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MITOCHONDRIAL DISORDERS IMPACT
ENDOCRINE FUNCTION

e Multiple endocrine disqrders
haye een glssomated w1th
primary mitochondrial diseases.

- Certain sub-types have increased
likelihood of endocrine disease.

* Today’s goal: focus on blood
sugar problems and related
disorders.

Other systemic manifestations

?5-— Central nervous system
3 | (stroke-like episodes,

Endocrine manifestations ! _
; epilepsy, dementia, movement
Short stature disorders & cerebellar ataxia)
(genotypically heterogeneous) AA
. o Sensorineural deafness
Hypoparathyroidism
(Single, large-scale Eyes (CPEQ, pigmentary retinal

mtDNA deletion) changes, optic atrophy)

Hypoadrenalism

. Heart (cardiomyopathy,
(000, argo scale WPW & bradyarrhythmia
MtDNA deletion) yarrhythmia)
Diabetes mellitus Liver failure
(m.3243A>G and .
i Kidney (FSGS,
other mtONA variants) tubtlopathy & CKD)

Gl system (dysphagia,
chronic constipation
& IPQ)

Hypogonadism & Perrault syndrome
(POLG and other nuclear genes)

£)

Pregnancy-related complications
including gestational diabetes,
hypertension and preterm delivery

Peripheral nervous system
(myopathy, neuropathy,
exercise intolerance &
fatigue)

e Bone marrow
§ \ﬂ/ (sideroblastic anaemia
| & pancytopenia)

Genomic testing
1. Direct mtDNA variant/ nuclear gene
testing for classic syndromes
2. Mitochondrial genome/ WES/ WGS

3. Consider muscle biopsy for specific
circumstances

Management

1. Symptomatic treatments & supportive
measures
2. Surveillance for complications

3. Genetic counseling & cascade testing
of other family members

4. Reproductive options

Preclinical & translational research

1. Disease mechanisms
2. Natural history/ observational studies
3. Trials of novel therapies

© 2071 Ensecrion Seckny

Ng et al., NR Endo (PMID: 34644386)
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OUTLINE

 Diabetes mellitus & hypoglycemia
 Adrenal insufficiency
» Growth disorders

* Not included here: calcium homeostasis & bone health, thyroid
disease, excess weight gain, hypogonadism (see resources)
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PREVALENT & TREATABLE

ndocrine Disorders in Primary
Milochondrial Disease
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* North American Mitochondrial Disease Consortium
* N=404 (molecular diagnosis)

« Common endocrine diagnoses: atypical growth & sexual
maturation (47%), diabetes mellitus (13%), hypothyroidism (6%)

» Other endocrine diagnoses: hypoglycemia, adrenal insufficiency,

hypoparathyroidism, impaired bone health
Al-Gadi et al., JES 2018 (PMID: 29594260)
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GLUCOSE HOMEOSTASIS

High blood sugar: requires evaluation
High
. Safe Range (health))”
"""""""""""""" e Metabolic
BLOOD Normal — ~ Disease
oMeAR T A — Healthy
“SafeRange .....
L (disease)”
Low blood sugar: requires evaluation
Limited Excessive
NUTRIENT AVAILABILITY
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MITOCHONDRIAL DIABETES: SYMPTOMS

2z 3 Tired?
0-

4 Thinner?

®
2 Toilet?

i 1 Thirst?

Emergencies: diabetic ketoacidosis, hyperosmolar hyperglycemia

@.l Children's Hospital
¢ U of Philadelphia



SLMDMS, CASE #1 (FEMALE)

Height BMI

Stature-for-age Percentiles (Girls, 2 to 20 years) 100 % /v " ZoomIn Zoom Out ® CDC GIRLS (2-20 YEARS) [JDo not show this again | Hide
180 Try the new Extended BMI Chart Girls (2-20 YEARS) dataset for a better visualization of BMI for high-BMI patients
BMI-for-age Percentiles (Girls, 2 to 20 years) 100 % |v| Zoom In  Zoom Out

Stature (em)
N 3

Endocrinopathies: 4 yo: hypoparathyroidism; 8 yo: short stature; 10 yo: mitochondrial DM
Also has: ataxia, fine motor impairment, ptosis, SNHL, pancreatic insufficiency, pancreatitis, renal

insufficiency, heart block O-I
&
d
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MITOCHONDRIAL DIABETES: BEYOND “TYPE
1” & “TYPE 2

 Diabetes: 37.3 million US individuals
(CDC)

* Pre-diabetes: 96 million US adults
(CDC)

. Af'“““
« CDC: Type 1 (autoimmune, 5%), Type | e e ag:g;‘:l
2 (heterogeneous, weight-related, Ny | motabolism
00%), gestational, “other” ‘lv

e Current framework does not
work well!

—T—— w‘ .,

« Abnormal glucose metabolism is
common 1n mitochondrial disease.
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MITOCHONDRIAL DIABETES: CASE

* 6y0, excess urination and thirst

« Random blood sugar: 629 m%l/ dL
(200 mg/dL+, consistent with DM)

* HbA1c 9.6% (reference, <5.7%)

 No ketones, no anti-pancreatic
auto-antibodies

 Started insulin

« Also: ptosis, decreased tone, high [orespnatomams) \ |
lactate, retinal dystrophy, ECG with
heart block person
 Diagnosis: mtDNA deletion (KSS) syndrome

cardiomyopathy,
tumor, chronic
fatigue syndrome

Pearson marrow-
pancreas syndrome

myopathy, KSS,
encephalomypathies

diabetes and
deafness

Pearson marrow-
pancreas syndrome,

\(PEO. KSS, cancer,

myopathy, age,
Alzheimer’s disease,
Parkinson’s disease,
Pearson syndrome,
unfertilized oocytes,

diabetes and deafness

-

ocular
myopathies

and KSS

Amy Goldstein (CHOP MMFP); Chen et al., J Hum Genet 2011 (PMID: 21866113)
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MITOCHONDRIAL DIABETES: BEYOND “TYPE
1” & “TYPE 2

* By some estimates, up to 5% of “typical” DM is
mitochondrial (e.g., A3243G; A8296G; T14577C).

DM is common in mtDNA deletions (e.g., KSS).

« DM occurs in nuclear mutations as well (e.g.,
POLG, RRM2B, OPA1).

 In children, DM has more acute onset, with
insulin deficiency (e.g., DKA).

e In adults, DM has more insidious onset, more
insulin resistance, still occurs at lower BMI,
earlier age (~30’s), and with more
nephropathy/neuropathy (but less retinopathy)
than “typical” T2D.

1
§
L]

1
"
§

Karaa & Goldstein, Pediatric Diabetes 2015 (PMID: 25330715)
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MITOCHONDRIAL DIABETES: TREATMENT

ADA 2023 Guidelines for Intensification

Reasons for

insulin : PHARMACOLOGIC TREATMENT OF HYPERGLYCEMIA IN ADULTS WITH TYPE 2 DIABETES
diabetic ketoacidosis, B e e e e
hyperglycemia owe) l
causing dehydration ooz mnosts

or weight loss. Watch mcaons

Incorporate agents that provide adequate EFFICACY to achieve and maintain glycemic goals
3 Higher glycemic efficacy therapy: GLP-1 RA; insulin; combination approaches (Table 9.2)
+  Consider additional comorbidities, patient: and needs in choice

5/ | CKD and CKD without
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electrOI eS ' wm" (e.g.. g2m maig (53".6%:';‘;6,“ erapy,
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' ! [ 8
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. \
L] L] - = ‘ 1 ¢
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risk/benefit balance ———— e O M P prsa [ gy —
=80 mLimin{1.73 m* without ooty erd fmanagement needs ) Incerparating SGLT2I and vice versa comorbidities, patient-centered trsatment
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al l l I I O I I 1t0r1 I lg rigk consider DPP-4i (weight neutral)
L]

¥
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comerbidities, patient-centered treatment
factors, and meeds
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MITOCHONDRIAL DIABETES: TECHNOLOGIES

e Solutions exist for those with vision
and mobility impairment.

* Novel forms of glucagon (e.g.,
premixed, intranasal) are valuable.

 Technologies exist to monitor blood
sugar and deliver insulin (and transmit
data).

» Automated insulin delivery systems are
also available.

DM monitoring

& Children’s Hospital
14 I of Philadelphia
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MITOCHONDRIAL DIABETES: SUMMARY

| Sugpectes nitechorena Sizbies

» Insulin secretion requires mitochondrial ATP
production. e

e Insulin resistance (e.g., in muscle) can occur.

e Educate regarding symptoms. —
* Screen annually. e I
 Manage based on physiology, including blood | ‘ e

ket O n e S ol ol e Clavie of og 2ar shan'd ke
° l indivdual

 Select medications based on comorbidities o S —
and risk for off-target effects. T ey

 Use technology (CGM, pumps) where possible. TTTTTeT—

Yeung et al., J Diabetes Complications 2020 (PMID: 32331977)
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HYPOGLYCEMIA

* Symptoms: sweaty, shaky, pale, can
proceed to seizure and
unresponsiveness, reversible
with carbohydrate.

* Look for treatable causes (e.g.,
malnutrition, cortisol deficiency,
liver problems).

* Treat, reverse catabolism.

* Ideally, have an emergency plan
and letter in place before illness.

Often (but not always):

KEEP
CQAUM

PUSH
D10

‘“1?‘ Children’s Hospital
4 I of Philadelphia



HYPOGLYCEMIA

* When evaluating, we divide into
ketotic and non-ketotic

. Adequate energy Limited energy

hypoglycelfna. o stores: burning mostly  stores: burning mostly
e Often, “fasting” hypoglycemia is carbohydrate

ketotic.
* Often, “reactive” hypoglycemia is

non-ketotic.
» Some individuals with metabolic

disorders cannot produce ketones. v

KETONES ,

15 @1 Children’s Hospital
¢ U of Philadelphia

—
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HYPOGLYCEMIA

* Inpatient diagnostic fasting
studies (controlled
monitoring).

* Compare mitochondrial
disease (suspected, confirmed)
to idiopathic ketotic
hypoglycemia.

» Fasting time was shorter, and
ketone production was less.

w =
o o
g
L N

Patrick Hanley, CHOP/Nemours

@.I Children's Hospital
¢ U of Philadelphia



17

HYPOGLYCEMIA

e Initial evaluation: check blood
sugar when symptomatic, check after
longest usual fasting interval.

 Goal blood sugar at least 70 mg/dL
(less than 50 mg/dL = emergency).

e Check ketones (blood, not urine)!
» Ketones <0.6 mmol/L = trace.
e Next steps: based on findings.

 Management: surveillance, rescue,
support.

e Watch out for NPO status!

CH

Children's Hospital
of Philadelphia’
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ADRENAL INSUFFICIENCY

e Mitochondria are critical for
steroid synthesis.

* Symptoms of adrenal
insufficiency: low blood
sugar, low blood pressure,
low sodium levels,
especially with critical
illness.

Stressors Circadian regulation
(hypoglycemia, ,&

hypotension,
surgery, fever,:% Hypathalamus

injury)

. / Vasopressin

/) <= Pro-inflammatory
cytokines

ACTH

v

Adrenals

M

Cortisol

Williams, 12" edition

@1 Children's Hospital
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ADRENAL INSUFFICIENCY = V;

Zona glomerulosa

* Screening: 8a ACTH, cortisol
(PRA/aldosterone, DHEAS)

e Provocative testing

e Decisions around
replacement:
glucocorticoid/mineralocorticoid,
formulation, daily, stress-dose

» Adverse effects (iatrogenic
Cushing’s)

19

Capsule

Zona fasiculata

Zona reticularis

0
\esie

—p | Mineralocorticoids

Rx: fludrocortisone

—p | Glucocorticoids

~Cotex  Rx: hydrocortisone,
prednisone

—» | Androgens

Medulla '\5)\ | ,-."\‘)—b Catecholamines
] A Y . .
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ADRENAL INSUFFICIENCY: WHO NEEDS
TESTING?

Table 1. I)&criptive statistles of chmical characterishics in pediatne
intensive care unil (FICU) patienty with and withoul mitochondrial
. . . cllsense,
([
HIStO,ry Of haVIIlg recelved Factor Mitochondrial Cther dingnoses
steroid medications (e.g., dlspase
predmsone). Age in years, median (OR) 7.6 (9.0) 1.6 (11.6)
L . . I ength of stay in days, 2.0 (13.6) 1.7 (1.4)
* Individuals with suggestive e (OR)
Symptoms warrant testing. Martality, % dereasord s 2. 8%
. Em iI'iC “stress steroids” are FRISM score msdian (IQR) 3(6) 2 {5)
p : - ) PIM? scare (KOR) =358 (1.88) —4.74 (2.02)
SOmetlmeS glven 1N ICU Hours on ventilator, /1.5 (182.7) 14.0 (44.')
. edlan (IOR
settings. e
TQR & canlilé einye,

Ehinger et al., Ped Res 2021 (PMID: 33627817)
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SLMDMS, CASE #1 (FEMALE)

Height BMI

Stature-for-age Percentiles (Girls, 2 to 20 years) 100 % v 6] Zoom In!| Zoom Ot @ CDC GIRLS (2-20 YEARS)

Try the new Extended BMI Chart Girls (2-20 YEARS) dataset for a better visualization of BMI for high-BMI patients
BMI-for-age Percentiles (Girls, 2 to 20 years) 100 % v 1 oominlZeom Ot

[[1Do not show this again = Hide

180

Stature (em)

Endocrinopathies: 4 yo: hypoparathyroidism; 8 yo: short stature; 10 yo: mitochondrial DM
Also has: ataxia, fine motor impairment, ptosis, SNHL, pancreatic insufficiency, pancreatitis, renal

insufficiency, heart block
@* Children's Hospital
i

of Philadelphia’
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GROWTH REQUIRES ENERGY

Height &

a7 °* 1 1 12 13 14 15 16 17 18 19 20
11 -
3

 Impaired growth can be the === - i oiAChoRiiagg BMI

° : ° i s Sunre | e Commerts = I
presentation of mitochondrial = == SEsEm
e Sl
disease. TR e e B
i et // ;'/ ] A . , ! _/ ol
. Example case: 11yo, post—natal ; i A o P Bee e
‘ . : sois DO : i e E B ] o
growth failure (also had fatigue, ,//;:/J:;; o [l o S 5 B e
. ° o ° 240 / * . 5410 — 26 ‘ A e 26—
hypothyroidism, and eye findings). |24 b el - ook
-m-::; LR Sz : w0 -2 / 4 = - 23—
R M EEY/7,) A 7 ¢! ) A WA LT L]
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! oL shel 4 1 e e e
S [, of*| e AGE (vEARS) 1 o

T ::z I 5::; 2 a 4 5 6 7 8 £ |.0 |‘| 1‘2 134 s |‘G |-7 Mo 20

hif it

PN JUDS S WSS - -
17 14 1€ 1A 17 119 W

Holloman et al., BMJ Case Rep 2013 (PMID: 23420719)
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GROWTH TRAJECTORIES

=BMDCS, F=Mito, F =BMDCS, M=Mito, M
180+
160+
160-
3 €
O 140/ Lk
-t -t
= £ 140
- -
7] : 7]
= Girls (n=62, mean): I Boys (n=74, mean):
6 Height Z-score -0.84 Height Z-score -0.70

BMI Z-score 0.15 120 BMI Z-score 0.14

APV: 11.6y (vs. 11.6) APV: 13.4y (vs. 13.4y)

PHV: 7.8 cm/yr (vs. 7.9) PHV: 9.0 cm/yr (vs. 10.0)

|
5 10 15 20 5 10 15 20 |
Age (years) Age (years)
CHOP MMFP
Short stature becomes more pronounced at puberty. @_I Children's Hospital
23 4 I of Philadelphia
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CAUSES OF IMPAIRED GROWTH

BMI Height
.. . Z-score Z-score
* Nutrition/GI disorders | |
e Other endocrine disorders, | | | ’
including hypothyroidism or - —
sex steroid deficiency | |
» Growth hormone deficiency | | ‘ '
» Stress/adaptation? S s e e

Classes of mitochondrial disorders (CHOP MMFP):
1) Complex assembly; 2) Membrane Function; 3) mtDNA deletion;
4) mtDNA maintenance; 5) Translation

@1 Children's Hospital
¢ U of Philadelphia



GROWTH HORMONE: DECISION TO TREAT?

 Symptoms: short stature or decreased growth velocity, low
blood sugar, fatigue, decreased muscle mass, impaired bone
density

* Assessment: exclude/mitigate other causes, IGF1/IFBP3,
consider GDF15, provocative testing

e Management: consider GH (adult vs. pediatric dosing)

 Other considerations: adverse effects of GH (stress, DM),
patient-specific risk/benefit balance, manage expectations

25 @1 Children’s Hospital
¢ U of Philadelphia
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SUMMARY

* Endocrine disorders are prevalent in individuals with
mitochondrial disorders.

 Evidence-supported and symptom-directed patient screening is
appropriate.

» Identify opportunities for effective interventions.

@1 Children's Hospital
¢ U of Philadelphia



OTHER RESOURCES

HOME NEWS & UPDATES EDUCATION M3 JOURNAL MEMBERSHIP COURSES

CARE NETWORK ABOUT DONATE CONTACT

27

HOW CAN WE HELP? 1-800-TRY-CHOP Ways to Give Research International Healthcare Professionals Diversity Careers
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FIND A DOCTOR DEPARTMENTS CONDITIONS LOCATIONS YOURVISIT v

tochondrial Disease

M

What is mitochondrial disorder?

Mitochondrial disease, or mitochondrial disorder, refers to a group
mitochondria, which are tiny compartments that are present in alm

The mitochondria’s main function is to produce energy. More mitoc

| want|

MITOCHONDRIAL

Search... MEDICINE SOCIETY

ADVANCING EDUCATION, RESEARCH, AND GLOBAL COLLABORATION IN CLINICAL
MITOCHONDRIAL MEDICINE

[ Genomic Search v }|Enter search term here. Mouse-over for examples. R

MSeqDR: the Mitochondrial Disease Sequence Data Resource Consortium

A global effort, 100+ mitochondrial disease experts.

Securely collects and shares data for rare diseases, patients and causative mutations.

Tools designed for mitochondrial diseases and mtDNA mutations.

Choose a Tool to Analyze Your Data:

I have single gene,
disease, p

variant, region,
henotype

I have variants or genes | have VCF from WES or WGS, and || | have raw sequence data _
clinical data

& Children's Hospital
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MANY THANKS!
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