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Introduction
As a result of advances in, for example, social 
care and medicine, the global number of elderly 
people (aged over 65 years) is increasing rapidly 
and is projected to increase rapidly from 0.6 bil-
lion people today and reach 1.5 billion in 2051.1 
People aged over 65 years have twice the mortality 
risk from fires than the general population. This 
increases to three times the risk at age > 75 years 
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Medical and biological factors 
affecting mortality in elderly 
residential fire victims: a  
narrative review of the literature
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Abstract

For older people (aged over 65 years), the risk of dying in a residential fire is doubled compared to the general 
population. Obvious causes of death mainly include smoke inhalation and burn injuries. That older people are 
more fragile and have more concurrent diseases is inherent, but what is it that makes them more vulnerable?It 
is known that the number of elderly people is increasing globally and that the increased risk of death in fires 
can be explained, at least in part, by physical and/or cognitive disabilities as well as socioeconomic and behav-
ioural factors. The possibility that medical illnesses and an aging organism/tissues might explain this increased 
risk has not been shown to the same extent. Therefore, this narrative literature review focuses on medical and 
biological explanations. An initial search using the terms ‘elderly’, ‘fatal’, ‘residential’ and ‘fire’ yielded some 
interesting articles. Using a broader snowball search also accepting grey literature, several additional risk fac-
tors could be identified.Cardiovascular diseases, in particular atherosclerotic heart disease, greatly increases 
the vulnerability to, for example, carbon monoxide and probably also other asphyxiating gases. Cardiovascular 
diseases and lack of physical fitness may also increase vulnerability to heat.Burned elderly patients are also at a 
higher risk of death than younger patients, but it is controversial whether it is age itself or the pre-existing ill-
nesses that come with age that increase the risk. Immunosenescence, malnutrition and female gender are other 
risk factors for poorer outcome after burns, all of which are common among older people.
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Lay summary

Elderly people have an increased risk of dying in house fires for several known reasons. This review 
explores possible medical/biological explanations and finds heart disease to be an important explanation.
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and four times the risk at > 85 years, compared 
with that of the general population.2

It has previously been shown that the risk of 
injury and death in a residential fire is increased 
in risk groups such as men, those impaired by alco-
hol or other drugs, smokers, physically disabled or 
cognitively impaired patients, and extreme old 
age.3–8 Behavioural factors, as well as cultural and 
sociodemographic differences, also aid in explain-
ing this increased risk.5,9–13

The aim of this literature review was to  
find other possible medical and/or biological 
explanations that make the elderly more vulner-
able to fire, smoke or heat that could explain the 
increased morbidity and mortality in elderly 
involved in a residential fire.

Methods
In June 2015, a review of the available literature 
on the subject medical or biological vulnerability 
to fire death was conducted. No peer-reviewed 
studies covered the specific topic, as expected. 
The PubMed and Cochrane Library databases 
were searched for publications using the query 
terms ‘elderly’, ‘fatal’, ‘residential’ and ‘fire’. 
Limitations used were: date of publication – all, 
language – English, species – human. Snowballing 
generated further publications including papers 
from grey literature (which were also considered). 
Publications on immobilisation, substance abuse 
and other non-medical explanations to increased 
fire mortality in the elderly were excluded.

Results

Causes of death in residential fires
Smoke inhalation alone or in combination with 
cutaneous burns accounts for up to 75–80% of 
deaths after residential fires. Smoke inhalation 
rather than burns is the major cause of death, as 
only 26% are attributable to burns alone.14–16 
Immediate causes of death include asphyxiation, 
heat stroke (core hyperthermia) and distributive 
shock as a result of burns. Less common causes 
include associated trauma or earlier deaths (from 
homicide, suicide or disease). When looking at 
causes of death, an important aspect is incapacita-
tion by, for example, fire gases or heat retaining the 
individual within the danger zone causing further 
damage and ultimately death. This is not always 
evaluated in autopsies and forensic studies. Gases 
and heat are incapacitating at lower than lethal lev-
els17 and human tolerance most likely declines with 
advanced age and pre-existing illnesses.

Smoke
Smoke is a complex mixture of many different 
gases and particles, and its composition depends 
on the material(s) burning. The composition 
also varies considerably with the time that has 
elapsed since ignition and with the supply of oxy-
gen. We reviewed the main toxic gases in smoke 
(Table 1) to examine indications of increased 
toxicity with ageing or pre-existing illnesses. 
Gases in smoke can be divided into asphyxiants 
(that cause tissue hypoxia) and irritants (that irri-
tates mucous membranes causing damage to the 
respiratory system and sight).18

Carbon monoxide
Carbon monoxide is the major toxic gas in 
smoke from burning wood and polymers14 and 
causes most deaths after smoke inhalation in 
residential fires.19 The mechanisms include for-
mation of carboxyhaemoglobin, which disables 
oxygen transport and causes a leftward shift of 
the dissociation curve of unaffected haemoglo-
bin, together with competitive inhibition of 
cytochrome oxidase that disrupts cellular respi-
ration and binds to cardiac myoglobin, so block-
ing the oxygen reserves.20

Several studies have postulated increased  
carbon monoxide toxicity in patients with cardio-
vascular disease, causing incapacity and death at 
sublethal levels,15,21–26 which at least partly 
explains why elderly people are more likely to 
die. Birky et al. investigated 541 deaths after fires 
and found that 60% of those who died did so of 
carbon monoxide poisoning alone (using more 
than 50% carboxyhaemoglobin as the lethal  
concentration), 20% of deaths were attributed  
to carbon monoxide poisoning together with 

Table 1. Important fire gases.

Asphyxiants Irritants

Carbon monoxide Hydrogen chloride

Carbon dioxide Hydrogen bromide

Oxygen deficiency Hydrogen fluoride

Hydrogen cyanide Sulphur dioxide

 Nitrogen dioxide

 Acrolein

 Formaldehyde

Important gases in fires as stated in International Standards Organiza-
tion (ISO) document 13344.18
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cardiovascular disease or other toxic compunds 
and only 11% died from burns alone.16

In a group being treated with hyperbaric oxy-
gen for severe carbon monoxide poisoning, an 
older subgroup was found that had regional 
abnormalities of wall movement on echocardiog-
raphy, which suggests that previously asympto-
matic atherosclerotic disease gave rise to local 
ischaemia during the exposure to carbon mon-
oxide.27 This study also found that male gender 
and a history of hypertension were predictors of 
myocardial injury induced by carbon monoxide.

Several studies on people known to have 
exertional angina pectoris, and who were 
exposed to low concentrations of carbon monox-
ide, showed a dose-response relation with car-
boxyhaemoglobin concentrations and time to 
angina, as well as changes in the ST segment.28,29 
While healthy adults can tolerate 10–15% carbox-
yhaemoglobin and remain unaffected, patients 
with coronary artery disease may develop angina 
quickly during exercise with concentrations  
as low as 2%. Exposure to 15% carboxyhaemo-
globin has been reported to cause myocardial 
infarction.30 Purser investigated a fire, at a care 
home for elderly residents with various illnesses, 
that resulted in the death of 14/19 elderly.31 A 
trend towards increased susceptibility to carbon 
monoxide poisoning in the residents with cardio-
vascular disease was found. For heart disease 
alone, the increase was statistically significant.

Carbon dioxide
Inhaled carbon dioxide is well tolerated in low 
concentrations, when it acts as a simple asphyxiant 
by displacing oxygen. With increasing hypercap-
nia tachypnoea, tachycardia, cardiac arrhythmias, 
altered consciousness and cardiac stress increase.32 
Hypercapniais are thus probably more dangerous 
for people with cardiovascular diseases. Ambient 
carbon dioxide concentration of more than 10% 
is potentially lethal.33 In a residential fire, the con-
centrations of carbon dioxide are unlikely to rise 
fast enough to kill someone before other, more 
fast-acting, gases reach lethal concentrations. The 
main effects of carbon dioxide are increased res-
piratory rate that increases the uptake of other 
toxic agents and synergise with them, as a result of 
displacement of oxygen.15 Elderly people have a 
reduced ventilatory response to hypoxia and 
hypercapnia,34 which may make them more vul-
nerable in a fire incident.

Oxygen depletion
An oxygen-deficient atmosphere in a residential 
fire is a result of consumption of oxygen by the 

process of combustion, and the combined action of 
other simple asphyxiants that displace oxygen from 
the ambient air. Oxygen deprivation alone can lead 
to incapacity at around 10% and be lethal below 
7%. However, such low concentrations are unlikely 
without extreme heat, which in itself would be 
lethal (as in a flashover, when the room tempera-
ture reaches a point where most flammable materi-
als autoignite and engulf the room with flames).35

Hydrogen cyanide
Hydrogen cyanide is a highly toxic product of 
combustions that involve modern materials such 
as synthetic polymers and organic materials with 
high nitrogen content. There is still some contro-
versy about its role in deaths from inhalation of 
smoke, but hydrogen cyanide is increasingly rec-
ognised as an important asphyxiant that requires 
immediate treatment. Its main toxic effect results 
from its molecular similarity to oxygen. It revers-
ibly binds to cytochrome a3 and disrupts the oxi-
dative metabolism at the cellular level. Affected 
cells must then use inefficient anaerobic metabo-
lism that produces lactate, which leads to acido-
sis. This lactic acidosis can be used clinically to 
diagnose hydrogen cyanide exposure indirectly 
and prompts the immediate use of an antidote 
such as hydroxocobalamine. Hydrogen cyanide 
is difficult to detect both clinically and forensi-
cally because it both forms and degrades in dead 
tissue.36 High concentrations of hydrogen cya-
nide are often found together with high concen-
trations of carbon monoxide during autopsies.16

Although no studies were found that directly 
indicated increased vulnerability to hydrogen 
cyanide in any risk group,37 there is probably 
enough synergy with other asphyxiants and  
people with cardiovascular disease may well be 
more vulnerable. The synergy between carbon 
monoxide and hydrogen cyanide toxicity has 
been shown in animals.38,39

Nitrogen dioxide
Nitrogen dioxide is an irritant gas with asphyxiat-
ing potential through the formation of methae-
moglobin which blocks oxygen transport in a 
similar way to carbon monoxide and carboxyhae-
moglobin. Clinically relevant methaemoglobin 
concentrations above 10% have been sampled 
from people who died in fire incidents.40

Asphyxiation synergy
All asphyxiants in smoke from a residential fire, 
both simple (gases that displace oxygen from 
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ambient air and thereby lower the oxygen con-
centration) and systemic, ultimately lower tissue 
oxygen concentrations. Carbon monoxide has 
been extensively studied and cardiovascular dis-
eases seem to increase a person’s vulnerability to 
it through cardiac ischaemia. Other asphyxiants 
may produce similar effects and act in synergy, 
but we found no reports that directly supported 
this in humans, though animal models do indi-
cate synergy.38,39

Irritants
Irritant gases include hydrogen chloride, nitro-
gen dioxide, sulphur dioxide, hydrogen bro-
mide, acrolein and formaldehyde, all of which 
cause lung damage and have important and 
lethal roles in lung injury. People with pre-exist-
ing conditions such as chronic obstructive pul-
monary disease have fewer physiological reserves 
and any inhalation injury may be dangerous. 
Irritant gases can also cause bronchospasm, 
hypersecretion of mucus membranes and visual 
impairment, which render the person unable to 
escape the danger zone.41 The incapacitating 
effects of these irritant gases play an important 
part in simulations of fires and when new materi-
als are being fire-tested.18

The effects of the principal irritant gases are 
similar and hydrogen chloride is the most stud-
ied irritant in smoke, although few data about its 
action in humans are available.42 Together with 
other irritants it can play an important part in 
incapacitating somebody in a fire incident, but 
even in a fire with appreciable chlorine pyrolysis, 
carbon monoxide will reach incapacitating con-
centrations sooner.43

People with hyper-reactive airways, e.g. asth-
matics, may be more sensitive to low concentra-
tions of hydrogen chloride, but at lethal or 
incapacitating concentrations the intraspecies 
variation is likely to be small.42 No studies that 
specifically included older people were found.

Heat stroke
Classic heat stroke is caused by high ambient 
temperatures, and older people seem to have an 
increased risk. Several studies have concluded 
that age itself does not increase the risk of heat 
stroke or heat (in)tolerance in general. Instead, 
it is pre-existing illnesses and a sedentary lifestyle 
with low aerobic capacity that cause the vulnera-
bility.44,45 The increase in temperature in a resi-
dential fire is often so fast that classic heat stroke 

probably does not have time to develop before 
other mechanisms of incapacitation and death 
occur, but there may be decreased tolerance to 
heat in people with cardiovascular disease. 
Ambient air temperatures of 90°C can be toler-
ated for roughly 46 min without resulting in cuta-
neous burns, but only slightly higher temperatures 
(108°C) can cause burns in only 31 s and be inca-
pacitating in minutes.46,47 Heat (⩾ 31°C) together 
with exposure to carbon monoxide has been 
studied in healthy adults and the results indicate 
some effect, with greater reporting of exertion 
than under thermoneutral conditions.48 The 
heat stress may act rapidly, in synergy with smoke 
intoxication, to incapacitate a person.

Burns and burn care in elderly patients
Later causes of death include failure of treatment 
of shock after burns, multiple organ dysfunction 
syndrome (MODS) based on sepsis and septic 
shock and the active decision to choose palliative 
care in patients with a poor prognosis. Many 
studies on the outcome of burns in elderly peo-
ple come from burn centres where there is an 
obvious risk of selection bias, as (some) patients 
with a poor prognosis will probably not be 
referred and instead end their lives at the local 
hospital. Some studies have investigated the age 
groups 46+ or 56+, but found no correlation 
with mortality or the presence of pre-morbid dis-
eases,49,50 while another study found that mortal-
ity increased with age and that pre-existing 
illnesses did not affect outcome in patients aged 
over 65 years.51 However, in the youngest sub-
group, in this study (56–65 years) pre-existing ill-
nesses increased mortality.

Other studies have indicated that there is no 
clear correlation with age and mortality, instead 
it is pointed out that pre-existing illnesses affect 
mortality.52,53 Interestingly, one study found that 
older age correlated with overall mortality from 
burns but not when patients being given pallia-
tive care were excluded.54 Some of the in-hospital 
mortality in elderly patients with burns is proba-
bly explained by this kind of decision.

Thombs et  al. specifically looked at pre-
existing illnesses and mortality from burns in a 
large group (n = 32,449), and found increased 
in-hospital mortality for patients with HIV, 
malignancies, obesity, alcoholism, pulmonary 
circulatory disorders, peripheral vascular disor-
ders, and renal, hepatic and cardiac diseases. 
Naturally the amount of pre-existing illnesses/
patient increased with age.55
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Malnutrition is common among elderly peo-
ple and this may influence the healing process 
adversely.56 Pre-existing protein and energy  
malnutrition increases mortality after burns in 
elderly patients.57 Immunosenescence is another 
adverse factor. With increasing age the adaptive 
immune system deteriorates, which leaves the 
patient more prone to infections and subsequent 
mortality and morbidity.58

Differences in burn care between the 
sexes
Interestingly, two studies showed significant dif-
ferences between men and women in both the 
incidence and outcome of burns. Male predispo-
sition to burns seems to disappear in older peo-
ple and perhaps may be explained by fewer 
work-related burns and known female longev-
ity.51,59 Some studies have shown increased mor-
tality from burns in women aged under 61–70 
years60–62 but not among older women, while 
some have shown generally higher mortality for 
women, in particular when they get older.56 
Chang et  al. showed similar mortality for men 
and women among geriatric patients, but the 
women had significantly smaller overall burned 
%TBSA and full-thickness burned %TBSA.63

The sex difference may in part be explained 
by differences in how the burn was sustained. 
Female sex hormones may play a part in the 
immune response to a burn, or may exert other 
unknown effects, as the increased mortality 
among women in different age groups correlated 
well with increased hormonal concentrations 
(15–61 years).61 One study specifically explored 
sex differences in healthcare and showed that 
less ancillary services during inpatient care were 
used for female patients, even after adjusting for 
confounders such as age, diagnosis-related group 
and length of stay. This means, for example, 
fewer radiographs and fewer laboratory analyses, 
which may indirectly affect outcome.64

Discussion
Elderly people are at increased risk of dying in 
residential fires as a result of various interacting 
risks. Social and behavioural factors include liv-
ing alone with no chance for immediate help if 
there is a fire, old houses that may have faulty 
heating or wiring, the use of extra heat sources 
such as electric space heaters or electric blankets, 
together with cooking. These, combined with 
cognitive impairment, can result in an increased 

risk of a fire starting. Physical disabilities and 
impaired senses are more common with increas-
ing age and also affect the person’s ability to 
escape alive and uninjured. How much these risk 
factors contribute to the overall risk increase, 
however, is not clear.

People known to have coronary artery dis-
ease are clearly susceptible to carbon monoxide 
poisoning and are probably equally as sensitive to 
most other asphyxiants. With increasing age, 
occult cardiovascular disease is common and may 
explain some of the increased risk of dying at the 
scene of a fire. Cardiovascular diseases and car-
diopulmonary instability can render elderly peo-
ple susceptible to heat stroke, which in turn may 
act in synergy with carbon monoxide poisoning 
and further increase the risk.

In studies from burn centres, the results are 
conflicting regarding whether age alone increases 
mortality or if the increased mortality is the result 
of pre-existing illnesses that are more common 
with increasing age. Some of the increased mor-
tality in elderly patients with burns is the result of 
limitations placed on treatment because of poor 
prognosis in patients who perhaps would be 
treated more aggressively had they been younger. 
Pre-existing malnutrition is common in elderly 
patients, and combined with immunosenescence 
results in poor healing and decreased resistance 
to infection, which in turn affects mortality. The 
male predisposition to burns seems to diminish 
with age and women with burns seem to do worse, 
for reasons that are not clear. With ageing popu-
lations and higher female life expectancy, this 
may add to mortality among elderly people.

Conclusion
Several co-existing medical, social, behavioural 
and biological factors have been described to 
explain the increased mortality among elderly 
people. Cardiovascular disease in general, and 
heart disease in particular, increase vulnerability 
to carbon monoxide, and probably to other 
asphyxiating fire gases, thereby increasing the 
risk of dying in a residential fire. For elderly peo-
ple who sustain burns in fires, there are several 
possible explanations for increased mortality but 
whether it is age alone or pre-existing illnesses 
that influence mortality is still not clear.
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