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Introduction 

Glucose homeostasis in the human body depends on a 
variety of gluco-regulatory organs including pancreas, liver, 
adrenals, kidneys, pituitary, and hypothalamus, and is also 

under the strict control by multiple hormones, viz. insulin, 

glucagon, catecholamines, cortisol, and growth hormone 

(GH) (1). Given the multi-organ and multi-hormonal 

regulation of glucose, hypoglycaemia which is defined as 
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blood glucose levels less than 4 mmol/L is likely to happen 
due to significant derangements of any of these organs and 
hormone systems (2). Spontaneous hypoglycaemia develops 
when the utilization of glucose exceeds its production 
from both exogenous (dietary) and endogenous (liver and 
kidney) sources. The tissues that are involved in glucose 
utilization are brain, obligatory glycolytic tissues such as 
red blood cells and renal medullae, and insulin sensitive 
tissues especially, the skeletal muscles (3). Spontaneous 
hypoglycaemia results from a variety of causes including 
critical illness and hormonal deficiencies. In this review, 
we aim to go through the available literature to elaborate 
the pathophysiology, clinical features, and the management 
of spontaneous hypoglycaemia in adults caused by critical 
illnesses and hormone deficiencies.

We searched PubMed (http://www.ncbi.nlm.nih.
gov/pubmed/) database for articles in English language 
published from 1930 to September 2020, and selected 
papers on the basis of quality, and relevance for this 
review. The following keywords/MeSH terms were 
used for identifying appropriate citations: “spontaneous 
hypoglycaemia”, “glucose homeostasis”, “critical illness”, 
“sepsis”, “renal failure”, “liver failure”, “heart failure”, 
“respiratory failure”, “hypothermia”, “malnutrition”, 
“intoxication”, “circadian rhythm”, “hormone deficiencies”, 
“adrenal insufficiency”, “hypothyroidism”, “growth 
hormone deficiency”, “glucagon deficiency”, “catecholamine 
deficiency” and “hypopituitarism”. We further filtered the 
number of articles identified by the keyword search by 
appropriate use of the Boolean operators “AND”/“OR” 
when necessary. We gave particular emphasis on evidence-
based guidelines and high-quality studies while writing this 
narrative review. We present the article in accordance with 
the narrative review checklist provided (available at http://
dx.doi.org/10.21037/jlpm-2020-ash-01).

Epidemiology of spontaneous hypoglycaemia

In a retrospective cohort study done using electronic 
emergency medical service (EMS) patient record system 
in Finland, spontaneous hypoglycaemia was found to 
be a common cause of hypoglycaemia, accounting for 
41.6% of all cases of hypoglycaemia and among patients 
with spontaneous hypoglycaemia, 23.2% were found to 
have serious hypoglycaemia (defined as blood glucose 
value <3 mmol/L) (4). The estimated annual incidence of 
spontaneous hypoglycaemia was 1,082 cases per 100,000 
inhabitants. The commonest aetiologies for spontaneous 

hypoglycaemia encountered by the EMS were alcohol 
abuse (41.4%; 95% CI: 39.8–42.9), hypothermia (17.2%; 
95% CI: 16.0–18.4), malnutrition (17.0%; 95% CI: 
15.8–18.2), intoxication (13.5%; 95% CI: 12.4–14.6), and 
infections (14.3%; 95% CI: 13.3–15.5) (4). Less common 
causes for spontaneous hypoglycaemia were renal failure, 
liver failure, heart failure, malignancies, and endocrine 
problems. In patients with spontaneous hypoglycaemia, the 
mortality at 1 year varied based on the age and aetiology of 
hypoglycaemia (4). Patients with renal failure, liver failure, 
cardiac failure and malignancies have nearly 50% mortality 
at 1 year. The mortality at 1 year for those presenting with 
infection was nearly 20%, hypothermia and malnutrition 
was nearly 15% and alcohol abuse was nearly 6% (4). 

In another retrospective study using a national inpatient 
database from 2008 to 2012 in Japan, spontaneous 
hypoglycaemia accounted for 20–30% of hospitalizations 
with hypoglycaemia, at a rate of 3.8 per 10,000 admissions (5). 
An estimated 5,000–7,000 cases were admitted annually with 
hypoglycaemia. The common aetiologies for spontaneous 
hypoglycaemia in these inpatients were malignancies (15.8%), 
cerebrovascular diseases (13%), pneumonia (11.2%), renal 
failure (8.6%), and heart failure (7.8%). The study showed 
that inpatients with spontaneous hypoglycaemia had an 
increased mortality rate compared to inpatients with 
diabetic hypoglycaemia, when the observations from this 
study was compared with the data from another study (6) 
done by the same group in diabetic subjects (14.9% versus 
3.8%) (5).

Spontaneous hypoglycaemia and the iatrogenic 
hypoglycaemia have notably different pathogenesis and 
prognostic implications. In a large retrospective cohort 
study on patients hospitalised for acute myocardial 
infarction between 2000 and 2005 in the United States, 
those who developed spontaneous hypoglycaemia 
had increased mortality, as compared to those who 
developed hypoglycaemia following insulin initiation (7). 
The investigators proposed that those who developed 
spontaneous hypoglycaemia were having higher disease 
burden and comorbidities, both of which were thought to 
be the reasons for hypoglycaemia and increased mortality. 
They considered hypoglycaemia as a marker of poor 
outcome, rather than the mediator of higher mortality. The 
study, however, was underpowered to detect mortality in 
subjects with iatrogenic hypoglycaemia. 

A retrospective cohort study in hospitalized non-
critically ill patients also made a similar observation that the 
spontaneous hypoglycaemia was associated with increased 
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mortality with a hazard ratio (HR) of 2.62 (95% CI: 1.97–
3.47, P<0.001), as compared to the iatrogenic hypoglycaemia 
(HR: 1.06, 95% CI: 0.74–1.52, P=0.749) (8). The study 
also observed that, once adjusted for comorbidities, the 
association between spontaneous hypoglycaemia and 
mortality was eliminated (HR: 1.11, 95% CI: 0.76–1.64, 
P=0.582). Thus, in the general medical ward with non-
critically ill patients, spontaneous hypoglycaemia as such 
is not associated with increased mortality, and it is just 
as a marker of disease burden (co-morbidities). Similar 
observation was also noted among patients with sepsis 
associated spontaneous hypoglycaemia (9). 

A large retrospective study among hospitalised patients in 
Israel showed that hypoglycaemia, which is common in the 
geriatric population, was a marker or poor health and general 
deterioration without any direct impact on survival (10). Elderly 
patients are prone to develop spontaneous hypoglycaemia due 
to polypharmacy, frailty, multiple organ failure, malnutrition, 
malignancies, and underlying dementia. The proposed 
pathogenic mechanisms for increased hypoglycaemia risk in 
the elderly population are impaired glucagon and epinephrine 
release in response to hypoglycaemia and reduced awareness of 
the autonomic symptoms of hypoglycaemia (11).

Hypoglycaemia associated with critical illness

Many patients develop hyperglycaemia in response to acute 
illness as a stress response. In critically ill patients without 
diabetes, the stress hyperglycaemia that occurs, up to a certain 
level, is beneficial by increasing the glucose supply to the 
tissues at times hypoperfusion (12). A retrospective study using 
intensive care unit (ICU) records from Germany showed 
that severe hyperglycaemia (>11.1 mmol/L or 200 mg/dL) 
in critically ill patients without diabetes managed in ICU had 
high mortality [odds ratio (OR) 2.15; 95% CI: 1.79–2.57] (12).  
Similarly, hypoglycaemia (≤3.9 mmol/L or 70 mg/dL) was 
also associated with high ICU mortality (OR 2.94; 95% 
CI: 2.28–3.80). In the subset of patients with diabetes 
mellitus, severe hyperglycaemia (defined as blood sugar 
value>11.1 mmol/L) was not associated with increased ICU 
mortality (OR 1.05; 95% CI: 0.68–1.62), whereas iatrogenic 
hypoglycaemia was associated with high ICU mortality (OR 
4.71; 95% CI: 2.60–8.55) (12). 

As the serum glucose level of <3.0 mmol/L (<54 mg/dL; 
clinically significant hypoglycaemia) is associated with 
neuroglycopenia, and arrhythmia (13), the investigators 
recalculated the ICU mortality in patients having type 2 
diabetes mellitus (T2DM) with blood glucose levels between 

3–3.9 mmol/L and <3 mmol/L (14). They observed that the 
association between hypoglycaemia and mortality did not 
remain significant after correction for Acute Physiology and 
Chronic Health Evaluation II (APACHE2) score [OR 1.18; 
95% CI: 0.46–3.02] when the blood glucose levels were 
between 3 and 3.9 mmol/L, whereas it remained significant 
after correction for APACHE2 (OR 8.26; 95% CI: 2.41–
28.29) and lactate (OR 4.85; 95% CI: 1.61–14.57) when the 
glucose levels were <3 mmol/L (14). 

In a recent retrospective cohort study from the United 
States, hospital mortality did not differ between iatrogenic 
versus spontaneous hypoglycaemia (OR 1.22, 95% CI: 0.77–
1.93) in critically ill patients (15). In another retrospective 
cohort study from two ICUs in Melbourne and Sydney 
[2000–2004], there was a proportionate increase in hospital 
mortality related to the severity of hypoglycaemia and 
that both spontaneous as well as iatrogenic hypoglycaemia 
were associated with increased mortality risk (16). A study 
among all hospitalised patients showed that both iatrogenic 
hypoglycaemia as well as spontaneous hypoglycaemia 
were associated with increased mortality (17). Moreover, 
spontaneous hypoglycaemia was associated with greater 
mortality risk compared to iatrogenic hypoglycaemia. 

In conclusion, among hospitalised non-critically ill 
and critically ill patients, those who develop spontaneous 
hypoglycaemia have at least equal or even greater mortality 
risk when compared to those who develop iatrogenic 
hypoglycaemia, and in these patients, hypoglycaemia is only 
a marker of comorbidity, not directly contributing to the 
mortality risk. 

Glycaemic targets in noncritically and critically ill patients

As spontaneous and iatrogenic hypoglycaemia are associated 
with increased mortality, close glucose monitoring is 
indicated in all critically ill patients with or without 
diabetes mellitus. The nondiabetic patients should maintain 
glucose in the range 3.9–11.1 mmol/L (12). However, in 
patients with diabetes, a glucose level of >11.1 mmol/L might 
not cause any immediate consequences, but glucose levels  
<3.9 mmol/L should be avoided. The American Diabetes 
Association (ADA 2020) recommends a target glucose of  
7.8–10.0 mmol/L (140–180 mg/dL) for majority of critically ill 
and noncritically ill patients (18). More stringent glucose target 
of 6.1–7.8 mmol/L (110–140 mg/dL) in critically ill postsurgical 
or post-cardiac surgery patients is desirable, if achievable without 
significant hypoglycaemia. The ADA also recommends a less 
stringent target of >10 mmol/L (180 mg/dL) in patients with 
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terminal illness or severe comorbidities, and in the inpatient 
settings where frequent glucose monitoring or close nursing 
supervision is not feasible (18).

Pathogenesis of hypoglycaemia associated with critical 
illness

Critical illnesses and multiple organ failure result in 
reduction in gluconeogenesis, and the metabolic stress 
increases the glucose utilization by the tissues (2). 
Additionally critical illness is associated with suboptimal 
nutrition and insufficient provision of glucose. Failure 
of multiple organs like liver and kidney, associated with 
dysfunction of endocrine glands such as adrenal and 
pituitary may also contribute to hypoglycaemia associated 
with critical illness (2). Table 1 gives the common causes of 
hypoglycaemia that should not be missed in any critically 
ill patient. In critical illness, hypoglycaemia is deleterious 
as it increases the systemic inflammatory response, 
induces neuroglycopenia, limits the glucocorticoid 
response to stress, impairs the sympathetic responsiveness, 
induces cerebral vasodilatation, and also through other 
unidentified mechanisms (19-22). Moreover, hypoglycaemia 
could significantly worsen the critical illness-induced 
neurocognitive dysfunction (23), and prolong the length of 
stay in ICU independent of the severity of illness, thereby 

increasing the heath care expenses (24). 

Sepsis including malaria
Stress hyperglycaemia following infection is a physiological 
response secondary to increase in insulin resistance and 
catecholamine release (25). However, hypoglycaemia can be 
a sign of overwhelming sepsis with worse outcomes, and is 
much more common than previously recognized (26). The 
hypoglycaemia in sepsis can be due to increased glucose 
utilisation by macrophage-rich tissues such as liver, lung, spleen, 
ileum, and skin (27), depletion in glycogen stores (26), decrease 
in hepatic glucose output associated with decreased sensitivity 
to counterregulatory hormones, or adrenal insufficiency 
associated with increase in metabolic demand (25). The 
common pathogens causing hypoglycaemia, even in people 
without diabetes mellitus, include Streptococcus pneumoniae, 
Haemophilus influenzae type b, Streptococcus pyogenes, and 
Escherichia coli (26,28).

A retrospect ive  cohort  s tudy on subjects  with 
radiologically proven pneumonia showed that those who 
developed hypoglycaemia at presentation had 3 times 
higher 30-day mortality than those with normal plasma 
glucose (27 vs. 8.6), after adjusting for severity of illness 
and other potential confounders like presence of diabetes 
mellitus (29). Thus, while managing community acquired 
pneumonia, the patients presenting with hypoglycaemia 
should be closely monitored even when adult pneumonia 
specific scoring systems including CURB-65 or Pneumonia 
Severity Index suggest that these patients can be discharged 
as these systems do not consider hypoglycaemia as a major 
risk factor for mortality. 

A retrospective analysis of patients with Escherichia 
coli bacteraemia revealed that nearly 4.6% developed 
hypoglycaemia and the incidence was nearly equal in 
diabetic and nondiabetic individuals (28). Those who 
developed hypoglycaemia during bacteraemia had a poor 
prognosis, and 4.7-fold higher mortality, as compared to 
those without hypoglycaemia, especially in those with renal 
and hepatic dysfunction. In a retrospective cohort study of 
patients with gram negative bacteraemia, a proportionate 
rise in mortality was observed depending on the deviation 
in blood glucose from a central value associated with lowest 
mortality (30). Greater deviation of blood glucose from the 
central value (8.6 mmol/L or 155 mg/dL) was associated 
with higher mortality.

Hypoglycaemia with blood glucose in the range of 
2.2–3.9 mmol/L or 40–70 mg/dL has been shown to 
be associated with nearly 2-fold increased mortality in 

Table 1 Common causes of hypoglycaemia in a critically ill patient

Critical illness associated hypoglycaemia

Infections: sepsis, malaria

Organ failure: renal failure/hepatic failure/cardiac failure

Other illnesses: underlying malignancy, malnutrition, and 
hypothermia

Drug related causes of hypoglycaemia

Diabetic drugs including insulin: most common drug related 
cause 

Other medications: pentamidine, quinine, quinolones

Polypharmacy

Intoxication: alcohol, tramadol, methadone, amphetamine

Endocrine insufficiency associated hypoglycaemia

Common causes: adrenal insufficiency and hypopituitarism

Rare causes: hypothyroidism, GH/glucagon/catecholamine 
deficiency

GH, growth hormone.



Journal of Laboratory and Precision Medicine, 2021 Page 5 of 16

© Journal of Laboratory and Precision Medicine. All rights reserved. J Lab Precis Med 2021;6:7 | http://dx.doi.org/10.21037/jlpm-2020-ash-01

critically ill patients (31). Mild hypoglycaemia in patients 
with sepsis has been proven to be independently associated 
with increased in-hospital mortality (OR 3.43; 95% CI: 
1.51–7.82) (32). Moreover, even a single event was an 
independent risk factor (OR 2.98; 95% CI: 1.10–8.09) for 
in-hospital mortality. Kaplan-Meier analysis showed that 
hypoglycaemia was significantly associated with decreased 
1-year survival among these patients with sepsis. Mild 
hypoglycaemia was also associated with higher ICU-related 
complications as well (32).

Hypoglycaemia and lactic acidosis can occur in patients with 
severe infection from plasmodium falciparum malaria (33). The 
pathogenic mechanisms for hypoglycaemia are decreased 
glucose production, increased peripheral uptake of glucose, 
increased anaerobic glycolysis and quinine-induced 
hyperinsulinemia. However, there is no dose relationship 
between quinine and occurrence of hypoglycaemia (34). 
Pathogenesis of lactic acidosis is anaerobic glucose metabolism 
caused by microvascular sequestration of parasitized red 
blood cells that reduces the blood flow to tissues (33). 
Hypoglycaemia is an independent risk factor for mortality 
in falciparum malaria (OR 3.45; 95% CI: 2.30–5.16) (34) 
Thus, severe malaria cases should have regular glucose 
monitoring to detect hypoglycaemia, and once detected it 
should be treated with intravenous glucose (33). 

Renal failure
T h e r e  a r e  v a r i o u s  p a t h o g e n i c  m e c h a n i s m s  f o r 
hypoglycaemia in patients with renal failure. These 
mechanisms include calorie deprivation, decreased 
glycogen stores secondary to anorexia, vomiting, or protein 
restriction (2), lack of precursors of gluconeogenesis 
(alanine) secondary to muscle wasting (35), impaired 
renal gluconeogenesis secondary to reduced renal mass, 
impaired glycogenolysis, decreased renal clearance of 
insulin and hypoglycaemic agents (35), and decreased 
insulin degradation in peripheral tissues (36). Few other 
mechanisms include coexistent heart failure, liver failure 
or recurrent infections, endocrine dysfunction with 
deficient counterregulatory hormones like glucagon and 
catecholamines (35), and impaired hepatorenal glucose 
reciprocity secondary to uremic acidosis (37). Dialysis 
predisposes to hypoglycaemia as it is associated with 
a chronic state of malnutrition (35). The post-dialysis 
hypoglycaemia is due to glucose-induced hyperinsulinemia 
caused by the high glucose content in the dialysate.

The hepatorenal glucose reciprocity is defined as the 
reciprocal changes in hepatic and renal glucose release 

to maintain normoglycaemia (38). Thus, any decrease 
in glucose release by kidney or liver is associated with a 
compensatory increase in glucose release by liver or kidney 
so as to prevent hypoglycaemia. The primary regulator of 
gluconeogenesis in liver is glucagon and that of kidney is 
catecholamines. As renal failure is frequently associated with 
autonomic nervous system dysfunction, the renal failure-
related hypoglycaemia is not associated with catecholamine 
re lease  and  adrenerg ic  symptoms (35) .  Ins tead , 
neuroglycopenic symptoms predominate in such cases. 
However, the severity and duration of neuroglycopenic 
manifestations are highly variable. Hypoglycaemia should 
be suspected if any patient with renal failure exhibits any 
change in mental or neurologic status (35).

Patients with chronic kidney disease (CKD) with 
or without diabetes are at increased risk of developing 
hypoglycaemia and associated mortality (36). The incidence 
of hypoglycaemia was 10.72 versus 5.33 per 100 patient-
months among diabetics with CKD versus without CKD. 
Similarly, the incidence of hypoglycaemia was 3.46 versus 
2.23 per 100 patient-months among non-diabetes patients 
with CKD versus without CKD (36). Among patients with 
end stage renal disease (ESRD), hypoglycaemia accounts for 
up to 3.6% of all admissions (39). ESRD cases who develop 
hypoglycaemia during hospitalization had poor prognosis 
with a mortality rate of nearly 30%. Hypoglycaemia in 
patients with ESRD could be caused by malnutrition, 
alcohol abuse, multiple organ failure, infections, drugs or 
hypoadrenalism (40). Nearly 20% of ESRD cases on dialysis 
with hypotension have biochemical diagnosis of adrenal 
insufficiency (41) After excluding adrenal insufficiency, most 
of the cases of hypoinsulinaemic hypoglycaemia in ESRD 
patients are multifactorial due to malnutrition, infection, 
multiorgan dysfunction, or drugs (quinolones, pentamidine, 
quinine, trimethoprim-sulfamethoxazole, or megestrol 
acetate) (40).

Most of the other causes of hypoglycaemia in patients 
with renal failure are associated with undetectable insulin 
levels. When associated with high insulin levels, consider 
coexistence of insulinoma (42) or nesidioblastosis (43). 
There is no established biochemical criterion for diagnosis 
of hyperinsulinaemic hypoglycaemia in patients with renal 
failure (43). The fasting insulin and C-peptide levels are higher 
in renal failure cases (decreased clearance) when compared 
to individuals with normal kidney function, and these levels 
will come down by 50% following haemodialysis (44). The 
diagnostic work up for hypoinsulinaemic hypoglycaemia 
in renal failure is difficult due to the challenges in the 
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interpretation of insulin and C-peptide levels.
The treatment of hyperkalaemia with glucose-insulin 

regimen might result in hypoglycaemia in 13% of ESRD 
cases (45). In order to avoid this, some recommend 
reducing the dose of intravenous regular insulin to 5–6 
units (rather than 10 units) given along with the standard 
dose of 25 grams of glucose (50 mL of 50% glucose) (42). 
During haemodialysis, glucose-free dialysate predisposes 
to development of hypoglycaemia. In patients with post-
dialysis hypoglycaemia, some dialysis providers consider 
using a higher dialysate glucose concentration, although 
this might have unfavourable metabolic effects including 
hyperglycaemia and hyperinsulinism, in patients on chronic 
hemodialysis (46). 

Treatment of multifactorial hypoglycaemia that occurs in 
ESRD can be with 15 grams of oral glucose, or intravenous 
glucose (if unable to take oral glucose) or with intramuscular 
glucagon 1 mg (if no intravenous access) (42). Glucagon 
may not be effective in malnourished ESRD cases due to the 
lack of hepatic glycogen reserve. In those ESRD cases with 
refractory hypoglycaemia in which nutritional interventions, 
optimization of dialysis and medication adjustments have 
not ameliorated the spontaneous hypoglycaemia, diazoxide 
that inhibits the insulin release by binding to ATP-sensitive 
potassium channels in the β-cells can be tried (47).

Liver failure
Patients with acute liver failure as well acute decompensated 
liver cirrhosis can present with hypoglycaemia, in whom 
hypoglycaemia can mask the symptoms of hepatic 
encephalopathy or vice versa (48). The pathogenesis of 
spontaneous hypoglycaemia in patients with liver disease could 
be decreased glycogen stores, gluconeogenesis, glycogenolysis, 
and impaired insulin uptake as well as degradation by the 
hepatocytes resulting in hyperinsulinism (49). An analysis 
of retrospective data showed that among patients with acute 
decompensation of liver cirrhosis, those who developed 
hypoglycaemia had increased risk of ICU admissions and 
increased in-hospital mortality (50). However, it was unclear 
whether hypoglycaemia was just a marker of severity of 
decompensated liver disease or contributed directly to the 
excess mortality risk. In a retrospective cross-sectional study 
among hypoglycaemic hospitalized patients, the mortality 
risk was 4.4-fold higher among those with concurrent liver 
cirrhosis than those without (51). 

Hypoglycaemia can be seen in a variety of liver diseases 
including ischaemic hepatitis resulting from hypoperfusion 
due to heart failure (52), or post-operative state (53), 

toxic hepatitis from paracetamol overdosage (54), or as an 
atypical early presentation of hepatocellular carcinoma (55). 
Though the King’s College criteria is used as a prediction 
tool to list patients for emergency liver transplantation in 
paracetamol-induced toxic hepatitis, a recent study showed 
that a combination of hypoglycaemia, lactic acidosis, 
and coagulopathy is a better predictor of mortality, or 
indication for transplantation compared to the King’s 
College criteria (54). There are rare paradoxical reports of 
hypoglycaemia secondary to use of octreotide in patients 
with liver cirrhosis (56), though octreotide is useful in the 
treatment of hypoglycaemia induced by sulfonylurea (57), 
as well as levofloxacin (58).

Heart failure
The pr imary  mechanism in  the  pathogenes i s  o f 
hypoglycaemia in patients with heart failure is congestive 
hepatopathy (59). Various other patterns of hepatic 
involvement in heart failure apart from congestive 
hepatopathy include hepatic fibrosis, hepatic cirrhosis, and 
ischaemic hepatitis (60). The gastrointestinal involvement 
in heart failure is characterised by gut oedema secondary to 
systemic volume overload. Gut oedema can lead to bacterial 
translocation into the systemic circulation, systemic 
inflammation, and heart failure progression (60). Heart 
failure related spontaneous hypoglycaemia is mediated 
by impaired hepatic gluconeogenesis and glycogenolysis 
along with decreased intestinal absorption of glucose (61). 
Moreover, liver failure is associated with reduced insulin 
degradation and shunting of portal venous blood into 
the systemic circulation leading to hyperinsulinism that 
augments the risk of hypoglycaemia (62). As hypoglycaemia 
can be a presenting symptom of heart failure, this possibility 
should be considered in the differential diagnosis of 
spontaneous hypoglycaemia, especially in the elderly (63).

Respiratory failure
In a study of 5,365 medical, surgical, and cardiac ICU 
patients, mechanical ventilation was identified as an 
independent risk factor for the development of severe 
hypoglycaemia (<2.2 mmol/L) along with other independent 
risk factors including diabetes, tight glycaemic control using 
the intensive insulin therapy, septic shock, renal failure, 
and severity of illness (64). This study observed severe 
hypoglycaemia as an independent predictor of mortality, 
and among severely hypoglycaemic patients, mechanical 
ventilation independently predicted mortality. 

A study of 596 post-cardiac surgery intensive care 
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patients observed that hypoglycaemia was an independent 
determinant for tracheostomy (OR 21.6) and respiratory 
failure necessitating prolonged mechanical ventilation  
(OR 1.4) (65). The proposed mechanism for high 
tracheostomy rate was neurological consequences of 
hypoglycaemia that impaired the respiratory function and 
delayed the weaning from ventilation which increased 
the need for tracheostomy. The study also revealed that 
postoperative patients with hypoglycaemia had increased 
requirement for mechanical haemodynamic support 
including intra-aortic balloon pump (IABP), indicating 
hypoglycaemia mediated cardiac dysfunction.

Respiratory failure that accompanies pneumococcal 
infections with overwhelming sepsis could be associated 
hypoglycaemia (66) .  Hence,  patients  with severe 
chest sepsis and impending respiratory failure should 
have their glucose levels monitored to avoid missing 
hypoglycaemia that can worsen the outcome. On the 
contrary, hypoglycaemia might cause respiratory failure 
in adults and children (67,68) with or without diabetes. 
Moreover, severe hypoglycaemia can rarely present as 
noncardiogenic pulmonary oedema mediated by the 
sympathetic stimulation and catecholamine surge, much 
like neurogenic pulmonary oedema (69). 

Hypothermia
A study that examined the association between spontaneous 
hypoglycaemia and seasonal variation revealed that severe 
hypoglycaemia and sepsis occurred significantly more 
often in the winter months than in summer (30.6% vs. 
19.6% and 24.5% vs. 5.9%, respectively) (70). Patients 
treated with therapeutic hypothermia after cardiac 
arrest demonstrated improved neurologic outcomes and 
decreased mortality (71). Therapeutic hypothermia is 
known to reduce the insulin secretion and increase insulin 
resistance. Therefore, hyperglycaemia is often seen during 
initiation of therapeutic hypothermia and hypoglycaemia 
is seen during rewarming (71). Similar response is seen 
during rewarming after accidental hypothermia (prolonged 
avalanche burial), in which spontaneous hypoglycaemia and 
respiratory failure were observed (72).

Malnutrition
A cross-sectional study that evaluated the association between 
Nutritional Risk Screening 2002 (NRS2002) score, an indicator 
of malnutrition, and incidence of hypoglycaemia revealed 
that higher NRS2002 scores are associated with increased 
incidence of hypoglycaemia (OR 1.982, 95% CI: 1.056–3.718), 

regardless of age, sex and diabetes status (73). Moreover, 
when NRS2002 is combined with hypoalbuminemia, the 
overall sensitivity improved from 0.55 to 0.71, but specificity 
reduced from 0.63 to 0.46. The combination is associated with 
increased hypoglycaemia incidence, regardless of diabetes 
status (74). Patients with malnutrition related hypoglycaemia 
is associated with prolonged duration of hospitalisation and 
increased mortality (30-day and 1-year mortality), regardless of 
diabetes status (75).

Elderly patients with malnutrition are at high risk for 
hypoglycaemia due to depleted glycogen stores (76). At least 
2% of patients on palliative care develop hypoglycaemia 
and nearly 25–60% of them are asymptomatic, without 
autonomic or neuroglycopenic symptoms (77). Hence it is 
possible that hypoglycaemia might go unnoticed. A shared 
decision-making between patient and caregiver is needed in 
these patients regarding optimal management. Patients with 
anorexia nervosa are at risk of developing hypoglycaemia 
due to depleted glycogen stores, impaired glycogenolysis 
and gluconeogenesis (78). Reactive hypoglycaemia can be 
seen during early refeeding phase in these patients and 
acute liver failure can be potentially fatal.

Intoxication
Alcohol is known to cause hypoglycaemia by impairment 
of gluconeogenesis, increasing the blood flow to pancreatic 
islets, and thereby stimulating the late phase of insulin 
secretion, and by reducing the counter-regulatory hormone 
production (79). Tramadol intoxication can cause hypoglycaemia 
by either serotonin or μ-opioid receptor (MOR) mediated 
stimulation of insulin secretion, reduction in hepatic 
gluconeogenesis, enhancement of insulin sensitivity and 
glucose utilisation by the liver and skeletal muscle (80). 
Another pathogenic mechanism of tramadol-induced 
hypoglycaemia is N-methyl-D-aspartate receptor (NMDAR) 
antagonism. Methadone use also can cause a dose-dependent 
hypoglycaemia via MOR stimulation. Other opioids such 
as morphine, fentanyl, levorphanol, or oxycodone did 
not show significant association with hypoglycaemia (80). 
Amphetamine and methamphetamine (Ecstasy) cause 
hypoglycaemia both in animal models (81) and humans (82), 
by inappropriate insulin secretion. During the COVID-19 
pandemic, many countries used hydroxychloroquine by virtue 
of its effect against macrophage activation. When the drug 
levels are high it might result in intracellular alkalinisation, 
inactivation of insulinase, increased insulin levels and 
hypoglycaemia (83). Figure 1 summarizes the diagnostic 
approach to hypoglycaemia in critically ill patients. 
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Hypoglycaemia associated with hormone 
deficiencies

Circadian rhythm and implications on hypoglycaemia

In healthy nondiabetic subjects, plasma insulin levels remain 
constant overnight with a modest transient rise in insulin 
secretion just before dawn to suppress the hepatic glucose 
output and to prevent hyperglycaemia (84). In healthy 
nondiabetic subjects with a stable sleep-wake cycles, the 
serum cortisol levels begin to rise by 04:00 hours, reach a 
peak between 07:00 and 09:00 hours, and then fall for the 
rest of the day to reach the nadir (<50% of the morning 
cortisol levels) between 22:00 and 02:00 hours (85,86). 
Similarly, GH exhibits a circadian rhythm with the peak in 
the second half of night (84). 

As lower levels of cortisol and GH are associated with 
improved insulin sensitivity, the insulin sensitivity is highest 
between 02:00 and 04:00 hours. Thereafter, the increase 
in counterregulatory hormones especially the GH is 
responsible for the increase in insulin resistance occurring 
after 04:00 hours in healthy subjects. It is important to note 
that healthy subjects will not develop hyperglycaemia (dawn 

phenomenon) despite an increased insulin resistance as they 
secrete extra insulin to prevent it. However, patients with 
type 1 and type 2 diabetes do exhibit dawn phenomenon 
(84). Patients with adrenal insufficiency and type 1 diabetes 
mellitus (T1DM) are at highest risk of hypoglycaemia 
between 02:00 and 04:00 hours, due to various reasons. The 
Insulin sensitivity being at its peak, coupled with the lowest 
serum cortisol levels at this period experienced by patients 
on standard hydrocortisone supplementation—leads to 
nocturnal hypoglycaemia (87). 

Adrenal insufficiency
Primary adrenal insufficiency is a life-threatening condition 
characterized by insufficient secretion of glucocorticoids 
with or without insufficient mineralocorticoids and 
androgens. It is associated with a rise in adrenocorticotropic 
hormone (ACTH) and/or renin. Adrenal insufficiency due 
to hypothalamic-pituitary disease (central hypoadrenalism) 
can be either secondary adrenal insufficiency due to 
pituitary diseases, or tertiary adrenal insufficiency due 
to diseases of hypothalamus, or ACTH suppression by 
endogenous (Cushing’s syndrome) or exogenous cortisol 

Critical care 
Hypoglycemia- 
Whipple's Triad 

Positive

Hormone deficiency should be 
considered in every patient with 

Spontaneous Hypoglycemia

1. Hypoadrenalism
2. Hypopituitarism
3. Hypothyroidism

4. Growth hormone deficiency
5. Glucagon deficiency

Consider testing for  
levels of identifable 
substance abuse

1.Urea, creatinine 
2.Liver function test 

3.Echocardiogram-if signs of 
heart failure

1.9AM cortisol with ACTH 
2.TFT 

3.IGF-1, FSH, LH, Testosterone 
4.Glucagon deficiency

1 Renal Failure 
2.Hepatic failure 
3.Heart Failure

1. Alcohol  
2.Tramadol 

3. Amphetamine  
4 Methadone

Rule out infection 
/Sepsis

Malnutrition

Intoxication 

Organ failure

History and clinical 
examination will give 
a clue to underlying  
hormone deficiency- 

supplemented by blood tests

Especially in Elderly, 
Comatose, 

or those with Low GCS

Complete Physical cxamination 
followed by appropriate 

investigation

1.Full bload count 
2.Urine analysis/ Blood C/S 

3.Chest X Ray 
4, Further investigations

Serum Beta Hydroxybutyric  
acid levels may help aiding  

the clinical suspicion

Figure 1 Flow diagram to aid diagnostic approach to critical care hypoglycemia. GCS, Glasgow Coma Scale; C/S, culture and sensitivity; 
ACTH, adrenocorticotropic hormone; TFT, thyroid function test; IGF-1, insulin like growth factor-1; FSH, follicle-stimulating hormone; 
LH, luteinising hormone.
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excess. Central hypoadrenalism accounts for ~60% and 
primary adrenal insufficiency for ~40% of all adrenal 
insufficiency cases (88). 

The diagnosis of adrenal insufficiency is frequently 
delayed due to its rarity and non-specific presentation such 
as weakness, fatigue, postural dizziness, musculoskeletal 
pain, weight loss, abdominal pain, and mood disorders. 
Among T1DM patients, 15–30% have autoimmune thyroid 
disease (AITD), 4–9% coeliac disease, and 0.5% Addison’s 
disease (89). On the other hand, among Addison’s disease 
patients, nearly 50% have AITD and up to 14% have 
T1DM (90). The estimated prevalence for the combination 
of T1DM and Addison’s disease is 20 cases per million (90). 

Hypoglycaemia can occur in patients with undiagnosed 
or undertreated hypoadrenalism, though it is not the 
common presentation of hypoadrenalism in patients with 
or without T1DM (91). Cortisol deficiency increases the 
insulin sensitivity whereas cortisol excess worsens the 
insulin resistance. The enhanced insulin sensitivity due to 
cortisol deficiency increases the peripheral utilisation of 
glucose, and suppresses the gluconeogenesis to decrease the 
hepatic glucose output causing hypoglycaemia (92). Whilst 
hypoglycaemia related to hypoadrenalism is common in 
children than in adults, several cases of nocturnal and 
fasting hypoglycaemia are reported in adults despite 
steroid replacement. As hypoadrenalism is one of the 
treatable causes of hypoglycaemia, it should be considered 
as a differential diagnosis of unexplained recurrent 
hypoglycaemia in conjunction with a decline in insulin 
requirements in patients on diabetes treatment. There 
should be a low threshold for appropriate investigations (93).

The gold standard investigation to establish the diagnosis 
is short synacthen test. However, 09:00 AM cortisol can be 
used as a screening test, which could reduce the number 
of unnecessary synacthen tests by 21%. Synacthen test 
provides no additional information if the 09:00 AM cortisol 
is <100 nmol/L or >500 nmol/L (94). Even though adrenal 
antibodies can be used to screen for Addison's disease, this 
test lacks specificity that only 15% of T1DM patients who 
were tested positive for adrenal antibodies have biochemical 
evidence of Addison’s disease. Furthermore, negative adrenal 
antibody tests does not exclude Addison’s disease (95). 
Though routine determination of adrenal antibody levels is 
not recommended, it can be used in T1DM patients over the 
age of 18 years with clinical symptoms of adrenal insufficiency 
or once in every 5 years if there is adrenal insufficiency in the 
first-degree relatives (96). Once hypoadrenalism is diagnosed, 

further hypoglycaemic episodes can be prevented by strict 
adherence to the sick day rules (97). 

Hypopituitarism 
Loss of counter-regulatory hormones (GH and ACTH) 
secondary to many types of pituitary insult can result 
in an increased sensitivity to insulin, sudden decrease 
in insul in requirements ,  hypoglycaemia,  or  even 
complete amelioration of diabetes. This is known as 
the Houssay phenomenon (98). Various causes for 
hypopituitarism include neoplasms such as pituitary 
adenoma, craniopharyngioma, and meningioma; cysts like 
Rathke’s cleft, arachnoid, epidermoid, and dermoid cysts; 
treatment of sellar, parasellar, and hypothalamic diseases 
with surgery or radiotherapy; inflammatory or infiltrative 
diseases like lymphocytic hypophysitis, hemochromatosis, 
granulomatosis with polyangiitis,  sarcoidosis,  and 
Langerhans cell histiocytosis; pituitary apoplexy; Sheehan’s 
syndrome (postpartum pituitary necrosis); infections like 
bacterial, fungal, parasitic, tuberculosis or syphilis; head 
injury; empty sella; and idiopathic hypopituitarism (99). 
Recurrent or refractory hypoglycaemia with or without 
hyponatremia is described in relation to many of the causes 
of hypopituitarism. 

In patients with hypopituitarism, the sequential failure 
of pituitary hormones is in the following order: GH, 
followed by LH and FSH, and finally TSH and ACTH. 
In general, ACTH is the last pituitary hormone to be lost 
(100). Hence, patients with secondary adrenal insufficiency 
is characterized by other hormone deficiencies. One 
exception to this rule is lymphocytic hypophysitis where 
ACTH deficiency, seen in 65%, is an early and frequent 
feature (101,102). The short synacthen test that is used in 
the diagnosis of primary adrenal insufficiency can show a 
physiological increase in cortisol early during the course of 
secondary adrenal insufficiency. However, absence of ACTH 
drive causes adrenal dysfunction over time, and the cortisol 
response is usually lost in ~6 weeks (98). Hypoglycaemia is 
more common in patients with hypopituitarism compared 
to primary adrenal insufficiency, as the former is associated 
with concomitant GH and ACTH insufficiency (103). 
Hypopituitarism can also cause hyponatraemia secondary to 
inappropriate vasopressin secretion. However, as the zona 
glomerulosa of adrenal glands is mostly preserved, signs 
such hyperkalaemia, hypotension, and dehydration will be 
less prominent as the case of primary adrenal failure. 

When a patient without the diagnosis of hypoadrenalism 
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presents with adrenal crisis, certain clinical clues might help 
in differentiating primary adrenal insufficiency from central 
hypoadrenalism. Patients with primary adrenal insufficiency 
have the characteristic skin hyperpigmentation particularly 
in areas exposed to mechanical shear stress including 
palmar creases, nipples, scars, and oral mucosa, whereas 
central hypoadrenalism is associated with alabaster-like pale 
skin (88). Abdominal symptoms such as abdominal pain, 
tenderness, guarding, nausea, and vomiting are particularly 
common in primary adrenal insufficiency than central 
hypoadrenalism. Patients with central hypoadrenalism have 
symptoms and signs suggestive of pituitary or hypothalamic 
pathology (headache, ophthalmoplegia, or field defects) or 
coexisting anterior pituitary hormone deficiencies. 

In a medically unstable patient with provisional diagnosis 
of hypoadrenalism, it is unsafe to delay treatment pending 
investigations. In these situations, the advice is to collect 
blood sample for cortisol and ACTH measurement and 
treat with intravenous hydrocortisone while awaiting 
results. Anterior pituitary hormone profile should be 
done in medically stable patients with suspected central 
hypoadrenalism with or without hypopituitarism. This 
include 9 AM paired cortisol and ACTH followed by a 
short synacthen test; TSH and free T4; insulin like growth 
factor-1 (IGF-1) and prolactin; LH, FSH and testosterone 
or oestradiol. In patients with central hypoadrenalism, the 
synacthen test will have a diagnostic value only after 3–6 
weeks of an acute pituitary insult like pituitary surgery, 
apoplexy, or traumatic brain injury (104). This is the 
minimal time for the adrenal atrophy to happen following 
ACTH deficiency. As short synacthen test cannot be used in 
these settings, the alternative is to use insulin tolerance test 
(ITT), which can assess both the ACTH production from 

pituitary gland as well as the steroid response from adrenal 
gland at the same time (105). Furthermore, the ITT has the 
advantage that the GH axis can be simultaneously assessed 
(104). On the flip side, ITT cannot be used in patients 
with ischaemic heart disease, cerebrovascular disease, and 
seizures (99).

Hyperprolactinaemia is associated with reduced 
insulin sensitivity. Though dopaminergic agonists 
improved the insulin sensitivity, they did not increase the 
hypoglycaemia (106). Hypoglycaemia is not uncommon 
with pituitary disorders, nevertheless it is extremely rare 
with hypothalamic disorders. Hypopituitarism poses a 
therapeutic challenge in patient management, as many 
important principles are involved as given in the Table 2 (99).

Hypothyroidism
Hypothyroidism is one of the uncommon causes of 
hypoglycaemia. Various mechanisms involved in the 
development of hypoglycaemia included decreased appetite, 
decreased insulin clearance, delayed gastric emptying, 
decreased portal venous flow, decreased intestinal glucose 
absorption, decreased hepatic glucose output due to 
reduction in glycogenolysis and gluconeogenesis, and 
finally, reduction in glucagon secretion and its action on 
hepatocytes (107). The improvement in hypoglycaemia 
once thyroid functions are normalized following treatment 
with levothyroxine is a point in favour of this concept. 
However, some researchers consider that presence of 
hypoglycaemia in a patient with hypothyroidism should 
suggest possibility of underlying hypopituitarism (108). 
Blunting of hypothalamic-pituitary-adrenal axis (109) and 
GH secretion (110) has been observed in hypothyroidism 
cases which provides the mechanistic evidence for the 

Table 2 Interactions between the hormone deficiencies in patients with hypopituitarism (99)

Adrenal insufficiency (AI) should be ruled out before levothyroxine treatment for central hypothyroidism. If AI cannot be ruled out, start 
empirical glucocorticoid therapy

Test for adrenal insufficiency before and after starting GH replacement in those patients who are not receiving a glucocorticoid 
replacement

Test for central hypothyroidism before starting GH replacement, if not on levothyroxine replacement. If on levothyroxine replacement, 
might need higher dose once GH is started

Central hypothyroidism might impair the accurate diagnosis of GH deficiency. Hence central hypothyroidism should be treated before any 
GH provocation tests

Adrenal insufficiency may mask the presence of partial diabetes insipidus. Hence monitor for development of diabetes insipidus after 
glucocorticoid replacement

GH, growth hormone.
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hypoglycaemia in these patients. 

GH deficiency
GH induces insulin resistance as it antagonises the hepatic and 
peripheral effects of insulin on glucose metabolism, and insulin 
resistance is a defence against prolonged hypoglycaemia (111). 
Furthermore, insulin resistance mediates the development of 
stress hyperglycaemia during fasting or inflammatory illness, 
and the dawn phenomenon (112). GH deficiency has varying 
impact on glucose homeostasis at various stages of life. GH 
deficient children tend to be insulin sensitive and develop 
spontaneous hypoglycaemia due to reduced hepatic glucose 
production (113), whereas GH deficient adults who are not 
receiving GH replacement are insulin resistant, probably due 
to increased adiposity, reduced lean body mass (LBM), and 
impaired exercise tolerance (114). The insulin resistance in GH 
deficient adults will exhibit temporary deterioration when GH 
replacement is initiated. Patients with GH excess (acromegaly) 
are consistently insulin resistant despite increased LBM and 
decreased fat mass and become more insulin sensitive after 
proper therapy (113).

In children, GH deficiency is a well described treatable 
cause of hypoglycaemia whereas it is a rare cause of 
hypoglycaemia in the adults. Mecasermin is a recombinant 
human IGF-1 that is used in the treatment of children with 
growth failure resulting from primary IGF-1 deficiency, 
or for cases of GH gene deletion with neutralising 
antibodies to GH that make therapy with GH ineffective. 
Hypoglycaemia is a well-recognised side effect and care 
should be taken to administer the drug with food (115).

Glucagon deficiency
Glucagon is the main counter-regulatory hormone to 
insulin secreted in response to hypoglycaemia. In healthy 
individuals, a fall in plasma glucose level causes a decrease 
in insulin secretion that signals a rise in glucagon secretion, 
associated with catecholamine secretion. Glucagon is more 
important than catecholamine in the counterregulatory 
response to hypoglycaemia as studies have shown that 
catecholamine cannot prevent hypoglycaemia in the 
presence of complete glucagon deficiency state (116). 
Glucagon increases the glucose levels by increasing the 
glycogenolysis and gluconeogenesis which increases the 
hepatic glucose output. The glucagon also decreases the 
glycolysis and glycogenesis (117). The isolated glucagon 
deficiency resulting in spontaneous hypoglycaemia can 
occur in conditions including autoimmune α-cell failure 
(118), and post-pancreatectomy (119). 

Catecholamine deficiency
Catecholamine excess states like pheochromocytoma 
and paraganglioma are associated with hyperglycaemic 
states including diabetic ketoacidosis, and hyperosmolar 
hyperglycaemic state. The pathogenetic mechanisms 
include decreased glucose uptake (via desensitization of 
β-adrenoreceptors), impaired insulin secretion, increased 
lipolysis, and increased hepatic insulin resistance (via pro-
inflammatory state) (120). Resection of these tumours 
might result in reactive hypoglycaemia in the immediate 
post-operative period. There was no significant difference 
between adrenal and extra-adrenal pheochromocytomas 
regarding the incidence of post-operative hypoglycaemia, 
though it is more common in pheochromocytomas that are 
adrenaline producing and is associated with von Hippel-
Lindau disease (121,122).

Mechanisms for post-operat ive hypoglycaemia 
are enhanced insulin secretion secondary to sudden 
catecholamine withdrawal or use of β-blocker; impaired 
glucagon response to hypoglycaemia in presence of 
catecholamine excess; or preoperative α-blockade without 
β-blockade (119). Pheochromocytoma cases can develop 
hypoglycaemia even before surgical removal and the 
proposed mechanisms include enhanced consumption 
of glucose by the rapidly dividing tumor cells (123), or 
enhanced insulin release by the action of catecholamine on 
the β-adrenoreceptors (124).

Summary and conclusions

Whilst the presence of spontaneous hypoglycaemia is 
clearly associated with increased mortality independent of 
any other confounding factors, it is considered as a sign 
of poor physiological reserve and hence poor outcome 
rather than a cause and effect phenomenon. Occurrence of 
hypoglycaemia in a non-diabetic cohort is associated with 
increased mortality as compared to those with diabetes. 
Spontaneous hypoglycaemia can result from severe sepsis, 
overwhelming infection as well as multiorgan failures 
including renal, hepatic, and cardiac failure. A variety of 
endocrinopathies leading to hypoglycaemia adds to the 
diagnostic conundrum. The daunting task of evaluation of 
hypoglycaemia is made simple by a systematic approach to 
clinical evaluation and diligent investigations as outlined. 
In most of the situations, hypoglycaemia in non-diabetic 
individuals should be considered as a poor prognostic 
indicator necessitating closer observation in the intensive 
care unit. Clinicians should be more alert and have low 
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threshold for specific evaluation and management of 
spontaneous hypoglycaemia which can improve the patient 
outcome. 
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