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Abstract:

The most common and most serious diabetic emergencies in type 2 diabetic mellitus (T2DM) individuals are diabetic
ketoacidosis and hyperosmolar hyperglycaemic (HH) state or hyperosmolar non-ketotic hyperglycaemia. Hyperosmolar
hyperglycemia state is a serious condition caused by extreme hyperglycemia in T2DM. HH is usually characterized by
extreme elevations in serum glucose level and hyperosmolality in individuals with no significant ketosis. These metabolic
disturbances are the result from synergistic factors mainly insulin deficiency as well as increased levels of counter
regulatory hormones viz. glucagon, catecholamines, cortisol, and other growth hormone. Wolfram Syndrome (WS) or
DIDMOAD syndrome (Diabetes Insipidus Diabetes Mellitus Optic Atrophy and Deafness) is a rare genetic disorder to be
known. DM is typically the first symptom of WS and onset is usually at the age of 6 years. A diabetic coma is a life-
threatening and fatal diabetes complication that causes unconsciousness in long term T2DM patients. The severe
conditions of both hypo- or hyper- glycemia may cause diabetic coma. Here we are describing the brief about Diabetic

emergencies lead to coma and unconsciousness.
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Background:

Diabetic ketoacidosis (DKA) is specifically a symptom of T1DM and
T2DM[1,2]. Around the globe the most common precipitating cause of
DKA and HH is infection, any traumatic or stressful situation such as
cardiovascular attacks, myocardial infarction, drugs, etc. The
pathogenesis of DKA or HH comprises insulin deficiency as well as
increased levels of counter regulatory hormones viz. glucagon,
catecholamines, cortisol, and other growth hormone which lead to
increase glucose production in liver and their decreased consumption in
peripheral tissues[3].In DKA, the severe shortage in insulin and elevated
counter-regulatory hormones lead to upregulate the lipolysis and
production of ketone bodies which lead to metabolic acidosis[4].1t is not
known till date that individuals with HH don’t develop ketoacidosis, but
it is predicted to be owing decreased level of free fatty acids (FFA) or
increased level of portal vein insulin [5]There are many types of diabetic
syndromes with associated complications that may cause the coma in an
individuals.

Hyperglycemia:

Hyperglycemia or high blood glucose level is the condition in which an
excessive increase in amount of glucose level which circulates in
the plasma of blood. For diabetic individuals, level of glucose may vary
from one individual to other, mainly due to the individual’s renal
threshold of glucose and overall glucose tolerance in  an
individual. Several other factors can contribute to hyperglycemiain
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diabetic individual, including life style and genetic makeup as well
physical activity and kind of profession. Other factors include illness,
nondiabetes medications, or skipping or not taking enough glucose-
lowering anti-diabetic drugs. It is important to check and regulate
hyperglycemia, because if left untreated it can become adverse and lead
to very serious complications such as diabetic coma. In the long term
persistent high glucose level, even if not severe, may lead to other
associated complications affecting your eyes (retinopathy), kidneys
(nephropathy), nerves (neuropathy) and heart problems. There are no
physiological symptoms during hyperglycemia until glucose level values
are significantly increased - usually above 180 to 200 mg/dL. There are
progressive increments in symptoms over several days or weeks. If it is
untreated, it may cause toxicity in the individual usually as ketone bodies
formation (elevated ketones in blood and urine) results ketoacidosis.

Hypoglycemia:

Hypoglycemia, a reciprocate of hyperglycemia or low blood sugar level,
is when blood sugar level decreases to below normal glucose levels. It
comprises a variety of symptoms like trouble while talking, confusion in
mind, unconsciousness, etc. The most common cause of it is medications
i.e. anti-diabetic drugs and their combinations used to treat T2DM. Risk
is high in diabetic individuals who have eaten less than usual intake,
exercised more than usual or have drunk alcohol[6].Other major causes of
it include kidney failure, certain kind of tumors such as insulinoma, liver
associated diseases, hypothyroidism, prolonged starvation, inborn error
metabolic ~ disorders, severe  pathogenic infections, reactive
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hypoglycemia and a number of drugs and prolonged use of alcohol.
Immediate treatment and attention is required for hypoglycemia when
blood sugar levels are less than 70 mg/dL. The severe hypoglycemic
condition may lead to coma.

Hyperosmolar Hyperglycemia State:

Hyperosmolar hyperglycemia state (HHS) is a serious condition which is
caused by extremely high blood glucose levels (hyperglycemia) in T2DM
individuals. The first cases of HHS was reported in the 1880s in an
individual with an “unusual diabetic coma” characterized by severe
hyperglycemia. This is mainly characterized by severe hyperglycemia,
hyperosmolality and dehydration in the absence of ketoacidosis[7],and it
is mostly found in elder T2DM patients however, it has also been reported
in children as well as in young adults[8]. The overall mortality rate is upto
20%, which is almost 10 times greater than the mortality in individuals
with diabetic ketoacidosis (DKA)[9].

Pathophysiology:

HHS is mainly characterized by extreme elevations in serum glucose level
and hyperosmolality in an individual without significant ketosis. Such
metabolic derangements result from many synergistic factors mainly
insulin deficiency and high levels of counterregulatory hormones.*® The
main reason for the development of Hyperglycemia are because of an
increased gluconeogenesis and rapid conversion of glycogen to glucose
during glycogenolysis and by inadequate use of this glucose by peripheral
tissues especially by muscle. The increased hepatic glucose level and its
production represents the major pathogenic imbalance as well as
disturbance responsible for hyperglycemia in DKA individuals [11].As
the concentration of glucose and osmolality of extracellular fluid increase,
an osmolar gradient is created that will draws water out from the cells.
Initially it prevents the development of severe hyperglycemia as long as
the glomerular filtration rate is normal and the acellular fluid increase, an
osmolar gradient is created that draws water out from the cells[12]The
Higher concentration of insulin in hepatic and circulating fluid as well as
decreased glucagon are present in HHS compared with individuals with
ketoacidosis. The higher circulating ratio of insulin/glucagon in HHS
individuals prevents ketogenesis and the manifestation of ketoacidosis.
This concept is supported by animals and humans clinical studies, which
have shown that the half-maximal insulin concentration and antilipolysis
is lower than for glucose use by the peripheral tissues[13].Severe
hyperglycemia is associated with a severe inflammatory state which is
characterized by an elevation of pro-inflammatory cytokines (tumor
necrosis factor-a, interleukin-1p, Interleukin-6 and Interleukin -8) as well
as reactive oxygen species with insulin secretion and its action.
Hyperglycemia causes an increase in oxidative stress markers such as
peroxidation of membrane lipids[14].The degree of lipid peroxidation is
directly proportional to the concentrations of glucose in T2DM
individuals. The increase in the level of circulating proinflammatory
cytokines are reduced to normal levels promptly in response to insulin
therapy and causes normalization of blood glucose level[15].

Diagnostic Criteria of HHS:

According to definition and diagnostic criteria of HHS, it provided an
insights into the pathophysiology of the syndrome they called
“hyperglycemic hyperosmolar nonketotic coma” (HHNK). It included a
blood glucose level >600 mg/dL, a total serum osmolarity level >350
mOsm/L and a serum acetone reaction from 0 to 2 pluses when the serum
was diluted 1:1 with distilled water[13,17]The term HHNK has now
replaced with “hyperglycemic hyperosmolar state (HHS)” to reflect the
current fact that many HHNK individuals present without significant
decrease in the consciousness level (less than 1/3 of coma patients) and
because many individuals may present with mild to moderate degrees of
ketosis[18]. In some previous reports, up to 20% of individuals with
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severe hyperglycemia and hyperosmolarity were reported to have
combined features of both HHS and DKA[19].

Wolfram Syndrome:

Wolfram Syndrome, a rare genetic disorder or DIDMOAD syndrome
(Diabetes Insipidus, Diabetes Mellitus, Optic Atrophy and Deafness).
Patients demonstrate T2DM followed by optic atrophy in the first ten
years, diabetes insipidus and sensorineural deafness in the next ten years,
dilated renal outflow tracts early in the next ten years and multiple
neurological abnormalities early in the prolonged forties. The hallmark
features of this DIDMOAD syndrome are high blood glucose levels
resulting from a shortage of the insulin hormone (T2DM) and progressive
vision loss due to degeneration of the optic nerves that carry information
from the eyes to brain usually optic atrophy and people with Wolfram
syndrome often also have dysfunction of pituitary gland that results in the
excretion of excessive amounts of diluted urine (diabetes insipidus),
hearing loss caused by changes in the inner ear (sensorineural deafness),
urinary tract problems, reduced amounts of the sex hormone testosterone
in males (hypogonadism) or neurological or psychiatric disorders as well.
T2DM is typically the primary symptom of Wolfram syndrome, usually
diagnosed around age 6. For the first time in 1938, wolfram described four
siblings with T2DM and optic atrophy[20].Wolfram individuals usually
die from central respiratory failure as a result of brain stem
atrophy[21].Wolfram syndrome is considered a rare disease and estimated
to afflict about 1 in 1.6-7.7 lakh individuals[22].

Common Clinical Presentation

The common manifestations of Wolfram syndrome include T2DM, optic
nerve atrophy, diabetes insipidus, sensorineural deafness, urinary tract
problems and progressive neurologic difficulties. T2DM is typically the
first manifestation, usually diagnosed around age 6[23].Optic nerve
atrophy, marked by loss of color vision and peripheral vision, follows
around age of 11 years[23]Central diabetes insipidus is another common
problem, affecting approximately 70 % of Wolfram patients[23]Urinary
tract problems are another major clinical challenge for Wolfram syndrome
patients affecting 60 to 90 % of the population. These include obstruction
of the ducts between the kidneys and bladder, high-capacity atonal
bladder, disrupted urination, bladder sphincter dyssynergia and difficulty
controlling urine flow[23].Moreover to this mood disorder and autonomic
dysfunction are commonly seen in Wolfram syndrome [24].

Diagnosis

Suspicion of the diagnosis of Wolfram syndrome is generally based on
history and clinical symptoms and their manifestations. Most commonly,
the observation of optic nerve atrophy after the diagnosis of T2DM under
the age of 16 years triggers the suspicion of this syndrome and the
increasing avalanche indicates that Wolfram syndrome is a spectrum
disorder. Diabetes insipidus, sensorineural deafness, neurological signs
including ataxia, autonomic neuropathy, and epilepsy and neurogenic
bladder in combination with T2DM or optic nerve atrophy could be a sign
of Wolfram syndrome. The medical record and family histories and the
clinical findings/physical examination are vital for the diagnosis of
Wolfram syndrome, genetic testing has been proven to be useful to
confirm the diagnosis of it.

The development of genetic tests for this syndrome has
identified WFS1 as the main locus mutated in the majority of
patient[25].Sanger sequencing-based genetic testing of the WFS1 gene
usually confirms the diagnosis of it. Majority of patient individual have
recessive mutations in the WFS1 gene[26].Dominant mutations in the
WFS1 are a common cause of low-frequency sensorineural hearing loss
[27].A small number of individuals carry recessive mutations in the
CISD2 (WFS2) gene[28].
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Etiology

Initially this syndrome was categorized as mitochondrial disease due to
its symptoms and several previous reports of mitochondrial mutations.
However, it has now been established that Wolfram syndrome is a
prototype of endoplasmic reticulum (ER) disease[29].The ER a
membrane network of cells involved in protein synthesis, calcium storage,
redox regulation, steroid synthesis, cell signaling and cell death. In
Wolfram syndrome, mutations in the WFS1 gene lead the distruction of
pancreatic B-cells and neuronal cells. This gene encodes atransmembrane
protein of ER and reflect that the ER dysfunction is a major pathogenic
part of Wolfram syndrome. In Wolfram syndrome, WFS1 mutations lead
to increased level of ER stress, pancreatic B cell dysfunction, and the
initiation of ER stress-associated cell death[27].WFS2 also encodes a ER
localized transmembrane protein[30].In individuals with WFS2 mutation;
T2DM and hearing impairment were reported. Their clinical presentation
in individual carrying WFS1 mutations for the absence of diabetes
insipidus and for the presence of upper intestinal ulcers and defective
platelet aggregation[30], suggesting that there are different and
overlapping functions of WFS1 and WFS2.

Diabetic Coma

The reversible form of coma found in people with T2DM. A diabetic coma
is a life-threatening diabetes associated complication that causes
unconsciousness .The severe conditions of both Hypo- or Hyper-
glycemia can cause diabetic coma.

Diabetic Ketoacidosis:

TIDM are found in approximately 1 in 300 individuals[31].The
prevalence of DKA is about 30% in children having TLDM[32].DKA is
defined by the American Diabetes Association (ADA), the European
Society for Paediatric Endocrinology (ESPE) and the Pediatric Endocrine
Society (PES) as hyperglycemia and venous pH < 7.3 and/or bicarbonate
< 15 mmol/L. DKA increases the mortality rate in children with TLDM
and the most common and primary complication of DKA is cerebral
edema[33].Many of DKA children are found in some degree of altered
mental status. The altered status is due to acidosis or hyperosmolarity,
although some reports showed that subclinical cerebral edema commonly
occurs in DKA individuals[34].Clinical studies of both adult and pediatric
patients with TIDM and DKA have described a variety of transient
changes in coagulation factors viz. increased platelet activation,
fibrinolytic activity and endothelial activation[35]. The procoagulant state
of DKA places individuals at increased risk of ischemic brain injury as
well as subsequent hemorrhagic conversion mainly arising from hypoxia
and vascular injury[36]Early clinical signs and symptoms of CNS injury
include nonspecific findings such as headache, confusion, lethargy and
unexpected fluctuations in heart/respiratory rate or blood pressure, which
lead to coma[37].

Acknowledgments

MS is thankful to Indian Council of Medical Research for Research
Associate fellowship (IRIS I1D: 2019-5194) to carry out the work. The
departmental equipment facility is duly acknowledged.

Conflict of interest

The authors declare no conflict of interest.

References

1 Umpierrez GE, Woo W, Hagopian WA, Isaacs SD, Palmer
JP.et al.( 1999) Immunogenetic analysis suggests different

Auctores Publishing — Volume 2(1)-009 www.auctoresonline.org

10

14

16

17.

pathogenesis for obese and lean African-Americans with
diabetic ketoacidosis. Diabetes Care;22:1517-1523.
Balasubramanyam A, Zern JW, Hyman DJ (1999).New profiles
of diabetic ketoacidosis: type 1 vs type 2 diabetes and the effect
of ethnicity. Arch Intern Med;159:2317-2322.

Polonsky WH, Anderson BJ, Lohrer PA, Aponte JE, Jacobson
AM et al. (1994).Insulin omission in women with IDDM.
Diabetes Care;17:1178-1185.

Felig P, Sherwin RS, Soman V, Wahren J,Hendler R et al.
(1979) Hormonal interactions in the regulation of blood
glucose. Recent Prog Horm Res;35:501-532.

Chiasson JL, Aris-Jilwan N, Belanger R,( 2003). Diagnosis and
treatment of diabetic ketoacidosis and the hyperglycemic
hyperosmolar state. CMAJ;168:859-866.

Campbell IW, Duncan LJ, Innes JA, et al. Abdominal pain in
diabetic metabolic decompensation. Clinical significance.
JAMA 1975;233:166-168.

Pasquel, FJ; Umpierrez, GE (November 2014). "Hyperosmolar
hyperglycemic state: a historic review of the clinical
presentation, diagnosis, and treatment”. Diabetes Care. 37 (11):
3124-31.

Rosenbloom AL.(2010) Hyperglycemic hyperosmolar state: an
emerging pediatric problem. J Pediatr;156:180-184.

Milionis HJ, Elisaf MS. (2005) Therapeutic management of
hyperglycaemic hyperosmolar syndrome. Expert Opin
Pharmacother. Sep; 6(11):1841-1849.

Macaulay MB.( 1971) Hyperosmolar non-ketotic diabetes.
Postgrad Med J. 1971 Apr; 47(546):191-196.

Luzi L, Barrett EJ, Groop LC, Ferrannini E, DeFronzo RA.
Metabolic effects of low-dose insulin therapy on glucose
metabolism in diabetic ketoacidosis.Diabetes. 1988 Nov;
37(11):1470-1477.

Miles JM, Haymond MW, Nissen SL, Gerich JE. (1983)Effects
of free fatty acid availability, glucagon excess, and insulin
deficiency on ketone body production in postabsorptive man. J
Clin Invest. Jun; 71(6):1554-1561.

Rains JL, Jain SK. (2011) Oxidative stress, insulin signaling,
and diabetes. Free Radic Biol Med. Mar 1;50(5):567-575.
Stentz FB, Umpierrez GE, Cuervo R, Kitabchi AE. (2004)
Proinflammatory cytokines, markers of cardiovascular risks,
oxidative stress, and lipid peroxidation in patients with
hyperglycemic crises. Diabetes. Aug; 53(8):2079-2086.

Gerich JE, Martin MM, Recant L. (1971) Clinical and metabolic
characteristics of hyperosmolar nonketotic
coma. Diabetes;20:228-238.

Arieff Al, Carroll HJ. (1971) Hyperosmolar nonketotic coma
with hyperglycemia: abnormalities of lipid and carbohydrate
metabolism. Metabolism ;20:529-538.

Alberti KG, Hockaday TD. (1977) Diabetic coma: a reappraisal
after five years. Clin Endocrinol Metab ;6:421-455.

Umpierrez GE, Kelly JP, Navarrete JE, Casals MM, Kitabchi
AE. (1997) Hyperglycemic crises in urban blacks. Arch Intern
Med. Mar 24; 157(6):669-675.

Wolfram DJ, Wagener HP. (1938) Diabetes mellitus and
simple optic atrophy among siblings: report of four cases.. pp.
715-718.

Barrett TG, Bundey SE, Macleod  AF.(1995)
Neurodegeneration and diabetes: UK nationwide study of
Wolfram (DIDMOAD) syndrome. Lancet. Dec 2;
346(8988):1458-63.

Kinsley BT, Swift M, Dumont RH, Swift RG. (1995) Morbidity
and mortality in the Wolfram syndrome. Diabetes Care. Dec;
18(12):1566-1570.

Barrett TG, Bundey SE, Macleod AF. (1995)
Neurodegeneration and diabetes: UK nationwide study of


https://www.auctoresonline.org/journals/diabetes-and-islet-biology
http://www.auctoresonline.org/
https://en.wikipedia.org/wiki/Coma
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://doi.org/10.1016/B978-0-12-571135-7.50016-3
https://www.ncbi.nlm.nih.gov/pubmed/805854
https://www.ncbi.nlm.nih.gov/pubmed/805854
https://www.ncbi.nlm.nih.gov/pubmed/805854
https://www.ncbi.nlm.nih.gov/pubmed/805854
https://www.ncbi.nlm.nih.gov/pubmed/805854
https://www.ncbi.nlm.nih.gov/pubmed/19185
https://www.ncbi.nlm.nih.gov/pubmed/19185
https://www.ncbi.nlm.nih.gov/pubmed/19185
https://www.ncbi.nlm.nih.gov/pubmed/19185
https://www.ncbi.nlm.nih.gov/pubmed/9080921
https://www.ncbi.nlm.nih.gov/pubmed/9080921
https://www.ncbi.nlm.nih.gov/pubmed/9080921
https://www.ncbi.nlm.nih.gov/pubmed/9080921
https://www.ncbi.nlm.nih.gov/pubmed/9080921

24

21

JDiabetesand IsletBiology 8

Wolfram (DIDMOAD) syndrome. Lancet. Dec 2;
346(8988):1458-63.

Swift RG, Sadler DB, Swift M.(1990) Psychiatric findings in
Wolfram  syndrome homozygotes. Lancet. Sep 15;
336(8716):667-669.

Inoue H, Tanizawa Y, Wasson J, Behn P, Kalidas K, et al(1998)
A gene encoding a transmembrane protein is mutated in patients
with diabetes mellitus and optic atrophy (Wolfram syndrome).
Nat Genet. Oct; 20(2):143-148.

Hansen L, Eiberg H, Barrett T, Bek T, Kjaersgaard P.et al
(2005) Mutation analysis of the WFS1 gene in seven Danish
Wolfram syndrome families; four new mutations identified. Eur
J Hum Genet. Dec; 13(12):1275-1284.

Bespalova IN, Van Camp G, Bom SJ, Brown DJ, Cryns K, et
al (2001) Mutations in the Wolfram syndrome 1 gene (WFS1)
are a common cause of low frequency sensorineural hearing
loss. Hum Mol Genet. Oct 15; 10(22):2501-2508.

Amr S, Heisey C, Zhang M, Xia XJ, Shows KH, et al (2007 )
A homozygous mutation in a novel zinc-finger protein, ERIS,
is responsible for Wolfram syndrome 2. Am J Hum Genet. Oct;
81(4):673-683.

Ishihara H, Takeda S, Tamura A, Takahashi R, et al
(2004)Disruption of the WFS1 gene in mice causes progressive
beta-cell loss and impaired stimulus-secretion coupling in
insulin secretion. Hum Mol Genet. Jun 1; 13(11):1159-1170.
Fonseca SG, Fukuma M, Lipson KL, Nguyen LX, Allen JR, et
al (2005) WFS1 is a novel component of the unfolded protein
response and maintains homeostasis of the endoplasmic
reticulum in pancreatic beta-cells. J Biol Chem. Nov 25;
280(47):39609-15.

Auctores Publishing — Volume 2(1)-009 www.auctoresonline.org

3L

Mozzillo E, Delvecchio M, Carella M, Grandone E, Palumbo
P.et al (2014) A novel CISD2 intragenic deletion, optic
neuropathy and platelet aggregation defect in Wolfram
syndrome type 2. BMC Med Genet. Jul 24; 15:88.

Maahs DM, West NA, Lawrence JM, Mayer-Davis EJ.( 2010)
Epidemiology of type 1 diabetes. EndocrinolMetabClin North
Am. Sep; 39(3):481-497.

Dabelea D, Rewers A, Stafford JM, Standiford DA, Lawrence
JM, et al (2014) Trends in the prevalence of ketoacidosis at
diabetes diagnosis: the SEARCH for diabetes in youth study.
Pediatrics. Apr; 133(4):938-945.

Edge JA, Ford-Adams ME, Dunger DB.( 1999) Causes of death
in children with insulin dependent diabetes 1990-96. Arch Dis
Child. Oct; 81(4):318-323.

Glaser N.(2009) Cerebral injury and cerebral edema in children
with diabetic ketoacidosis: could cerebral ischemia and
reperfusion injury be involved? Pediatr Diabetes. Dec;
10(8):534-541.

lleri NS, Biiyiikasik Y, Karaahmetoglu S, Ozatli D, Sayinalp N,
et al (1999) Evaluation of the haemostatic system during
ketoacidotic deterioration of diabetes mellitus. Haemostasis.
Nov-Dec; 29(6):318-325.

Foster JR, Morrison G, Fraser DD.(2011) Diabetic
ketoacidosis-associated stroke in children and youth. Stroke
Res Treat. 2011 Feb 22; :219706.

Singhal AB, Biller J, Elkind MS, Fullerton HJ, Jauch EC, et
al(2013) Recognition and management of stroke in young adults
and adolescents. Neurology. Sep 17; 81(12):1089-1097.


https://www.auctoresonline.org/journals/diabetes-and-islet-biology
http://www.auctoresonline.org/
https://www.ncbi.nlm.nih.gov/pubmed/10490436
https://www.ncbi.nlm.nih.gov/pubmed/10490436
https://www.ncbi.nlm.nih.gov/pubmed/10490436
https://www.ncbi.nlm.nih.gov/pubmed/10490436
https://www.ncbi.nlm.nih.gov/pubmed/10490436
https://www.ncbi.nlm.nih.gov/pubmed/10490436

