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Abstract
Background: Hypoglycaemia is associated with cognitive and functional decline in older people with diabetes.
Identification of individuals at risk and prevention of hypoglycaemia is therefore an important task in the
management of diabetes in older home-dwelling individuals. The purpose of this scoping review was to map the
literature on hypoglycaemia in home-dwelling older people with diabetes.
Methods: This scoping review included original research articles on hypoglycaemia in older (≥ 65 years) individuals
with diabetes from developed countries. A broad search of the databases Cinahl, Embase and Medline was
performed in July 2018. The report of the scoping review was conducted in accordance with the PRISMA Extension
for Scoping Reviews.
Results: Our database search identified 577 articles of which 23 were eligible for inclusion. The identified literature
was within four areas: 1) incidence of hypoglycaemia in older home-dwelling people with diabetes (11/23 articles),
2) risk factors of hypoglycaemia (9/23), 3) diabetes knowledge and self-management (6/23) and 4) consequences of
hypoglycaemia for health care use (6/23). The majority of the literature focused on severe hypoglycaemia and the
emergency situation. The literature on diabetes knowledge and management related to preventing adverse events
relevant to older home-dwellers, was limited. We found no literature on long-term consequences of hypoglycaemia
for the use of home health care services and the older persons’ ability to remain home-dwelling.
Conclusions: We identified a lack of studies on prevention and management of hypoglycaemia in the older
individuals’ homes. Such knowledge is of utmost importance in the current situation where most western countries’
governmental policies aim to treat and manage complex health conditions in the patient’s home. Future studies
addressing hypoglycaemia in older individuals with diabetes are needed in order to tailor interventions aiming to
enable them to remain home-dwelling as long as possible.
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Background
Diabetes is one of the major public health challenges of
our time. Globally, diabetes is expected to increase by
around 50% to 700 million people within 25 years, and
the prevalence rises with increasing age [1, 2]. As the
risk of diabetes and associated complications increases
with age, rates of hypoglycaemia, cardiovascular complications, and mortality increase steeply with advancing
age [3]. Thus, in an aging population the number of
older home-dwelling people with diabetes in need of
health services is increasing. A study among older people
receiving home care in a Norwegian municipality indicated a diabetes prevalence of 26%, whereof 14% of the
individuals were not aware of their diagnosis [4].
Hypoglycaemia is a well-known side-effect of diabetes
treatment. Episodes of severe hypoglycaemia, defined as
episodes requiring assistance of others, are associated
acute adverse events, such as seizures, coma, falls/fractures, and long term consequences, such as physical and
cognitive dysfunction [5]. Episodes of severe
hypoglycaemia also increase the risk of major cardiovascular events, cardiovascular death and all-cause mortality
[5, 6]. The risk of hypoglycaemia increases with increasing age and the consequences for older people with diabetes may even be more severe, because falls and
fractures are often followed by functional decline [7].
Age-related physiologic changes causing an increased
risk of hypoglycaemia include changes in counterregulatory hormones, lack of autonomic warning symptoms and pharmacokinetic changes leading to increased
drug response [8–11]. Impaired cognitive function, poor
nutritional, status, polypharmacy and frailty are additional factors contributing to increased risk of
hypoglycaemia in older people [12, 13]. Also, the similarity between symptoms of hypoglycaemia and symptoms
of dementia, such as confusion, agitation and behavioural changes, may lead to missed diagnosis of
hypoglycaemic episodes in older people [14]. Reduced
cognitive function has been linked to increased risk of
hypoglycaemia and vice versa [15]. The general recommendation on glycaemic control in older individuals is
therefore that hypoglycaemia should be avoided in order
to prevent further cognitive and functional decline and
other major adverse outcomes, such as cardiovascular
events [16].
In order to achieve and maintain glycaemic control,
and prevent both hyper- and hypoglycaemia, current
guidelines recommend frequent glucose monitoring in
individuals using insulin and insulin secretagogues drugs
[7, 17, 18]. However, the value of self-monitoring blood
glucose in non-insulin users has been a matter of debate
[19, 20]. Older individuals often rely on family members
or other caregivers to follow-up blood glucose monitoring and to recognize and manage episodes of
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hypoglycaemia. Inadequate knowledge of the caregiver
could put the older individual at increased risk of adverse events [21].
The increasing number of older people with diabetes
and their complex need for follow-up in order to prevent
adverse events, imply an increasing number of older
people with diabetes in need of health services. In
Norway, more than 10% of individuals above 80 years of
age receive home care services and for individuals above
90 years, the fraction exceeds 25% [22]. For older people
with diabetes, the home care services often include help
with administration of medication, blood glucose monitoring and follow-up of diabetes-associated complications. We have previously demonstrated a significant
discrepancy between diabetes guideline recommendations and clinical practice with respect to glucose monitoring, individualized treatment goals for Haemoglobin
A1c (HbA1c) and documentation in nursing homes [23].
Similar findings are reported for individuals receiving
home care [24]. Inadequate follow-up of guidelines may
put older people at risk of adverse events, such as
hypoglycaemia.
Although there is a fair amount of research on diabetes management in nursing homes [25], far less is
known about older home-dwelling individuals and their
complex needs for help with diabetes management in
order to prevent hypoglycaemia. Therefore, there is a
need for a knowledge base on current practices related
to hypoglycaemia in older home-dwelling individuals
with diabetes, to serve as a guide in the development of
future research aiming to increase the quality of care for
older people with diabetes. Good quality care is essential
to conserve health and functioning and further increase
the older person with diabetes’ ability to remain homedwelling. On this basis, the present scoping review was
performed to identify and map the literature on
hypoglycaemia in home-dwelling older people with
diabetes.

Methods
Three members of the research team (MH, AKS and
MG) drafted the protocol for this scoping review based
on the scoping review methodology described by Arksey
and O’Malley and the further refinement by Levac et al.
[26, 27]. The protocol can be obtained by contacting the
corresponding author. The report of the scoping review
was conducted in accordance with the PRISMA Extension for Scoping Reviews [28].
Information sources and literature search

We searched the databases Cinahl, Embase and Medline
to identify relevant studies. The search strategy was developed in collaboration with an experienced research librarian, who also performed the search. A broad search
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on hypoglycaemia in older home-dwelling people with
diabetes was performed July 2nd, 2018. To ensure identification of all relevant studies, we included search
terms for community-care, long-term care as well as
home care as the spectrum of community-based health
care is broad and varies between different countries. In
the further selection process, only papers reporting data
on older people living independently in their own home
(i.e. home-dwelling) were included. Papers on older
people living in any kind of care facilities or senior citizen complexes with available assistance (i.e. communitydwelling) were not included. Further, we included search
terms on hypoglycaemia as well as antidiabetic agents
known to cause hypoglycaemia. The search included the
following keywords/MeSH-terms: ‘Diabetes Mellitus’,
‘diabetes type 1’, ‘diabetes type 2’, ‘hypoglycaemia’, ‘antidiabetic agent’, ‘home health care’, ‘community health
service’, ‘home care’, ‘nursing home’, ‘long term care’.
We conducted a comprehensive search with no language
or date limit. The final electronic search strategy for
Medline can be found in supplementary file 1. To supplement the search, we searched the reference lists of included articles for relevant studies and searched for
further publications by the researchers identified in the
included articles.

Eligibility criteria and study selection

All identified abstracts from the databases were transferred to an excel file and duplicates were excluded.
Two members of the research team (MH and MG) independently screened titles and abstracts against a set of
minimum inclusion criteria. If the reviewers disagreed,
or if the abstract did not contain enough information to
determine eligibility, the article was examined in full text
before the reviewers reached consensus. The criteria
were tested on 5% of the abstracts to ensure that they
were relevant to capture the scope of this review. Papers
on hypoglycaemia in older (age ≥ 65) home-dwelling
people with diabetes originating from developed countries (Japan, Canada, US, Australia, New Zealand and
Europe, excluding former Yugoslavia, the Russian
Federation, Ukraine and Belarus) and written in English,
Danish, Swedish or Norwegian language were eligible for
inclusion. We allowed inclusion of studies with any type
of study design. Studies reporting only on health care
professionals caring for people with diabetes and studies
reporting only on younger individuals (age < 65), were
excluded. Also, review articles, commentaries, editorials,
or other publications not based on empirical data, were
excluded. Abstracts eligible for inclusion were further
reviewed in full text by two members of the research
team (MH and MG) and articles that did not meet the
above-mentioned inclusion criteria were excluded.
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Data charting process

A data extraction template was developed to ensure that
all data relevant for the objective of the scoping review
was included. The data extraction chart comprised publication year, publication type, study design, setting, type
of data, year of data collection, age and number of patients, study objective and results relevant for the objective of the scoping review. The data chart was tested and
further refined by two researchers (MG and MH). The
full data charting process was done by five of the authors
in pairs (IH, AH, LSH, MG and MH). The researchers in
each pair first independently extracted data from the
full-text articles, before the two researchers in each team
compared their data extraction. Discrepancies were discussed in the research team to ensure consistency between the extracted data from all studies.
Results

A total of 577 articles were retained from our initial
search (Fig. 1). After removing nine duplicates the abstracts of the remaining 568 articles were screened applying the exclusion criteria. Full-article screening was
performed for 37 articles, of which 23 were included in
the study. The studies’ place of origin, study population,
setting, design, and focal areas are presented in Table 1.
Data from the individual sources of evidence were within
the following areas: 1) incidence of hypoglycaemia in
older home-dwelling people with diabetes, 2) risk factors
of hypoglycaemia, 3) diabetes knowledge and selfmanagement, and 4) consequences of hypoglycaemia for
health care use (Table 1).
Incidence of hypoglycaemia in home-dwelling older
people with diabetes

In total, 11 studies reported on the incidence of
hypoglycaemia in home-dwelling older people (Table 1)
[30–32, 36, 37, 39, 42, 44, 47, 50, 51]. The majority of
the studies reported data from ambulance records or
emergency hospital visits [30, 36, 37, 39, 42, 44, 47, 50,
51], while one reported combined data of episodes of
hypoglycaemia from outpatient visits, emergency
departments and inpatient encounters with admission
diagnosis hypoglycaemia [31]. Only one study reported
observational data of mild, moderate and severe
hypoglycaemia in home-dwelling older individuals registered by continuous glucose monitoring (CGM) [32].
Most studies reported incidences of hypoglycaemia requiring prehospital emergency medical care with or
without hospital admission in patients with diabetes
mellitus from 0.5–2.5 episodes/100 patient years [30, 36,
39, 44, 50, 51]. The incidence of hypoglycaemia reported
by Parsaik and colleagues with data from the US was
somewhat higher; ambulance calls related to
hypoglycaemia were performed in 9/100 individuals with

Hermann et al. BMC Geriatrics

(2021) 21:20

Page 4 of 11

Fig. 1 Selection of sources of evidence

type 2 diabetes and the calls for hypoglycaemia were 2%
of the total number of calls for emergency assistance
[42]. Most studies reported combined data on type 1
and type 2 diabetes and did not separate on insulin users
and patients using insulin secretagogues drugs or other
glucose-lowering medication. However, Holstein et al.
showed that the annual rate of severe hypoglycaemia requiring emergency medical service was 1.5 episodes per
100 individuals for insulin-treated individuals with type
2 diabetes, while the corresponding number for the
overall group of patients with type 2 diabetes was 0.4
episodes per 100 individuals [36]. In a study reporting
continuous glucose monitoring data in 108 individuals
for 5 consecutive days, 49% had at least one
hypoglycaemic event (defined as glucose level below 3.9
mmol/L or 70.2 mg/dL), while 21% had at least one severe hypoglycaemic event (defined as glucose level below
2.8 mmol/L or 50.4 mg/dL) [32]. In 75% of the individuals, at least one asymptomatic hypoglycaemic episode
was observed. One or more non-insulin secretagogues
drugs was the only glucose lowering medication in 18%
of the individuals, while the remaining used insulin

alone or combination therapy including either insulin or
an insulin secretagogues drug. The sample included
38.7% individuals 65 years or older, but age specific analysis was not performed [32].
Risk factors of hypoglycaemia in older home-dwelling
people with diabetes

In total, 9 articles reported data on risk factors of
hypoglycaemia in older home-dwelling individuals
(Table 1) [31, 33, 37, 39–41, 43, 47, 49]. Factors contributing to the risk of hypoglycaemia included treatmentrelated factors (e.g. type of treatment, treatment
intensity, and co-medication) and disease-related factors
(e.g. comorbidity, functional status, and hypoglycaemia
unawareness).
Several studies have shown that older individuals often
are subjected to a tighter glycaemic control than recommended in guidelines, i.e. HbA1c below 53 mmol/mol
(< 7.0%) [33, 41, 43, 49]. In the study by Lipska et al. as
many as 62% had HbA1c below 53 mmol/mol and 43%
had HbA1c below 48 mmol/mol (< 6.5%) [41]. However,
the proportion of individuals with Hb1Ac below 53
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Table 1 Summary of characteristics of the individual sources of evidence
First author,
year
(reference)

Place of Population (n)
origin

Age
range

Setting

Study design

Data collection

Thematic focus/
aim

Dunning,
2005 [29]

Australia T2DMa (30)

33–84

Diabetes outpatient
education centre

Cross-sectional

Structured
interviews/
observation of
skills

Patient
knowledge and
selfmanagement

Farmer, 2012
[30]

UK

45–77d

Ambulance calls

Retrospective
observational

Records of
emergency call
assistance

Incidence,
consequences

Research database

Incidence, risk
factors

DMb (4081)

Feil, 2011 [31] US

DM and dementia/
> 65
cognitive
impairment (497,900)

Research database (home- Cross-sectional
dwellers and nursing
home)

Gehlaut, 2015 US
[32]

T2DM (108)

Endocrinology centre

Prospective
Continuous
observational, non- glucose
blinded
monitoring

Incidence

Hambling,
2017 [33]

UK

T2DM and chronic
73–83d
kidney disease (1379)

General practice

Cross-sectional

Medical records/
audit

Risk factors

Harsch, 2018
[34]

Germany T2DM (160)

47–101

Hospitalized patients

Retrospective
survey

Standardized
questionnaire and
tests

Patient
knowledge

Hewitt, 2010
[35]

UK

75–100

General practice

Factorial cluster
randomized trial

Interview and
standardized tests

Patient
knowledge and
management

Holstein,
2003 [36]

Germany DM (264)

4–95

Emergency admission to
hospital

Cohort study

Clinical data (blood Incidence
glucose
measurements)

Holstein,
2010 [37]

Germany T2DM (139)

46–97

Emergency admission to
hospital

Prospective
Clinical data (blood Incidence,
observational study glucose
risk factors
measurements)

Kachroo,
2015 [38]

US

T2DM (21613)

65–100

Commercial database

Retrospective
cohort

Medical records

Consequences

Lee, 2017 [39] US

T2DM (1206)

64
Ambulance calls,
(mean at emergency department
baseline) visits, hospitalization

Prospective cohort
study

Medical records

Incidence,
risk factors

Lipska, 2013
[40]

US

T2DM (9094)

60 ± 10e,f Community setting

Cohort study

Registry data and
questionnaire

Risk factors

Lipska, 2015
[41]

US

DM (1288)

73 ± 6e

Community setting

Cross-sectional

Registry data

Risk factors

Parsaik, 2013
[42]

US

T2DM

63 ± 12e

Ambulance calls

Cohort study

Ambulance
records

Incidence,
consequences

Penfornis,
2015 [43]

France

T2DM and renal
disease (980)

Outpatients (GP and
diabetologist)

Cross-sectional

Clinical data
registered by
general
practitioner

Risk factors

Rajendran,
2015 [44]

UK

T1DMc (59) and
T2DM (106)

Emergency department
care

Cross-sectional

Electronic patient
records

Incidence,
consequences

Reed, 2003
[45]

UK

DM (130)

Outpatients

Cross-sectional

Observations and
structured
questionnaire

Knowledge, selfmanagement

Reifegerste,
2016 [46]

Germany Informal caregivers
of T2DM patients
(488)

61 ± 14e

Outpatients (participants
of disease management
program)

Cross-sectional

Survey

Informal
caregiver
knowledge

Sotiropoulos,
2005 [47]

Greece

T2DM (207)

45–88

Hospital

Cross-sectional

Patient records,
blood samples,
questionnaire

Incidence,
knowledge, risk
factors

Thomson,
1991 [48]

UK

T2DM (45)

61–82

Hospital

Case-control

Structured
interviews

Knowledge

T2DM (1047)

47–84
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Table 1 Summary of characteristics of the individual sources of evidence (Continued)
First author,
year
(reference)

Place of Population (n)
origin

Age
range

Setting

Study design

Data collection

Thematic focus/
aim

Thorpe, 2015
[49]

USA

T2DM and dementia
(15,880)

≥65

Mixed setting of homedwellers, nursing home,
hospital

Longitudinal
retrospective
cohort study

Patient records,
registry data

Risk factors

Villani, 2016
[50]

USA

DM (12,411)

57 ± 21e

Ambulance service

Retrospective
Ambulance reports Incidence,
observational study
consequences

Zaccardi,
2016 [51]

Australia DM (79,172)

72%
were >
60

Hospital admission

Longitudinal
Hospital database
retrospective
observational study

Incidence,
consequences

a

T2DM, type 2 diabetes mellitus
DM, diabetes mellitus
T1DM, type 1 diabetes mellitus
d
interquartile range
e
mean ± standard deviation
f
age of informal caregivers
b
c

mmol/mol (< 7.0%) did not differ across health status
categories (relatively healthy, complex/intermediate
health or very complex/poor health) [41]. The annual incidence of self-reported hypoglycaemia requiring
assistance from others was 11% in individuals with type
2 diabetes, with no significant difference across different
levels of glycaemic control [40]. However, there was a
tendency towards higher incidence of hypoglycaemia in
the groups with the lowest (below 42 mmol/mol or
6.0%) and highest (above 75 mmol/mol or 9.0%) HbA1c
values. Also, in a study of almost 16,000 older individuals with type 2 diabetes and dementia, where the majority were home-dwellers, more than one-half had
HbA1c levels of 53 mmol/mol or lower [49]. Advanced
age (≥75) and weight loss were among the key risk
factors for tight glycaemic control [49]. The most
common glucose lowering drugs (either sulphonylureas
alone or a combination of insulin and sulphonylureas)
used in individuals with the lowest HbA1c, differed between studies [33, 41].
Several factors related to comorbidity also contributed
to increased risk of hypoglycaemia in older homedwellers. Among others, the risk of hypoglycaemic
events was 1.6-fold and 2.4-fold higher in individuals
with cognitive impairment and dementia, respectively
[31, 39]. Also, the risk of hypoglycaemia was about 2fold higher in older individuals with renal impairment
[39]. There is some evidence of overtreatment in older
individuals with renal impairment as indicated in a study
of 980 individuals with type 2 diabetes and renal disease
where the average HbA1c was 50 mmol/mol (6.7%) [43].
Also, among 139 cases of sulphonylurea-induced
hypoglycaemia where 80% of the individuals were 70
years or older, 73% had renal impairment (estimated creatinine clearance below 60 ml/min) [37]. The extensive
study from Lee et al. with 15 years follow-up data of
1206 individuals, showed a 2-fold risk of a severe

hypoglycaemic event during the follow-up period among
individuals with difficulties with activities of daily living
or individuals using antidepressant medication [39]. Two
studies have shown that a subgroup of patients with
hypoglycaemia unawareness account for the majority of
the repeated hypoglycaemic events [36, 40]. In the study
by Lipska et al., where around 10% of the 9094 respondents had experienced severe hypoglycaemia, approximately 30% had four or more annual incidences of
hypoglycaemia requiring assistance from others [40].
Diabetes knowledge and self-management

Six of the included studies have investigated diabetes
knowledge and/or self-management skills among older
home-dwelling individuals [29, 34, 35, 45, 47, 48] (Table
1). While one study reported on information seeking
and knowledge among informal caregivers of adults with
type 2 diabetes [46].
In a study of 207 hospital admissions due to
hypoglycaemia, around 85% had poor diabetes knowledge measured by a self-report questionnaire [47].
Chronic kidney failure was present in 22% of the individuals, and the most commonly reported cause of
hypoglycaemia was missed meal (31%) [47]. Another
study among people with diabetes ≥75 years in general
practice, showed that 70–90% of insulin users were
aware of the risk of hypoglycaemia, they knew how to
act upon hypoglycaemia and 70% tested their blood glucose at home [35].
A study of knowledge and self-management skills in
30 individuals with type 2 diabetes of which 16 were insulin users, showed that a majority (28/30) reported
having received some sort of education about their
medication and diabetes management [29]. Education
about when and how to take their medications were
most commonly received (83%), while only 37% reported
having received information about side-effects. A
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significant proportion of the participants demonstrated
inadequate knowledge and self-management skills; 20%
regularly forgot to take their medicines and 16% of insulin users did not dial up correct insulin dose. Among the
25 individuals who monitored their blood glucose at
home, 20% did not performed control tests on their
blood glucose meters [29]. A wide range of ethnic backgrounds were represented in the study and 40% had difficulties communicating without an interpreter [29]. In
addition, Reed et al. reported corresponding data on
self-management skills, where only 6% of insulin-treated
individuals had no problems with blood glucose testing,
meter use or insulin administration [45].
Individuals using oral medication with insulin secretagogues drugs seem to be less informed about their medication and side-effects compared to individuals on
insulin. In a study of patients admitted to the emergency
department with sulphonylurea-induced hypoglycaemia,
30% had received an education program [37]. Correspondingly, around 80% of the individuals treated with an
insulin secretagogues drug (sulphonylureas or repaglinide) were not aware of the medications’ ability to cause
hypoglycaemia and 57% did not know what to do if they
experienced hypoglycaemia [34]. The proportion of individuals who knew how to respond on hypoglycaemia
was similar (around 40%) for individuals using insulin
secretagogues alone or in combination with insulin. Difference in knowledge between insulin users and users of
peroral medication was also demonstrated by Thorpe
et al., where awareness of the possibility of
hypoglycaemia were reported by 68 and 12%, respectively [49].. However, the study did not differentiate between users of insulin secretagogues drugs and users of
other oral antidiabetic medication.
We identified one study focusing on the knowledge of
informal caregivers [46]. Among 488 informal caregivers
to patients with type 2 diabetes, 1/4 of the caregivers
could not list any symptoms of hypoglycaemia and 1/3
were not able to list any correct treatment for mild
events of hypoglycaemia. Health professionals and print
medias were reported as the main sources of information for informal caregivers [46].
Consequences of hypoglycaemia for health care use in
older home-dwelling people with diabetes

In total, 6 studies reported on the consequences of
hypoglycaemia for use of health care services [30, 38, 42,
44, 50, 51]. All studies focused on emergency situations,
such as transfer to an emergency department, admission
to hospital, or length of hospitalization. We did not
identify any studies on the use of home care or nursing
home services after a hypoglycaemic event.
Several studies showed that hypoglycaemia in older
home-dwelling individuals more often required
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hospitalizations than in younger individuals [30, 42, 50].
In the study by Farmer et al., 35% of the calls resulted in
hospital admission, and the likelihood of being taken to
hospital was almost double in individuals of 80 years or
older compared to 20–60-year olds [30]. Villani et al.
showed a 1.7-fold higher risk of transport to hospital for
individuals above 75 years [50]. In addition, 60–70% of
older insulin and/or sulphonylurea users were transferred to the emergency department and approximately
40% were further hospitalized with a 2 day median duration of stay [42]. Once transported to the emergency
department, older individuals on sulphonylurea treatment more often had persistent hypoglycaemia (glucose
below 3 mmol/L or 54 mg/dL) compared with insulin
users (46% vs 22%) [44]. Older age has also been associated with longer hospital stays, along with female gender, and frailty/comorbidity [51]. Almost 1/5 of all
patients admitted for hypoglycaemia had at least one
previous admission for hypoglycaemia and 23% of the
readmissions occurred within 1 month [51].
In the study by Rajendran et al., 10% of the
hypoglycaemic events were accompanied by an additional serious harm, such as fall-related injury [44]. Elevated risk of fall-related events (fractures, head injuries
and fall-related hospital admissions) has also been
shown after discharge, with a 6-fold higher risk the first
30 days and a sustainable double risk for 1 year after a
hypoglycaemic event [38]. Rajendran et al. also studied
the long-term outcome following severe hypoglycaemia
requiring hospitalization and found that 1 in 4 individuals died within the following year, with a mean time to
death after discharge of 75 days [44].

Discussion
In this scoping review we identified literature on
hypoglycaemia in older home-dwelling people with diabetes within four areas; incidence of hypoglycaemia in
older home-dwelling people with diabetes, risk factors of
hypoglycaemia,
diabetes
knowledge
and
selfmanagement, and consequences of hypoglycaemia for
health care use. Most of the literature focused on incidence and risk factors of hypoglycaemia, while there was
less literature on diabetes knowledge, self-management
skills and consequences of hypoglycaemia in older
home-dwelling individuals. Such knowledge is important
in the current situation with strong governmental policies in most western countries to treat and manage
complex health conditions in the patient’s home [52–
54]. Knowledge on consequences of hypoglycaemia for
the ability to remain home-dwelling, as well as diabetes
knowledge and self-management skills, is important for
planning future home health care services for this group
of individuals.
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The studies identified in this review reported incidences of hypoglycaemia requiring emergency medical
care in older home-dwellers of 0.5–2.5 incidences/100
patient years [30, 36, 39, 44, 50, 51]. Farmer et al.
showed that the incidence of hypoglycaemia was lower
in older compared with younger adults, with an annual
rate of 1.9% in individuals ≥65 years compared with an
annual rate of 7.5% in individuals 15–35 years. Among
older individuals, the risk of hypoglycaemia rises with increasing age as demonstrated in the study by Lipska
et al. were rates of hypoglycaemia were 2-fold higher in
individuals ≥75 years compared with individuals 65–74
years [55]. Although the annual rate among older people
is lower than for younger individuals, the absolute number of severe events among older individuals is high due
to the large proportion of older people with diabetes.
Also, hypoglycaemia in older individuals more often require hospitalizations [30]. In light of the rising number
of older people with diabetes, hypoglycaemia may be expected to contribute to an escalating burden on the
health care services in the future. In all of the identified
studies, hypoglycaemic events were registered through
contact with the health care system, mostly emergency
calls or admittance to hospital [30, 36, 39, 44, 50, 51].
We did not identify any studies reporting on
hypoglycaemia managed by the person with diabetes,
their next-of-kin or home care personnel. Although
CGM data in older home-dwelling people with diabetes
is scarce, there are indications of a much higher frequency of severe hypoglycaemia and undiscovered
hypoglycaemia in older people than we have been aware
of through epidemiological studies [56]. Gehlaut et al.
found that hypoglycaemia was highly frequent, with 75%
experiencing at least one asymptomatic hypoglycaemic
event and 21% of the individuals experiencing severe
hypoglycaemia during the 5 days of CGM data collection
[32]. The risk of hypoglycaemia being unrecognised in
older individuals has also been demonstrated in primary
care where consultations due to non-specific symptoms
were common in individuals over 65 years [57]. Although the literature so far mostly has focused on severe
hypoglycaemic events requiring professional emergency
health care, there are indications of relatively frequent
hypoglycaemic episodes, including those of severity. This
suggests that relying solely on epidemiological data and
prescription records/ambulance calls may have led to an
underestimation of the incidence of hypoglycaemia in
older individuals.
The general recommendation on glycaemic control in
older individuals is that hypoglycaemia should be
avoided in order to prevent adverse outcomes [16]. The
recent guideline from the American Diabetes Association recommends a glycaemic goal of < 58 mmol/mol
(< 7.5%) in otherwise healthy older adults with few
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coexisting chronic illnesses and intact cognitive function
and functional status [16]. Less stringent glycaemic goals
(< 64–69 mmol/mol or < 8.0–8.5%) are recommended in
individuals with multiple coexisting chronic illnesses,
cognitive impairment, or functional dependence. Several
of the studies identified in the present scoping review
showed that older individuals are subjected to a tighter
glycaemic control than recommended [33, 40, 41, 49].
Lipska et al. found that more than half of the older individuals with diabetes had HbA1c levels below recommended levels, and this also included individuals with
very complex/poor health [41]. Similarly, in a large cohort of individuals with type 2 diabetes and dementia,
more than half of the individuals were subjected to tight
glycaemic control [49]. Also, Hambling and colleagues
reported that 30% of a diabetes cohort had HbA1c below
recommended levels, and there was no difference in median HbA1c between those with or without either
chronic kidney disease or dementia [33]. These results
indicate that the recommendations of less stringent glycaemic goals in order to reduce the risk of adverse
events in older individuals with comorbidities, are often
not followed.
Several studies suggest that older adults with elevated
HbA1c are still at risk of hypoglycaemia [40, 58]. The indication that variance in blood glucose, rather than
simply overall lower blood glucose, predispose older individuals to hypoglycaemia, is supported by a recent
study from primary care [59]. Results from general practice records of almost 6000 individuals with type 2 diabetes showed that the prevalence of hypoglycaemia
increased with increasing HbA1c [59]. Therefore, it is essential that clinicians recognize that elevated HbA1c
does not protect against hypoglycaemia and that other
efforts should be made to reduce the risk. Such efforts
could include personalized treatment strategies to avoid
overtreatment, use of medication with lower risk of
hypoglycaemia, simplified treatment regimens and increased follow-up.
Individual risk factors, such as reduced renal function,
cognitive impairment, difficulties with activities of daily
living, use of antidepressants, and their association with
risk of hypoglycaemia, were reported in several of the included studies [31, 33, 37, 39–41, 43, 47, 49]. In sum,
many of the investigated individual risk factors increase
the risk of hypoglycaemia by about 2-fold [31, 39]. Although there are some studies showing that the risk of
hypoglycaemia is around 2-fold higher in older individuals with cognitive impairment/dementia or renal disease, there are no studies demonstrating causality. Also,
we have not identified any studies where the combined
and possible additive effect of the different risk factors
have been assessed. This is highly important, as many
older people suffer from several diseases and may have
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multiple risk factors affecting their risk for
hypoglycaemia. Also, we did not identify any studies investigating association between risk of hypoglycaemia
and co-habitation status. The potential effect of depression on diabetes management and hypoglycaemia was
only reported in one study, which found a 2-fold increased risk of hypoglycaemia in individuals using antidepressant medication [39]. In sum, most of the
literature focused on the effect of impaired cognitive
function and/or renal function, while information on
other risk factors was limited or lacking. For older
home-dwelling persons with diabetes, the advice is to assess and reassess the patients’ risk profiles, as the appropriate balance between glycaemic control and risk of
hypoglycaemia will change in line with changes in cognitive function, and thereby the individuals’ ability to follow up complex self-management tasks. Sufficient
knowledge on risk factors is crucial in order to enable
proper risk assessment, determine individual treatment
goals and personalize treatment plans.
It is well known that severe hypoglycaemia may lead
to seizures, coma, falls/fractures, as well as increased risk
of major cardiovascular events and cardiovascular death
[5, 6]. Less is known about the consequences of less severe episodes of hypoglycaemia (i.e., not leading to immediate hospitalization). However, common symptoms
of transient falls in blood glucose in older people include
confusion, dizziness and weakness, and there is a growing body of evidence that recurrent episodes of moderate
hypoglycaemia increases the risk of functional decline
and frailty in older people with diabetes [60]. Also, episodes of hypoglycaemia are potentially underreported
due to non-specific symptoms and, for some individual,
problems with communication of symptoms to health
care providers. The consequence of undiscovered and/or
misdiagnosed hypoglycaemia in older people with diabetes may be inadequate management of hypoglycaemic
episodes. Thus, the risk of hypoglycaemia-related adverse events, such as falls and fractures may increase,
possibly affecting the individuals’ long-term ability to
self-manage and remain home-dwelling. However, we
did not identify any studies exploring severe
hypoglycaemia in older home-dwelling individuals and
the long-term effects on use of health care services, need
of home care, or the individuals’ ability to self-manage.
With the rising number of older people with diabetes
this is important to address. The increasing health care
demands due to aging populations has led to many
countries prioritising resources to facilitate that older individuals remain home-dwellers for as long as possible
[52–54]. Concerning diabetes, hypoglycaemia is a potential threat to older individuals’ ability to continue residing at home. Therefore, early comprehensive monitoring
of individuals risk factors and good quality home-care
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services, could be of importance for maintaining glycaemic control in older years and conserving the individuals’ ability for self-management, thereby enabling them
to remain home-dwelling longer.
The lack of quality assessment of the included articles
is a limitation of this scoping review. However, this is a
general feature of the scoping review methodology, as
the goal of a scoping review is simply to identify research that has been conducted, not necessarily to assess
quality [26]. It must also be noted that there may be literature of relevance not included in this study, as only
articles written in English, Danish, Norwegian, or Swedish were eligible for inclusion. It is a strength that no
limitation on publication date was applied in the search
strategy to ensure that relevant literature was not excluded. However, due to the instant and continuous development of diabetes treatment and follow-up, findings
in some of the earlier articles may not be appropriate for
the current situation. Also, services provided for homedwelling older people with diabetes in their home vary
in different countries and may also have changed during
the last decades. Thus, the earliest work included in the
review needs to be carefully interpreted. Also, we limited
of origin of the studies in our search in order to identify
studies from countries with somewhat comparable quality of health care system and follow-up of individuals
with diabetes.

Conclusion
The present scoping review revealed a fair amount of
literature on the incidence of severe hypoglycaemia
resulting in hospital admission in older homedwelling adults, while there was very little data on episodes managed in the individuals’ homes. Also, different risk factors of hypoglycaemia have been studied
independently, but given the complex situation of
older home-dwelling individuals, there is a need for
studies on the combined effect of risk factors in order
to be able to identify individuals at very high risk.
The literature on consequences of hypoglycaemia specifically relevant to older home-dwelling individuals
and the knowledge of diabetes management in order
to prevent adverse events, was limited. Future studies
addressing hypoglycaemia in older people with diabetes residing at home, are needed, in order to better
tailor interventions which can enable them to remain
home-dwelling as long as possible.
Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12877-020-01961-6.
Additional file 1: Supplementary file 1. Medline search strategy
(Literature search performed July 2nd 2018).

Hermann et al. BMC Geriatrics

(2021) 21:20

Abbreviations
CGM: Continuous glucose monitoring; DM: Diabetes mellitus;
HbA1c: Glycosylated haemoglobin; T1DM: Type 1 diabetes mellitus;
T2DM: Type 2 diabetes mellitus
Acknowledgements
The authors would like to give special thanks to Gunhild Austrheim, Western
Norway University of Applied Sciences, Bergen, Norway, for assistance with
the literature search. Also, Professor Trisha Dunnings’, Deakin University,
Melbourne, Australia, contributions to the design of the study is greatly
acknowledged.
Authors’ contributions
MH and MG designed the study with contributions from AKS. The literature
search was performed by MH and MG with assistance from an experienced
librarian. MH, LSH, AH, IH and MG performed the data extraction and
interpretation. All authors contributed to writing the manuscript and read
and approved the final manuscript.
Funding
This work was funded by the authors own institutions.
Availability of data and materials
The protocol and dataset are available from the corresponding author on
reasonable request.
Ethics approval and consent to participate
Not applicable.
Consent for publication
Not applicable.
Competing interests
None of the authors have any competing interests to declare.
Author details
1
Faculty of Health and Social Sciences, Institute of Health and Caring
Sciences, Western Norway University of Applied Sciences, Stord, Norway.
2
Faculty of Health and Social Sciences, Institute of Health and Caring
Sciences, Western Norway University of Applied Sciences, Bergen, Norway.
3
School of Health Sciences, University of Akureyri, Akureyri, Iceland. 4Akureyri
Hospital, Akureyri, Iceland.
Received: 16 September 2020 Accepted: 14 December 2020

References
1. International Diabetes Federation. IDF Atlas 9th edition 2019 www.
diabetesatlas.org. Accessed 14 Sept 2020.
2. Ingelfinger JR, Jarcho JA. Increase in the incidence of diabetes and its
implications. N Engl J Med. 2017;376(15):1473–4.
3. Huang ES, Laiteerapong N, Liu JY, John PM, Moffet HH, Karter AJ. Rates of
complications and mortality in older patients with diabetes mellitus: the
diabetes and aging study. JAMA Intern Med. 2014;174(2):251–8.
4. Davies TT, Graue M, Igland J, Tell GS, Birkeland KI, Peyrot M, et al. Diabetes
prevalence among older people receiving care at home: associations with
symptoms, health status and psychological well-being. Diabet Med. 2019;
36(1):96–104.
5. Sircar M, Bhatia A, Munshi M. Review of hypoglycemia in the older adult:
clinical implications and management. Can J Diabetes. 2016;40(1):66–72.
6. Zoungas S, Patel A, Chalmers J, de Galan BE, Li Q, Billot L, et al. Severe
hypoglycemia and risks of vascular events and death. N Engl J Med. 2010;
363(15):1410–8.
7. Meneilly GS, Knip A, Miller DB, Sherifali D, Tessier D, Zahedi A. Diabetes in
older people. Can J Diabetes. 2018;42(Suppl 1):S283–s95.
8. Bremer JP, Jauch-Chara K, Hallschmid M, Schmid S, Schultes B.
Hypoglycemia unawareness in older compared with middle-aged patients
with type 2 diabetes. Diabetes Care. 2009;32(8):1513–7.
9. Matyka K, Evans M, Lomas J, Cranston I, Macdonald I, Amiel SA. Altered
hierarchy of protective responses against severe hypoglycemia in normal
aging in healthy men. Diabetes Care. 1997;20(2):135–41.

Page 10 of 11

10. Meneilly GS, Cheung E, Tuokko H. Counterregulatory hormone
responses to hypoglycemia in the elderly patient with diabetes.
Diabetes. 1994;43(3):403–10.
11. Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics and
pharmacodynamics: basic principles and practical applications. Br J Clin
Pharmacol. 2004;57(1):6–14.
12. Mathur S, Zammitt NN, Frier BM. Optimal glycaemic control in elderly
people with type 2 diabetes: what does the evidence say? Drug Saf. 2015;
38(1):17–32.
13. Claydon-Platt K, Manias E, Dunning T. Development and evaluation of a
screening tool to identify people with diabetes at increased risk of
medication problems relating to hypoglycaemia and medication nonadherence. Contemp Nurse. 2014;48(1):10–25.
14. Meneilly GS, Tessier DM. Diabetes, dementia and hypoglycemia. Can J
Diabetes. 2016;40(1):73–6.
15. Feinkohl I, Aung PP, Keller M, Robertson CM, Morling JR, McLachlan S, et al.
Severe hypoglycemia and cognitive decline in older people with type 2
diabetes: the Edinburgh type 2 diabetes study. Diabetes Care. 2014;37(2):507–15.
16. American Diabetes Association. 12. Older Adults: Standards of Medical Care
in Diabetes-2020. Diabetes Care. 2020;43(Suppl 1):S152–S62.
17. Sinclair AJ, Abdelhafiz A, Dunning T, Izquierdo M, Rodriguez Manas L,
Bourdel-Marchasson I, et al. An international position statement on the
Management of Frailty in diabetes mellitus: summary of recommendations
2017. J Frailty Aging. 2018;7(1):10–20.
18. Dunning T, Sinclair A, Colagiuri S. New IDF guideline for managing type 2
diabetes in older people. Diabetes Res Clin Pract. 2014;103(3):538–40.
19. Malanda UL, Bot SD, Nijpels G. Self-monitoring of blood glucose in
noninsulin-using type 2 diabetic patients: it is time to face the evidence.
Diabetes Care. 2013;36(1):176–8.
20. O'Kane MJ, Pickup J. Self-monitoring of blood glucose in diabetes: is it
worth it? Ann Clin Biochem. 2009;46(Pt 4):273–82.
21. Haltbakk J, Graue M, Harris J, Kirkevold M, Dunning T, Sigurdardottir AK.
Integrative review: patient safety among older people with diabetes in
home care services. J Adv Nurs. 2019;75(11):2449–60.
22. Nursing and care services 2017. Statistics Norway; 2018. Report No.: 2018/26.
23. Haugstvedt A, Graue M, Aarflot M, Heimro LS, Johansson H, Hjaltadottir I,
et al. Challenges in maintaining satisfactory documentation routines and
evidence-based diabetes management in nursing homes. Int Diabetes Nurs.
2016;13:37–42.
24. Gershater MA, Pilhammar E, Roijer CA. Documentation of diabetes care in
home nursing service in a Swedish municipality: a cross-sectional study on
nurses' documentation. Scand J Caring Sci. 2011;25(2):220–6.
25. Munshi MN, Florez H, Huang ES, Kalyani RR, Mupanomunda M, Pandya N,
et al. Management of Diabetes in long-term care and skilled nursing
facilities: a position statement of the American Diabetes Association.
Diabetes Care. 2016;39(2):308–18.
26. Arksey H. L. OM. Scoping studies: towards a methodological framework. Int
J Soc Res Methodol. 2005;8(1):19–32.
27. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the
methodology. Implement Sci. 2010;5:69.
28. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA
extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann
Intern Med. 2018;169(7):467–73.
29. Dunning T, Manias E. Medication knowledge and self-management by
people with type 2 diabetes. Aust J Adv Nurs. 2005;23(1):7–14.
30. Farmer AJ, Brockbank KJ, Keech ML, England EJ, Deakin CD. Incidence and
costs of severe hypoglycaemia requiring attendance by the emergency
medical services in south Central England. Diabet Med. 2012;29(11):1447–50.
31. Feil DG, Rajan M, Soroka O, Tseng CL, Miller DR, Pogach LM. Risk of
hypoglycemia in older veterans with dementia and cognitive impairment:
implications for practice and policy. J Am Geriatr Soc. 2011;59(12):2263–72.
32. Gehlaut RR, Dogbey GY, Schwartz FL, Marling CR, Shubrook JH. Hypoglycemia
in type 2 diabetes--more common than you think: a continuous glucose
monitoring study. J Diabetes Sci Technol. 2015;9(5):999–1005.
33. Hambling CE, Seidu SI, Davies MJ, Khunti K. Older people with type 2
diabetes, including those with chronic kidney disease or dementia, are
commonly overtreated with sulfonylurea or insulin therapies. Diabet Med.
2017;34(9):1219–27.
34. Harsch IA, Kaestner RH, Konturek PC. Hypoglycemic side effects of
sulfonylureas and repaglinide in ageing patients - knowledge and selfmanagement. J Physiol Pharmacol. 2018;69(4):647–9.

Hermann et al. BMC Geriatrics

(2021) 21:20

35. Hewitt J, Smeeth L, Chaturvedi N, Bulpitt CJ, Fletcher AE. Self management
and patient understanding of diabetes in the older person. Diabet Med.
2011;28(1):117–22.
36. Holstein A, Plaschke A, Egberts EH. Clinical characterisation of severe
hypoglycaemia--a prospective population-based study. Exp Clin Endocrinol
Diabetes. 2003;111(6):364–9.
37. Holstein A, Hammer C, Hahn M, Kulamadayil NS, Kovacs P. Severe
sulfonylurea-induced hypoglycemia: a problem of uncritical prescription and
deficiencies of diabetes care in geriatric patients. Expert Opin Drug Saf.
2010;9(5):675–81.
38. Kachroo S, Kawabata H, Colilla S, Shi L, Zhao Y, Mukherjee J, et al.
Association between hypoglycemia and fall-related events in type 2
diabetes mellitus: analysis of a U.S. commercial database. J Manag Care
Spec Pharm. 2015;21(3):243–53.
39. Lee AK, Lee CJ, Huang ES, Sharrett AR, Coresh J, Selvin E. Risk factors for
severe hypoglycemia in black and white adults with diabetes: the
atherosclerosis risk in communities (ARIC) study. Diabetes Care. 2017;40(12):
1661–7.
40. Lipska KJ, Warton EM, Huang ES, Moffet HH, Inzucchi SE, Krumholz HM, et al.
HbA1c and risk of severe hypoglycemia in type 2 diabetes: the diabetes and
aging study. Diabetes Care. 2013;36(11):3535–42.
41. Lipska KJ, Ross JS, Miao Y, Shah ND, Lee SJ, Steinman MA. Potential
overtreatment of diabetes mellitus in older adults with tight glycemic
control. JAMA Intern Med. 2015;175(3):356–62.
42. Parsaik AK, Carter RE, Myers LA, Basu A, Kudva YC. Hypoglycemia requiring
ambulance services in patients with type 2 diabetes is associated with
increased long-term mortality. Endocr Pract. 2013;19(1):29–35.
43. Penfornis A, Fiquet B, Blickle JF, Dejager S. Potential glycemic overtreatment
in patients >/=75 years with type 2 diabetes mellitus and renal disease:
experience from the observational OREDIA study. Diabetes Metab Syndr
Obes. 2015;8:303–13.
44. Rajendran R, Hodgkinson D, Rayman G. Patients with diabetes requiring
emergency department care for hypoglycaemia: characteristics and longterm outcomes determined from multiple data sources. Postgrad Med J.
2015;91(1072):65–71.
45. Reed JA, Ashton H, Lawrence JM, Hollinghurst S, Higgs ER. Diabetes selfmanagement: how are we doing? Pract Diab Int. 2003;20(9):318–22.
46. Reifegerste D, Hartleib S. Hypoglycemia-related information seeking among
informal caregivers of type 2 diabetes patients: implications for health
education. J Clin Transl Endocrinol. 2016;4:7–12.
47. Sotiropoulos A, Skliros EA, Tountas C, Apostolou U, Peppas TA, Pappas SI.
Risk factors for severe hypoglycaemia in type 2 diabetic patients admitted
to hospital in Piraeus, Greece. East Mediterr Health J. 2005;11(3):485–9.
48. Thomson FJ, Masson EA, Leeming JT, Boulton AJ. Lack of knowledge of
symptoms of hypoglycaemia by elderly diabetic patients. Age Ageing. 1991;
20(6):404–6.
49. Thorpe CT, Gellad WF, Good CB, Zhang S, Zhao X, Mor M, et al. Tight
glycemic control and use of hypoglycemic medications in older veterans
with type 2 diabetes and comorbid dementia. Diabetes Care. 2015;38(4):
588–95.
50. Villani M, Nanayakkara N, Ranasinha S, Earnest A, Smith K, Soldatos G, et al.
Utilisation of prehospital emergency medical services for hyperglycaemia: a
community-based observational study. PLoS One. 2017;12(8):e0182413.
51. Zaccardi F, Davies MJ, Dhalwani NN, Webb DR, Housley G, Shaw D, et al.
Trends in hospital admissions for hypoglycaemia in England: a retrospective,
observational study. Lancet Diabetes Endocrinol. 2016;4(8):677–85.
52. World Health Organization. World report on ageing and health. 2015.
https://www.who.int/ageing/events/world-report-2015-launch/en/. Accessed
14 Sept 2020.
53. World Health Organization. The gobal strategy and action plan on aging
and health. 2017. https://www.who.int/ageing/global-strategy/en/. Accessed
14 Sept 2020.
54. White paper. Samhandlingsreformen (2008–2009). Rett behandling på rett
sted til rett tid [The coordination reform. Proper treatment - at the right
place and right time]. In: Services NMoHaC, editor. https://www.regjeringen.
no/en/dokumenter/report.no.-47-to-the-storting-2008-2009/id567201/
Accessed 14 Sept 2020.
55. Lipska KJ, Ross JS, Wang Y, Inzucchi SE, Minges K, Karter AJ, et al. National
trends in US hospital admissions for hyperglycemia and hypoglycemia
among Medicare beneficiaries, 1999 to 2011. JAMA Intern Med. 2014;174(7):
1116–24.

Page 11 of 11

56. Munshi MN, Segal AR, Suhl E, Staum E, Desrochers L, Sternthal A, et al.
Frequent hypoglycemia among elderly patients with poor glycemic control.
Arch Intern Med. 2011;171(4):362–4.
57. Hope SV, Taylor PJ, Shields BM, Hattersley AT, Hamilton W. Are we missing
hypoglycaemia? Elderly patients with insulin-treated diabetes present to
primary care frequently with non-specific symptoms associated with
hypoglycaemia. Prim Care Diabetes. 2018;12(2):139–46.
58. Munshi MN, Slyne C, Segal AR, Saul N, Lyons C, Weinger K. Liberating A1C
goals in older adults may not protect against the risk of hypoglycemia. J
Diabetes Complicat. 2017;31(7):1197–9.
59. Heald AH, Anderson SG, Cortes GJ, Cholokova V, Narajos M, Khan A, et al.
Hypoglycaemia in the over 75s: understanding the predisposing factors in
type 2 diabetes (T2DM). Prim Care Diabetes. 2018;12(2):133–8.
60. Abdelhafiz AH, Rodriguez-Manas L, Morley JE, Sinclair AJ. Hypoglycemia in
older people - a less well recognized risk factor for frailty. Aging Dis. 2015;
6(2):156–67.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

