50.0 51.0 40.0 >40
Median
SL (msec) 2.4 2.4 2.3 <3.5
SNAP (uV) 31.0 30.0 28.9 >20.0
SCV (m/sec) 53.7 54.0 55.0 >50.0
DML (msec) 3.8 3.9 3.5 <4.4
CMAP (mV) | 13.5 13.2 13.6 <4.0
MCV (m/sec) | 54.0 57 59.0 >49.0

SL: sensory latency, SNAP: sensory nerve action potential (sen-
sory amplitude), SCV: sensory conduction velocity, DML: distal
motor latency, CMAP: compound muscle action potential (mo-
tor amplitude), MCV: motor conduction velocity, ED: Eating
Disorder, APDN: Acute Painful Diabetic Neuropathy.

further neuropathic symptoms or chronic diabetic complica-
tions since.

Case B

A 13-year-old boy was admitted to our hospital for a mild DKA
episode accompanied by weight loss (-6 kg in two months,
weight: 54.5 kg). His capillary glucose was 407mg/dl and ABGs
were as: pH 7.32, HCO3 24 mmol/L, ABE -2 mmol/L. Paediat-
ric DKA management protocol was followed, and the patient
responded excellent to treatment. He was discharged 7 days
after with a T1D diagnosis and management plan.

The boy was previously healthy, born at term with normal

Table 4: Clinical characteristics of patient B: a) T1D diagnosis
with acute weight loss b) Microalbuminuria presence c) APDN
diagnosis 3 years later d) 4years 5 months post T1D diagnosis.

T1D Diagno- Microalbu- DPN di- 4years 5
sis with acute | minuria pres- | agnosis months
weight loss ence 3 years post T1D
later diagnosis
Age (years) 13 14 16 18
Weight (kg) 54.5 75 96 105
Height (cm) | 166 180 187 187
BMI (kg/m?) 19.8 23.1 27.5 30.03

BMI: Body Mass Index, T1D:Type 1 Diabetes, APDN: Acute
Painful Diabetic Neuropathy.

Table 5: HbA1c% of patient B a) Microalbuminuria presence
b) DPN diagnosis 3 years later c) 4years 5 months post T1D
diagnosis.

Microal- APDN diag- 4years 5

buminuria nosis 3 years months post

presence later T1D diagnosis
HbA1c% 7.3 9.5 8.5

HbA1c%: Glycosylated Hemoglobulin A1c% ,T1D: Type 1 Dia-
betes, APDN: Acute Painful Diabetic Neuropathy.

vaginal delivery. Although neonatal macrosomia (birth weight
4.8 kg) was confirmed, there was no history of maternal ges-
tational Diabetes.

After the initiation of basal-bolus insulin regime, the boy
regained weight (63.7 kg, 75th percentile for his weight) al-
though he reported frequent recurrent hypoglycaemic epi-
sodes (HbAlc 5%). At his first year follow up appointment the
patient excibited an adequate glycaemic control (HbA1c 7.3%,)
had gained 20.5 kg (weight: 75kg, BMI 23.1 kg/m2) since diag-
nosis and developed microalbuminuria (45 mg/24hrs, normal
value <30). Despite the optimization of his glycaemic control
at year-two follow up appointment (HbAlc 5.9%), he had
gained another 15kg (weight 90kg, BMI 27,17 kg/m2) and mi-
croalbuminuria persisted (44.0 mg/24hrs, normal value <30).
Due to persisting microalbuminuria and to the patient’s best
interest, an insulin pump-regime was offered by the diabetes
medical team.

Three years after his T1D diagnosis and despite the initia-
tion of insulin-pump the boy developed APDN. The patient’s
glycaemic profile had deteriorated (HbA1c%: 9.5) and now
complained of a 60day history of paraesthesia and pain at his
lower and upper extremities mainly at night hours (Table 4).
NCS revealed temporal dispersion of potentials as an indica-
tion of partial demyelination, despite normal conduction ve-
locities. Although insulin pump regime was introduced early
after T1D diagnosis, the boy developed painful DPN symptoms
most likely as a result of combined poor glycaemic control and
extreme weight gain possibly due to polyphagia episodes.
Even though a Diabetes education refreshment course was of-
fered, and a tighter medical supervision was applied by our
multidisciplinary team his glycaemic control remained poor
thereafter (Table 4). Four years and 5 months post T1D diag-
nosis, his HbA1c% remained high (8.5%) while he gained a sig-
nificant amount of weight (weight 105kg, BMI 30.03 kg/m2,
indicative of obesity). DPN symptoms remained unchanged
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thereafter, possibly due to extreme weight gain and persistent
poor glycaemic control (Table 5).

Discission

We hereby present 2 cases of adolescents with short T1D du-
ration (9.8 months and 2 years respectively) and ED who de-
veloped APDN. Both patients had many risk factors for APDN
that may have attributed to the early appearance of the dis-
ease such as early poor glycaemic control, rapid and extreme
weight changes and poor compliance with insulin therapy.
Based on international bibliography APDN cases are rare and
reports of children or adults with recent onset diabetes and
APDN are scarce [18]. Furthermore, cases of newly diagnosed
T1D teenagers with early development of APDN and ED are
even more rarely described in the literature. APDN is a small-
fiber polyneuropathy occurring within 8 weeks after rapid
restoration of euglycemia, evident by a significant reduction
in HbAlc (i.e a decrease in HbAlc 22% points over 3months)
[18].

Patients with T1D are strongly advised to follow a strict diet
and maintain normal weight in order to achieve normogly-
cemia which usually attributes to low self-esteem and in-
creased levels of anxiety among young and especially female
T1D patients [19, 20]. In addition, the clinical presentation of
T1D precedes a glycosuria-related acute weight loss which is
often perceived as desirable especially by female adolescent
T1D patients [21]. Although, the initiation of insulin therapy
is associated with weight gain and in combination with a di-
etary restraint predispose young T1D females to develop ED,
Manucci et al reported significantly higher prevalence of
Bulimia Nervosa among T1D female adolescents and adults
(1.73%), when compared to non-diabetic population (0.69%)
[22]. ED behavior in turn is often associated with poor glyce-
mic control, higher levels of mean HbAlc and increased risk
of microvascular complications in young T1D females [22].
Insulin omission as a measure of weight reduction has been
reported in 27% of the female T1D participants in the study of
Colton et.al [14]. There are several studies on disordered eat-
ing habits and misuse of insulin as a measure to control body
weight among T1D adolescents [23]. DSM-V criteria catego-
rise insulin omission as a well-recognised purging behaviour
and the commoner weight reduction method following diet-
ing, a behaviour similar to our female patient’s. As discussed
above with our female patient, ED and acute diabetic com-
plications, such as episodes of hypoglycaemia and Diabetic
Ketoacidosis (DKA) are strongly related. DKA episodes may in
turn eventually attribute to APDN presentation due to con-
comitant endothelial damage, hemodynamic and metabolic
changes.[24] APDN has been furthermore associated with the
presence of ED and weight changes.[25] Both our patients due
to ED experienced extreme weight changes, had rapid drop in
their HbAlc and poor glycemic control that precipitated the
first APDN presentation.

Unfortunately, emotional distress is a major factor for the de-
velopment of ED, affecting about 20-40% of T1D patients [26].
Anxiety symptoms alone have been related to higher levels of
HbAlc, poor glycaemic control, depression, fear of hypogly-

caemia, and poor glycose self-monitoring [19, 20]. Clinicians
could refer these patients for Mindfulness-Based Cognitive
Therapy (MBCT) or provide a simple eating habit question-
naire in order to detect the tendency to develop ED in the
future.

Children and adolescents with long-term poor glycaemic con-
trol present early in their adolescent years with diabetic com-
plications [27]. Our male patient experienced extreme weight
gain and had poor metabolic control due to polyphagia in par-
allel with the development of microvascular long-term com-
plications (microalbuminuria), in addition to the development
of APDN.

According to Steel et.al , there were cases of young females
with ED and poor glycaemic control who had an early onset of
APDN, associated with pain during the peak of weight reduc-
tion and remission of pain with NCS improvement as weight
was regained [28]. This finding is consistent with our female
patient who indeed experienced partial remission of her DPN
symptoms after gaining back weight. The improvement in NCS
in these patients is indicating that the optimization of glyce-
mic control might restore the neural impairment. In that view
“Metabolic Memory” (a term describing the long-term effects
of tight glycemic control on the prevention of diabetic neu-
ropathy) may explain the partial improvement of the ampli-
tude and conduction velocity in the sensory peroneal nerve
3 months after the deranged glycemic control in our female
patient (table 2) [29]. The above may explain why the DPN
symptoms were partially resolved following a short-period
of near-normoglycemia (table 3) and why they progressively
deteriorated again resulting in NCS impairment of the sural
nerve. APDN has also been reported to occur after a signifi-
cant drop in HbAlc following the commencement of insulin
therapy or shortly after a major HbAlc drop at any stage of
the disease. Furthermore in adults, acute improvement of
glycemic control has been associated with the deterioration
of diabetic retinopathy.[30]In this context, it may be worth-
while for physicians to embrace a slower and more gradual
reduction in HbAlc when aiming for euglycemia, especially in
poorly controlled patients with diabetes in order to prevent
the occurrence of APDN or retinopathy.

In conclusion, APDN is a rare DM complication in youth, which
may develop at any time during the course of the disease,
even soon after diagnosis. It may appear after extreme weight
changes usually in the context of ED, leading to chronic com-
plications. Such was the case of our two T1D adolescents, in
whom rapid deterioration of glycemic control in association
with ED was a major risk factor for the development of APDN.
Remission of symptoms occurred in both patients following
restoration of optimal diabetic control and weight normal-
ization. However, DN symptoms reoccurred, following future
glycemic deterioration. Both of our patients with ED and gly-
cemic control deterioration presented acute diabetic compli-
cations, including APDN, therefore requiring early manage-
ment by expert clinicians and careful follow-up. Achieving an
optimal metabolic control and maintaining a healthy living is
the safest way to delay or even reverse DN at initial stages.
As such, clinicians should carefully monitor weight changes
among adolescents with T1D in order to early identify ED be-
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haviour and stress symptoms and maintain a healthy lifestyle
and well-being. Moreover, clinicians should advise patients to
avoid rapid HbAlc changes (either improvement or deteriora-
tion) in order to prevent the occurrence of APDN.
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