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Abstract

Hypoglycemia in the absence of diabetes is often multifactorial and challenging to diagnose definitively. We present a case report and an
expanded series of adult females with reactive hypoglycemia who were diagnosed with Ehlers-Danlos syndrome (EDS). These patients
exhibited predominantly postprandial hypoglycemia, with some fasting and activity-induced episodes. Clinical findings included autonomic
dysfunction, gastrointestinal symptoms, and joint hypermobility. Interventions focused on medical nutrition therapy, continuous glucose
monitoring, and, in some cases, medication. Many patients continued to experience hypoglycemic episodes despite treatment. Key learning
points include the potential association between hypermobile EDS and hypoglycemia, the importance of confirming the Whipple triad, and
the need for multidisciplinary management. This case series highlights the need for further research into the prevalence and pathophysiology

of hypoglycemia in EDS.
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Introduction

Hypoglycemia without diabetes is often defined by timing or
provocative factors, such as fasting, postprandial,
exercise-induced, or mixed patterns. Symptoms, reflecting
parasympathetic and sympathetic activation, may include
sweating, tremor, dizziness, palpitations, fatigue, hunger,
and anxiety. Severe hypoglycemia may lead to neuroglycope-
nia, with difficulty concentrating, confusion, loss of con-
sciousness, seizure, and coma. Given the nonspecific nature
of symptoms, confirming hypoglycemia requires fulfilling
the Whipple triad: documented hypoglycemia during symp-
toms and resolution after normalization of glucose [1].
Diagnostic evaluation in adults focuses on excluding autono-
mous insulin secretion due to insulinoma, insulin-like factors pro-
duced by nonislet cell tumors, adrenal insufficiency, malnutrition,
other illnesses, congenital disorders, long QT syndrome [2], alco-
hol use, and medication side effects. Achieving a definitive diagno-
sis can be challenging, especially for postprandial hypoglycemia.
Reactive hypoglycemia can occur after upper gastrointestinal sur-
gery (eg, bariatric surgery, esophagectomy, gastrectomy, fundo-
plication) but has also been described in dysautonomia [3],
nonsurgical rapid gastric emptying, and other forms of intestinal
dysmotility [4] However, the etiology of reactive hypoglycemia re-
mains undefined for many patients. Diagnostic evaluation is often
complicated by significant symptom overlap between reactive
hypoglycemia and other conditions that cause postprandial symp-
toms without hypoglycemia, including dumping syndrome,
orthostatic hypotension, cardiac arrhythmias, and dysautonomia.
We report a series of patients with documented reactive hypo-
glycemia associated with Ehlers-Danlos syndrome (EDS), a
group of connective tissue disorders characterized by joint

instability, skin hyperextensibility, and tissue fragility [5].
Associated conditions may include dysautonomia, postural
orthostatic tachycardia syndrome [6], intestinal dysmotility,
hernias, headaches, fatigue, chronic pain, seizure, and mast
cell activation syndrome [7]. EDS is likely underdiagnosed,
with some patients seeking care for years before diagnosis.

Case Presentation

A 33-year-old female with an established clinical diagnosis of hy-
permobile EDS (hEDS) was referred for evaluation of possible
hypoglycemia during hospitalization for seizure-like activity.
Seizure-like activity had occurred 2 hours after breakfast, during
an outpatient visit when she reported fatigue, malaise, and dia-
phoresis; capillary glucose was 65 mg/dL (3.6 mmol/L, reference
range: 70-100 mg/dL; 3.9-5.6 mmol/L). The patient was hospi-
talized; after an overnight fast, she reported palpitations, leth-
argy, sweating, and dizziness. Capillary glucose was 61 mg/dL
(3.4 mmol/L); symptoms were relieved promptly with juice.

She reported the onset of similar symptoms during high
school, including weakness, sweating, shakiness, and piloerec-
tion, particularly after activity on warm days. An oral glucose
tolerance test performed at an external institution revealed
venous glucose of 45 mg/dL (2.5 mmol/L) at 2 hours, prompt-
ing the diagnosis of reactive hypoglycemia.

Atage 28, she sustained 2 concussions after head trauma, fol-
lowed by multiple seizure-like events. Video electroencephalog-
raphy during symptomatic events was negative for epileptic
seizures, with diagnosis of nonepileptic seizures. Worsening
nonepileptic seizure frequency prompted emergency room
evaluation; capillary glucose was 51 mg/dL (2.8 mmol/L). IV
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dextrose improved glucose to 70 mg/dL (3.9 mmol/L), but a
subsequent fall to 50 mg/dL (2.8 mmol/L) was associated with
recurrent seizure-like activity. Inadequate nutrition was deemed
the likely cause, despite stable body mass index 23 kg/m?.

The patient reported recurrent symptoms of weakness, fa-
tigue, dizziness, sweating, thirst, shakiness, palpitations, im-
paired memory, difficulty concentrating, slow thinking, and
confusion; home glucose monitoring revealed capillary glu-
cose <60 mg/dL (3.3 mmol/L). Episodes typically occurred
2 hours after breakfast, with activity >10 minutes, hot wea-
ther, showering, and occasionally in fasting and midnocturnal
states. She experienced 10+ events requiring emergency room
evaluation due to loss of consciousness.

hEDS had been diagnosed with a Beighton score of 9/9,
characterized by joint hypermobility, recurrent joint disloca-
tions; hyperextensible skin; atrophic scarring; dental crowd-
ing with a high, narrow palate; striae unrelated to weight
gain/loss; recurrent abdominal hernia; piezogenic heel pap-
ules; and chronic widespread pain. Mitral regurgitation was
noted on echocardiogram. Additional diagnoses included pos-
tural orthostatic tachycardia syndrome (POTS), small fiber
neuropathy, dysautonomia, Raynaud syndrome, orthostatic
hypotension, pleural effusions, biliary dyskinesia, gastroeso-
phageal reflux, constipation, goiter, hearing loss, polycystic
ovarian syndrome, intestinal bacterial overgrowth, migraine,
iron deficiency anemia, and vitamin B12 deficiency. There
was no history of hypoglycemia during infancy or childhood,
upper gastrointestinal surgery, disordered eating, or adrenal
insufficiency. Weight was stable for several years with a
body mass index 22 to 23 kg/m?. Surgical history included re-
pair of meniscus and wrist ligaments. Medications included le-
valbuterol, multivitamins, B-complex, vitamin D3, and
magnesium, with stable usage over time.

The patient’s family history included maternal hEDS and
paternal type 2 diabetes, overweight, hypertension, and
hyperlipidemia. There was no family history of hypoglycemia;
multiple endocrine neoplasia; or disorders of adrenal, pituit-
ary, parathyroid, or pancreas.

Diagnostic Assessment

Laboratory testing after overnight fasting on 3 separate occasions
showed normal venous glucose (81-89 mg/dL [4.5-4.9 mmol/L];
reference range: 70-100 mg/dL [3.9-5.6 mmol/L]) and appropriate
B-cell peptides (insulin 2.7-3.9 plU/mL [18.7-27 pmol/L]; refer-
ence: <18.4 plU/mL [128 pmol/L]), proinsulin <7.5 pmol/L (refer-
ence: < 8.8 pmol/L), C-peptide 0.60-0.85 ng/mL [0.20-0.28 nmol/
L] (reference: 0.8-3.85 ng/mL [2-9.6 nmol/L]). Morning cortisol
(13-14 pg/dL. [359-386 nmol/L];  reference:  5-25 pg/dL
[138-690 nmol/L]) and postcosyntropin cortisol, TSH, gastrin,
IGF1, IGF2, and prolactin were normal. Abdominal computed
tomography and brain magnetic resonance imaging were unre-
markable. During an inpatient fast, she developed chest pressure,
palpitations, paresthesias, and confusion at 36 hours, with concur-
rent plasma glucose of 51 mg/dL (2.8 mmol/L). Glucose increased
by 15 mg/dL (0.83 mmol/L) 30 minutes after glucagon administra-
tion, consistent with a lack of excessive insulin action during
prolonged fast. At fast termination, there was appropriate sup-
pression of insulin (2.3 pIlU/mL [16 pmol/L]; reference range
for prolonged fast: <3 plU/mL [20.8 pmol/L]), proinsulin
(4.5 pmol/L; reference: <5 pmol/L), and C-peptide (0.55 ng/mL
[0.18 nmol/L]; reference: <0.2 nmol/L [0.6 ng/mL]), with nor-
mal glucagon (57 pg/mL [57 ng/L]; reference: 50-100 pg/mL
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[50-100 ng/LL]) and robust induction of ketogenesis
(B-hydroxybutyrate 5.7 mmol/L; reference for prolonged fast:
>2.7 mmol/L).

The overall assessment was predominantly reactive hypo-
glycemia, potentially related to disordered autonomic control
of glucose metabolism in the context of prior traumatic brain
injuries, intestinal dysmotility, and EDS. Although the major-
ity of available glucose levels were capillary samples, low ca-
pillary glucose corresponded closely with venous samples
during fasting.

Treatment

Initial treatment included a Dexcom G6 continuous glucose
monitor (CGM), uncooked cornstarch, and glucagon for
emergency use. Medical nutrition therapy focused on frequent
small meals with low glycemic index foods. Despite meticu-
lous adherence, CGM revealed sensor glucose <70 mg/dL
(3.9 mmol/L) for 3% to 12% of all readings, most commonly
postbreakfast, postactivity, and during midnocturnal hours
(range: 42-147 mg/dL [2.3-8.2 mmol/L]).

Outcome and Follow-up

The patient was followed in a hypoglycemia-focused clinic,
and her clinical status remained stable.

Additional patients with EDS and similar patterns of con-
firmed hypoglycemia were recognized in our hypoglycemia-
focused clinic (Tables 1 and 2). Most patients had a confirmed
hEDS diagnosis; 69% had an EDS family history. Autonomic
dysfunction (dysmotility, dysautonomia, neuropathy, POTS,
orthostatic hypotension, and mast cell activation syndrome)
was common. All patients experienced reactive hypoglycemia;
61% also reported fasting hypoglycemia. Minimum plasma
and capillary glucose were 47 (2.6 mmol/L) and 39 mg/dL
(2.1 mmol/L), respectively. These observations suggested a
strong association between EDS and hypoglycemia.

Discussion

We report documented hypoglycemia occurring in patients
with EDS. Hypoglycemia symptoms were most common post-
prandially but also after activity, short-term fasting, and de-
layed meals. Symptoms were confirmed by venous, sensor,
and/or capillary glucose. Some individuals experienced neuro-
glycopenia, loss of consciousness, and seizures.

EDS is a hereditary connective tissue disorder with 13 de-
fined subtypes, all characterized by abnormalities in connect-
ive tissue [8, 9]. hEDS is the most common form, with a
primarily autosomal dominant inheritance pattern, but specif-
ic genes remain unidentified. Diagnosis relies on clinical cri-
teria including the hEDS checklist and Beighton scoring,
with an exam demonstrating hypermobility, skin extensi-
bility, and atrophic scarring. Additional features include
dysautonomia [10, 11], POTS, dysmotility/gastrointestinal
complaints [12], recurrent hernias, dislocations/subluxations,
headaches, fatigue, and pain. Gastrointestinal manifestations
include both structural (hernias, rectoceles, prolapse) and
functional (dysmotility) abnormalities [13]. Dysautonomia
may encompass altered sympathetic reactivity, potentially re-
lated to neuropathy, connective tissue laxity, and vasoactive
medications [11].
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Table 1. EDS related history

Case Age Sex BMI EDS diagnosis EDS family Dysmotility Dysautonomia Neuropathy POTS Orthostatic MCAS

# history hypotension

1 20 F 26 Yes, h_EDS + + MALS - + + +

2 42 F 40 Yes, h_EDS - - Suspected Suspected + - -

3 26 F 25 Yes, EDS III + + + Suspected + - +

4 44 F 25 Yes, h_EDS - + + + - + Suspected

5 40 F 18 Yes, h_EDS Adopted + + Suspected - + -

6 35 F 22 Yes, h_EDS + + + + + - -

7 33 F 22 Suspected h_EDS - + + + + + -

8 61 F 27 Yes, h_EDS + - - - - - -

9 57 F 39 Yes, h_EDS + - - - - - -

10 57 F 20 Yes, Classic EDS  + + Suspected - - - -

11 29 F 24 Yes, h_EDS + - - - - - -

12 22 F 24 Hypermobility + + Suspected + + + +
syndrome

13 34 F 34 Yes, h_EDS + + Suspected - + + -

+ indicates diagnosed presence; — indicates absence.

Abbreviations: BMI, body mass index; EDS, Ehlers-Danlos syndrome; hEDS, hypermobile Ehlers-Danlos syndrome; MALS, median arcuate ligament syndrome;
MCAS, mast cell activation syndrome; POTS, postural orthostatic tachycardia syndrome.

Symptoms of palpitations, diaphoresis, dizziness, fatigue,
nausea, anxiety, brain fog, cognitive changes, blurred vision,
and loss of consciousness may overlap between EDS-related
disorders and hypoglycemia. Therefore, careful documenta-
tion of glucose at the time of symptoms is required in order
to fulfill the Whipple triad; venous glucose is preferred for
diagnosis, as alterations in blood flow may reduce the accur-
acy of capillary and sensor glucose measurements, potentially
yielding falsely low values. Professional (masked) continuous
glucose monitoring with a symptom, activity, and meal diary
can be helpful to assess patterns but not for diagnosis.

The diagnostic approach for possible hypoglycemia (Fig. 1)
begins with a comprehensive history, examination, and verifi-
cation of the Whipple triad (low venous glucose at the time of
symptoms or multiple capillary glucose measurements if ven-
ous sampling is not feasible).

If the Whipple triad criteria are met, hypoglycemia is con-
firmed. Subsequent evaluation is aimed at defining the etiology
of hypoglycemia using a critical sample by measuring B-cell pep-
tides (insulin, proinsulin, C-peptide), B-hydroxybutyrate, cortisol,
and possibly other hormones. If samples at the time of docu-
mented hypoglycemia are not available, prolonged fasting may
be needed to assess the contribution of B-cell peptides and to fully
exclude those disorders requiring distinct therapy, such as insuli-
noma or other tumors, noninsulinoma pancreatogenous hypo-
glycemia syndrome, autoimmune hypoglycemia, malnutrition,
side effects of medications or supplements, and hormone deficien-
cies (eg, adrenal insufficiency). In hypoglycemia with predomin-
ant reactive (postprandial or postexercise) patterns, potential
causes include upper gastrointestinal surgery, autoimmune hypo-
glycemia, insulinoma, noninsulinoma pancreatogenous hypogly-
cemia syndrome, or drug-related factors. If the patient does not
respond to initial management (eg, medical nutrition therapy,
acarbose, CGM), further laboratory testing, imaging for localiza-
tion, and/or prolonged fasting should be considered.

The index patient described in this report had previously
had an oral glucose tolerance test; however, this is not

recommended as part of the evaluation, as it is nonphysiologic
and induces hypoglycemia in 10% of healthy people [14].

A relationship between EDS and hypoglycemia has not been
previously described to our knowledge. Possible etiologic fac-
tors linking EDS to hypoglycemia may include intestinal dys-
motility, dysautonomia, and Chiari malformation. In our
experience, B-cell peptides are appropriately suppressed at
the time of hypoglycemia in EDS-associated hypoglycemia.

Gastrointestinal manifestations, including dysmotility, are
common in hEDS. Notably, rapid gastric emptying may con-
tribute to postprandial hypoglycemia in affected individuals
[15, 16]. Gastric emptying studies may be considered based
on symptom patterns. Disordered eating, reduced caloric in-
take, or malabsorption could reduce gluconeogenesis and/or
glycogen stores [17, 18]. Celiac disease, gluten intolerance,
Crohn’s disease, reflux esophagitis, and mast cell activation dis-
orders may be more prevalent in EDS, potentially contributing
to dysregulation of gut and immune function [17, 19, 20].

EDS-associated autonomic dysfunction could influence hypo-
glycemia via several mechanisms. First, recurrent hypoglycemia
may impair counterregulation in response to declining glucose,
reducing awareness of hypoglycemia (hypoglycemia-associated
autonomic failure) and increasing vulnerability to hypoglycemia
[21]. Second, autonomic dysfunction could alter neuronal re-
sponses to hypoglycemia. Glut2-dependent glucose-sensing neu-
rons regulate insulin secretion through vagal firing [22], while
hypothalamic nutrient sensing modulates hepatic glucose pro-
duction via autonomic projections to the liver [23].

Small fiber neuropathy is common in EDS [24]. Individuals
with hEDS and gastrointestinal symptoms also score higher
on orthostatic domains in autonomic symptom scales [235,
26]. Altered blood flow could also result in falsely low capil-
lary and sensor glucose readings, underscoring the importance
of venous glucose levels for diagnosis.

Chiari malformation (type I) is associated with EDS [27]. It
may cause altered intracranial pressure, resulting in vagal
hypertonia. In turn, vagal stimulation of pancreatic islets
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Case  Hypoglycemia Fasting Reactive Minimum reported plasma  Minimum reported capillary  Hypoglycemia

# onset (age) hypoglycemia hypoglycemia glucose [reference range: glucose [reference range: family history
70-100 mg/dL; 70-100 mg/dL;
3.9-5.6 mmol/L] 3.9-5.6 mmol/L]

1 Childhood - + 42 mg/dL (2.3 mmol/L) 28 mg/dL (1.6 mmol/L) -

2 18 - + 61 mg/dL (3.4 mmol/L) 47 mg/dL (2.6 mmol/L) +

3 22 + + 46 mg/dL (2.6 mmol/L) 40 mg/dL (2.2 mmol/L) -

4 38 + + 40 mg/dL (2.2 mmol/L) 50 mg/dL (2.8 mmol/L) -

5 14 + + 52 mg/dL (2.9 mmol/L) 36 mg/dL (2.0 mmol/L) NA

6 30 + + 54 mg/dL (3.0 mmol/L) 51 mg/dL (2.8 mmol/L) -

7 30 + + 50 mg/dL (2.8 mmol/L) 45 mg/dL (2.5 mmol/L) -

8 58 (post-RYGB) - + NA 40 mg/dL (2.2 mmol/L) NA

9 44 (post-RYGB) - + NA 38 mg/dL (2.1 mmol/L) -

10 Adulthood + + 47 mg/dL (2.6 mmol/L) 40 mg/dL (2.2 mmol/L) +

11 Childhood + + 32 mg/dL (1.8 mmol/L) 30 mg/dL (1.7 mmol/L) +

12 Childhood + + NA 30 mg/dL (1.7 mmol/L) -

13 Adulthood - + NA 31 mg/dL (1.7 mmol/L) -

(pre-VSG)

+ indicates presence; — indicates absence.

Abbreviations: NA, not available; RYGB, Roux-en-Y gastric bypass; VSG, vertical sleeve gastrectomy.

can increase insulin stimulation. Chiari malformation effects
on the brainstem may also cause dysregulation of counterre-
gulatory mechanisms [28].

If EDS is suggested on the basis of history and examination,
the short (<10-minute) hEDS Diagnostic Checklist may be a
useful screening tool. If the patient meets clinical criteria, refer-
ral to a geneticist or other clinician experienced in differentiating
EDS from other connective tissue disorders is recommended.

As with all patients with established hypoglycemia, manage-
ment requires a multidisciplinary team. Although no estab-
lished guidelines exist, management is informed by experience
in treating hypoglycemia associated with other conditions.
Individualized medical nutritional therapy should focus on ad-
equate macronutrient intake and minimizing gastrointestinal
symptoms while considering preferences and intolerances.
Limiting carbohydrates to only low glycemic index (complex)

Symptoms consistent with
hypoglycemia in a generally
well-appearing person

Medical evaluation including
history and physical examination

Reassess
l l Postprandial syndrome Dietary
Dumping syndrome modification
Obtain additional critical” samples Urcarain Whipple triad criteria met?
Consider CGM for pattern analysis We"”“sr'.’f“"’d g““;‘e '““;‘:"’9“ a‘.ltlhe “”“e of - -
(not diagnosis) symptoms; i ndqt asible, hrnu tiple cah;‘u ary glucose Autonomic dysfunction
readings may be acceptable) 0 ﬂhOSla_liC —
hypotension " specific
= Anxiel'yr management
Arrhythmia
Fasting pattern Hypoglycemia Confirmed

Consider CGM to help define
precipitating factors

Consider these diagnoses, with targeted

Predominantly reactive
(postprandial or post-exercise) pattern

hormonal evaluation as indicated:
Insulinoma
Autoimmune hypoglycemia
Adrenal insufficiency
Growth hormone deficiency

Reactive hypoglycemia
Upper gastrointestinal surgery
Non-islet cell tumors
Autoimmune hypoglycemia

Medical Nutrition Therapy
Acarbose
CGM (adjunct)

Non-islet cell tumors Insulinoma
Medication or supplement-related Ve NIPHS
Accidental, surreptitious, or malicious Medications, supplements &
ETOH; Drugs drugs If not responding

Unripe ackee fruit poisoning

Laboratory testing and/or
localization to complete
diagnostic evaluation

Figure 1. Evaluation of individuals with possible hypoglycemia. *Critical sample indicates blood sample at time of documented hypoglycemia.
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carbohydrates (20-30 g for meals, 10-15 g for snacks) and en-
suring adequate protein intake can be helpful. Alcohol should
be avoided as it can worsen hypoglycemia. Uncooked corn-
starch or related products may be used before activity, bedtime,
or other vulnerable periods [29].

If dietary measures are insufficient and safety is compro-
mised, medications may be indicated, such as acarbose, espe-
cially in individuals with rapid gastric emptying. While
additional medications can be considered based on glycemic
patterns and severity, complete elimination of hypoglycemia
is unlikely with current options.

Personal CGMs with alarms, despite lower accuracy at low
glucose ranges, may help individuals with severe hypoglycemia
and unawareness to identify impending episodes and initiate
treatment to prevent severe hypoglycemia. If a CGM is not
available, glucose monitoring 1 to 3 hours after meals, with ac-
tivity or exercise, and when symptomatic can be helpful. Even
with a CGM, patients should be educated to recognize healthy
glucose patterns and encouraged to verify low sensor glucose
readings with capillary measurements. Patients should ensure
their fingers are warm and well-perfused to avoid falsely low
readings, especially in those with Raynaud phenomenon.

In summary, we observe that hypoglycemia can occur in in-
dividuals with EDS and may present with largely postmeal
and activity-induced patterns. Thus, if a rigorous diagnostic
workup of a patient with established hypoglycemia does not
yield a specific diagnosis, clinicians should consider evaluation
for EDS using clinical criteria. We recognize that both EDS
and hypoglycemia are uncommon, and ascertainment bias
could confound the association. Future research will be re-
quired to assess the prevalence of hypoglycemia in EDS co-
horts, dissect relationships between glucose and possible
hypoglycemic symptoms, and define the pathophysiology
underlying this potential association.

Learning Points

e EDS can be associated with hypoglycemia, with largely
postprandial or activity-induced patterns.

¢ Gastrointestinal manifestations, such as dysmotility and
rapid gastric emptying, are common in EDS and may con-
tribute to postprandial symptoms and hypoglycemia.

¢ Autonomic dysfunction in EDS may impair counterregu-
lation, increasing vulnerability to and reducing awareness
of hypoglycemia.

¢ Overlapping symptoms between hypoglycemia and
EDS-related disorders necessitate confirmation of the
Whipple triad through documentation of glucose patterns
and symptoms and careful evaluation to exclude other
disorders.

¢ Management of hypoglycemia in hEDS requires a multi-
disciplinary approach, with medical nutrition therapy fo-
cusing on low glycemic index carbohydrates, adequate
protein intake, and uncooked cornstarch and medications
as needed.
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