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Aims: Determine prevalence of diabetes, and describe use of blood glucose lowering (BGL)
drugs and glycemic control in Norwegian nursing homes.
Methods: In this cross-sectional study we collected details of BGL drugs, capillary blood
glucose measurements (CBGM) in the last four weeks and HbAlc measurements in the last
12 months from the medical records of patients with diabetes, within a population of 742
long-term care patients from 19 randomly selected nursing homes in Western Norway.
Descriptive statistics were applied, and Pearson’s chi-squared (P < 0.05) or non-overlapping
95% confidence intervals were interpreted as significant effects.
Results: 116 patients (16%) had diabetes, 100 of these gave informed consent and medical
data were available. BGL treatment was as follows: (1) insulin only (32%), (2) insulin and oral
antidiabetics (OADs) (15%), (3) OADs only (27%) and (4) no drugs (26%). Patients with
cognitive impairment were less likely to receive medical treatment (P =0.04). CBGM and
HbAlc measurements were performed for 73% and 77% of patients, respectively. Mean
HbAlc was 7.3% (57 mmol/mol), 46% of patients had an HbAlc <7.0% (53 mmol/mol), and
CBGM consistent with risk of hypoglycemia was found for 60% of these patients.
Conclusions: Prevalence of diabetes and BGL treatment in Norwegian nursing homes is
comparable to other European countries. Although special care seems to be taken when
choosing treatment for patients with cognitive impairment, there are signs of overtreat-
ment in the population as a whole. The strict glycemic control unveiled may negatively
affect these frail patients’ quality of life and increase the risk of early death.
© 2014 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under
the CC BY-NC-SA license (http://creativecommons.org/licenses/by-nc-sa/3.0/).
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1. Introduction

The prevalence of diabetes is increasing worldwide, with the
highest rise in the population >60 years of age [1]. Diabetes in
the elderly is metabolically distinct from younger patients [2],
associated with an accelerated progression of both functional
and cognitive decline [3-5] and is a common cause of nursing
home admissions [6]. The reported prevalence of diabetes in
nursing homes varies from 11 to 36% around the world [7-13].

The majority of nursing home patients receive multiple
drug therapy and drug-related problems (DRPs) are common
[14]. Patients with diabetes have a higher burden of comorbid-
ities compared to patients without diabetes [10,15], further
complicating management of care. Hypoglycemic episodes
occur frequently, due to both an overly intensive drug regime
[7,11,16] and concurrent diseases [17,18]. Symptoms of
hypoglycemia in the elderly are often unspecific and less
marked compared to in younger patients [19,20] and may be
mistaken for symptoms of their cognitive or functional
impairment, or even stroke [20,21]. Hypoglycemia is associat-
ed with an increased risk of adverse clinical outcomes, such as
cardiovascular disease, dementia and death [22,23]. Lack of
guidelines for blood glucose monitoring [7,24], poor recogni-
tion of clinical symptoms that may call for unscheduled
measurements [9], and unclear limits of blood glucose
concentrations where the physician should be notified [24],
may further increase the risk and impact of hypoglycemia.

Guidelines for treatment have, until recently, been sparse
for frail, older patients. However, the new recommendations
concerning treatment of diabetes in this population have a
strong focus on reducing the risk of hypoglycemia in addition
to limiting hyperglycemia, both through reducing excessive
medical treatment and providing appropriate and sufficient
blood glucose monitoring. [25,26].

In Norway, a study from the Tromsg area that examined
subjects >69 years of age either receiving nursing care athome
or in an institution found a known diabetes prevalence of 20%
[27]. However, this study did not discriminate between
patients that received nursing care at home and patients
who were staying in an institution; neither did they include
patients with severe illness or dementia. Hence, diabetes
prevalence in Norwegian nursing homes has not been studied
exclusively, and the quality of diabetes care has not previously
been investigated for these patients. This study aims to
determine the prevalence of diabetes in Norwegian nursing
homes, and investigate the use of blood glucose lowering
drugs, frequency of capillary blood glucose measurements
(CBGM) and HbAlc measurements, and glycemic control in
this population. In addition, these aspects of diabetes care are
compared with the newer recommendations for diabetes
treatment and follow-up.

2. Subjects, materials and methods
2.1.  Study design and participants

This cross-sectional study was performed within a population
of long-term care patients in nursing homes between February

and August 2012. Long-term care patients were defined as
patients admitted for a stay of >3 months. We drew a random
sample from all nursing homes (n = 180) within the geograph-
ical area of the Western Norway Regional Health Authority. A
total of 26 nursing homes were invited to participate and 20 of
these accepted, of which one withdrew after data collection
had begun. The 19 nursing homes were located in both rural
and urban areas, with a median long-term care population of
29 patients (range 8-136). Sixteen of the nursing homes were
owned by the municipality, whereas three were owned by
private foundations.

To ensure patients’ confidentiality nursing home staff
collected depersonalized data about year of birth, sex, and
which patients had a diagnosis of diabetes. Nursing home staff
also assessed diabetes patients’ capacity to give consent and
collected written, informed consent from patients. In cases
where patients themselves lacked capacity to consent, their
next of kin was asked to give consent on their behalf. The
study was approved by a regional committee for medical
research ethics (REK Vest).

The researcher (LMA) examined the nursing home medical
records of all consenting diabetes patients and registered any
blood glucose lowering drugs. They were defined as all drugs
within code A10 —“Drugs used in diabetes” in the Anatomical
Therapeutic Chemical (ATC) classification system [28]. The
researcher also collected information on number of measure-
ments and concentrations of capillary blood glucose and
HbAlc within the last four weeks and twelve months,
respectively. In this population, we define hypoglycemia as
a blood glucose concentration <4.0 mmol/L and risk of
hypoglycemia as a fasting blood glucose concentration
<6.0 mmol/L [26]. Hyperglycemia is defined as a blood glucose
concentration >11.0 mmol/L [26].

2.2. Statistical analyses

Descriptive statistics for normally distributed continuous
variables are expressed as means with 95% confidence
intervals (CI). Non-overlapping confidence intervals are inter-
preted as significant effects. Continuous variables with a
skewed distribution are presented as median with range.
Categorical variables are presented as frequencies and
percentages. The 95% CI for the percentages were estimated
by the 2.5 and 97.5 percentiles from non-parametric boot-
strapped data (10,000 datasets were simulated for each CI).
Pearson’s chi-squared were used to test for significant effects.
P-values < 0.05 were considered statistically significant. Sta-
tistical analyses were carried out using IBM SPSS Statistics 20.0
(IBM, Armonk, NY) and Microsoft Excel 2010 (Microsoft,
Redmond, WA, USA).

3. Results
3.1.  Demographics

A total of 742 long-term care patients lived within the 19
participating nursing homes. Of these, 116 had a diagnosis of
diabetes (16%). Patients with diabetes did not differ from the
patients without diabetes in mean age (85.2 y [CI: 83.8, 86.6] vs.
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Table 1 - Overview of drugs prescribed for regulating blood glucose (ATC-code: A10) divided into insulin injections and

oral antidiabetics (OADs) (n = 74).

ATC-code Substance Number of patients Number of regular Number of prn®
with prescription® prescriptions prescriptions
Insulins A10A A10ABO5 Insulin aspart 31 3 31
A10ACO1 Insulin isophane 25 25 0
A10ADO5 Insulin aspart 9 9 1
A10ABO1 Insulin isophane 7 0 7
A10AB0O4 Insulin lispro 3 1 2
A10AEO05 Insulin detemir 3 3 0
A10AE04 Insulin glargine 1 1 0
A10AD04 Insulin lispro 1 1 0
Other antidiabetics A10B A10BAO2 Metformin 27 27 0
A10BB12 Glimepiride 18 18 0
A10BB0O7 Glipizide 1 1 0

@ As some patients are prescribed the drug both regular and prn, this number will not always add up to the sum of regular prescriptions + prn

prescriptions.
® Prn = pro re nata/as needed medication.

86.0 y [CI: 85.3, 86.7]) or in male to female ratio (0.49 vs. 0.37,
P=0.22).

The study population consisted of 100 consenting patients
with diabetes, of which 52 were able to give informed consent
themselves. The 16 patients not consenting did not differ from
the consenting patients in age, in male to female ratio, or in
capacity to consent.

Seventy-five patients were registered with type 2 diabetes,
five with type 1 diabetes, and for twenty patients information
about type of diabetes was not given in the nursing home
medical records.

3.2.  Drug regime

Nearly half of the patients (n = 47) were prescribed insulin, 32
of which were prescribed insulin only and 15 of which were
prescribed insulin and oral antidiabetics (OADs). Of the
patients with only a prn (pro re nata—as needed) prescription
for insulin (n=11), eight were in the insulin + OAD group.
Patients were prescribed a range of eleven different drugs for
lowering blood glucose (Table 1). Insulins most frequently
prescribed were insulin aspart (n = 44) and insulin isophane
(n=32). Metformin (n=27) and glimepiride (n = 18) were the
most commonly prescribed OADs.

A quarter of the patients (n = 26) received no blood glucose
lowering drugs (Table 2). These did not differ from other
patients in mean age, male to female ratio or type of diabetes
registered in their medical records. However, the percentage
of patients being prescribed blood glucose lowering drugs was
significantly higher for patients with capacity to consent
compared to patients without capacity to consent (82.7% vs.
64.6%, P = 0.04). The patients who received medical treatment
for their diabetes had an average of 1.8 [CI: 1.6, 1.9] prescribed
drugs for lowering blood glucose (range 1-3). Two of the
patients registered with type 1 diabetes were prescribed an
OAD (metformin) in addition to insulin.

3.3.  Glycemic control

Seventy-three of 100 patients had one or more capillary blood
glucose measurements (CBGM) in the last four weeks. Median

number of CBGM was significantly higher for patients
receiving regular insulin injections compared to the other
treatment groups (P < 0.01) (Table 2). Thirteen patients had
daily CBGM, twelve of which received regular insulin injec-
tions and one patient who received sulfonylurea as a regular
medication.

Of the patients who had a record of CBGM in the last four
weeks, 60% had recorded one or more measurements of blood
glucose concentrations in the range of hypoglycemia
(<4.0 mmol/L) and/or risk of hypoglycemia (fasting blood
glucose <6.0 mmol/L). Fifteen percent of all recorded CBGM
were in the range of hypoglycemia or risk of hypoglycemia
(Table 3).

All patients who were prescribed insulin had at least one
recorded episode of a CBGM <6.0 mmol/L (fasting), and 62%
of these patients also had a record of CBGM >11.0 mmol/L.
For the “OAD group” the numbers were 48% and 11%,
respectively. None of the patients in the ‘“No drugs group”
had a record of CBGM <6.0 mmol/L, whilst 8% had a record
of CBGM >11.0 mmol/L. A record of CBGM <6.0 mmol/L was
significantly associated with higher mean HbAlc value (7.8%
[CI: 7.3, 8.3] (61 mmol/mol [CI: 56, 67]) vs. 6.5% [CI: 6.1, 6.9]
(48 mmol/mol [CI: 44, 52])). Patients with a record of CBGM
>11.0 mmol/L also had a significantly higher mean HbAlc
value compared to those with no recordings >11.0 mmol/L
(8.3% [CI: 7.7, 8.9] (67 mmol/mol [CI: 60, 74]) vs. 6.8% [CI: 6.4,
7.2] (51 mmol/mol [CI: 46, 55])). We did not find significant
differences in mean HbAlc value between patients with a
record of CBGM <4.0 mmol/L and patients with no record-
ings <4.0 mmol/L (8.0% [CI: 7.1, 9.0] (64 mmol/mol [CI: 53,
75]) vs. 7.2% [CI: 6.8, 7.6] (56 mmol/mol [CI: 51, 60])), or
between patients with a record of CBGM compared to those
with no recordings of CBGM the last four weeks (7.5% [CI:
7.0, 7.9] (58 mmol/mol [CI: 53, 62]) vs. 6.9% [CI: 6.1, 7.8]
(52 mmol/mol [CI: 43, 61])). Neither did we find an associa-
tion between number of CBGM and last recorded HbAlc
value (data not shown).

Twenty-three patients had no record of HbAlc measure-
ments during the last 12 months, 14 of which were prescribed
blood glucose lowering drugs. Forty patients had one recorded
HbAlc value, and in 37 patients the number of measurements
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4, Discussion

Our results show that 16% of long-term care patients in
Norwegian nursing homes have a known diagnosis of
diabetes. This is consistent with findings from other European
countries [7,11-13], and also comparable with the prevalence
previously reported for the elderly population receiving
nursing care either at home or in an institution in the Tromsg
area in Norway [27]. The majority of the patients in our study
(71%) receive blood glucose regulating drugs regularly, but
frequency and level of glycemic control vary greatly amongthe
patients.

Patients with diabetes were prescribed a variety of blood
glucose lowering drugs (Table 1), and choice of drugs, average
number of prescribed drugs, and proportion of patients in the
different treatment groups are comparable to what are
reported in other nursing home studies [7,11,29].

Metformin was the drug of choice for patients prescribed
OADs, whilst a basal regime with NPH-insulin was common in
insulin-treated patients (Table 1). This is consistent with
current recommendations for older people with diabetes,
although these also state that newer therapies may benefit
selected patients [26]. Insulin detemir and insulin glargine
have shown to be more beneficial than NPH-insulin for
patients at higher risk of hypoglycemia [30]. The same is true
for incretin mimetics in obese patients and DPP-4 inhibitors in
malnourished patients [31]. However, limited knowledge of
effect and safety of the newer therapies in the population aged
>75 years, and higher costs may be an explanation for why
these drugs are seldom or never prescribed [30,31].

On average, the patients who received medical treatment
for their diabetes were prescribed more than one drug for
lowering their blood glucose, and almost half of them receive
regular insulin injections. The reason for this may be that
advanced age is associated with a decline in glucose tolerance
and B-cell function, leading to increased insulin resistance and
impaired insulin secretion [32]. Progressive loss of glycemic
control in type 2 diabetes with time, requiring several OADs
and ultimately insulin to achieve appropriate treatment, is
also well-known [33]. Although we do not have information
about duration of diabetes in these patients, it is reasonable to
believe that a number of them have had the disease for some
time. Jorde and Hagen reported the average duration of
diabetes to be 11.2 & 8.2 years [27]. They found that 46% of the
patients were treated with insulin compared to 47% of the
patients in our study. However, the majority of the Tromsg
patients received insulin together with OADs (35%), whilst in
our population patients mostly used insulin alone (32%). This
may be due to some demographic differences in our popula-
tions.

Low concentrations of fasting blood glucose (<6.0 mmol/L)
and/or hypoglycemic episodes (<4.0 mmol/L) were found for
60% of the patients with a record of CBGM (Table 3), which may
indicate overtreatment in these patients, but we do not know
if these patients experienced clinical symptoms of hypoglyce-
mia in these cases. However, as hypoglycemia is often
overlooked in these patients [20,21] and also associated with
an increased risk of cardiovascular events, dementia and
death [22,23], this number is worrying. Furthermore, number

of hypoglycemic episodes may be underestimated in our
study, as only one third of patients receiving regular insulin
have daily CBGM (Table 2). Frequent hypoglycemic episodes
among nursing home patients using insulin have also been
reported in other studies [9,11,34,35]. However, increased
CBGM may not be the solution for all patients to solve the
problem with hypoglycemia. Studies have shown that even
with regular CBGM in these patients, recommended glucose
targets were not met [36] and patients not at risk of
hypoglycemia experienced unnecessary measurements [35].
Furthermore, clinical symptoms that called for unscheduled
CBGM were overlooked [9], and the risk of hypoglycemic
episodes still was a considerable issue [9,35,36]. Shorter
periods, e.g. 24-72 h, with more frequent measurements, or
even continuous glucose monitoring, may give a better
understanding of the patient’s diurnal variation in blood
glucose than regular daily measurements.

Our study also showed that many patients who had
experienced low concentrations of blood glucose also had a
record of hyperglycemic episodes (>11.0 mmol/L). This glu-
cose variability suggests that management of nursing home
patients using insulin is challenging, and that hypoglycemic
episodes might be a problem even with higher levels of HbAlc.
It has been suggested that too much focus on treating a high
HbAlc, rather than individualizing the care for the patient is
the reason for this [21,37]. Guidelines recommend that HbAlc
should be taken at least every six months, regardless of
treatment and even if the patient’s glycemic control is stable
[25,38]. Over 60% of the patients in this study do not meet this
recommendation, possibly compromising initiation and fol-
low-up of treatment. Another worrying finding was that the
medical records of 26 patients receiving blood glucose
lowering drugs lacked information about level of glycemic
control, either in form of a CBGM record, an HbA1lc value, or
both. Patients who receive medical treatment for their
diabetes should receive some sort of measurement to decide
their level of glycemic control, to make sure they receive the
appropriate treatment.

The newer guidelines have advocated less stringent HbAlc
goals (7.0-8.0% (53-64 mmol/mol)) for patients with advanced
age, one or several comorbidities and/or an increased risk of
hypoglycemia [25,26,38,39]. In our study, the levels of HbAlc
were not as low as reported in similar studies [11,12,34],
especially not for patients using insulin. Still, for 46% of the
patients with a record of HbAlc measurement the last 12
months, the last HbAlc value was below the recommended
limit of 7.0% (53 mmol/mol), whilst only a quarter of these
patients were within the recommended interval of 7.0-8.0%
(53-64 mmol/mol) (Fig. 1). Similar numbers were reported by
Jorde and Hagen [27]. Too tight glycemic control in aging
patients has been associated with adverse clinical outcomes
[40,41]. The Action to Control Cardiovascular Risk in Diabetes
(ACCORD) study reported significantly higher frequency of
hypoglycemia requiring assistance, and also a significantly
higher risk of death in patients receiving an intensive drug
regime (mean HbAlc at study end 6.4% (46 mmol/mol))
compared with patients receiving standard therapy (mean
HbAlc at study end 7.5% (58 mmol/mol)) [40]. Currie et al.
showed that HbAlc values in the lower range (<7.5%
(58 mmol/mol)) were significantly associated with an
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increased risk of mortality in patients using insulin, com-
pared to HbAlc values between 7.5% and 9.0% (58 and
75 mmol/mol) [41]. Furthermore, a more intensive glycemic
controlrequires more drugs or more frequent dosing of drugs,
and it also increases the risk of drug-drug or drug-disease
interactions and adverse drug events. Norwegian nursing
homes should to a greater extent adjust their HbAlc
treatment goals according to the new recommendations, as
many of the patients in our study had an HbA1lc in the lower
range. The high number of patients with a record of low blood
glucose concentrations in our study further demonstrates the
importance of less stringent HbAlc treatment goals for these
patients, especially if they have a limited life expectancy and
several comorbidities.

An interesting finding in our study was thatlack of capacity
to consent was significantly associated with not receiving
blood glucose lowering drugs. However, we did not find any
significant differences in receiving CBGM or HbAlc measure-
ments, or average HbAlc results based on decisional capacity.
A lack of decisional capacity is associated with impaired
cognitive function [42], and differences in diabetes manage-
ment due to impaired cognitive function have been reported
[43-45]. However, in contrast to our findings, McNabney et al.
report no difference in choice of oral agents between nursing
home patients with different levels of both functional and
cognitive impairment, and do find lower intensity of both
CBGM and HbAlc measurements [45]. Less frequent HbAlc
measurements for patients with dementia is also reported by
Quinn et al. and Thorpe et al. [43,44]. None of these studies
investigated differences in HbAlcresults. While it is difficult to
point out reasons for these differences, part of the explanation
may be that a recent patient safety campaign in Norway has
focused on minimizing drug treatment in nursing home
patients, especially those with dementia [46]. Restrictions in
both drug therapy and monitoring practices may be beneficial
for patients with cognitive impairment. A recent study
reported worsened cognitive performance for patients using
metformin compared to those who were not [47], suggesting
that excessive drug treatment may do more harm than good.
According to our study, glycemic control of patients without
capacity to consent is as good as that of patients with capacity
to consent, even if they do receive less blood glucose lowering
drugs.

To our knowledge, this is the first descriptive study of
Norwegian nursing home patients with diabetes residing in
long-term care. We included different sized nursing homes
from three counties, located in both urban and rural areas.
This should make the results representative for the general
nursing home population in Norway. Our results also support
findings in similar studies from other European countries,
strengthening the knowledge basis for this population. As we
did not collect information about length of stay, our results of
the HbAlc measurements may be biased. Patients with a stay
less than 12 months may have received HbAlc measurements
that are not documented in the nursinghome medical records.
Transfer of medical information between care levels have
been shown to sometimes be inadequate [48], which also
raises concern about the validity of the treatment foundation.
However, three out of four patients did have atleast one record
of an HbA1lc result the last 12 months, giving a reasonable

estimate of glycemic control in this population. We did not
collect information about duration of diabetes, nutrition/diet,
weight/BMI, other diagnoses, drugs or laboratory values from
these patients, and hence could not investigate how these
aspects may have influenced blood glucose lowering treat-
ment and glycemic control. A more comprehensive diagnosis
and medication review for these patients should be included
in future studies, to gain a better understanding of the medical
challenges and needs for these patients. Future research
should also include a more thorough investigation of glycemic
control in these patients, as well as CBGM and HbAlc
measurement practices in nursing homes, as these aspects
of care are essential for initiation and follow-up of treatment.

In conclusion, the prevalence and blood glucose lowering
treatment of diabetes in Norwegian nursing homes is
comparable to other European countries. Special care seems
to be taken when choosing blood glucose lowering treatment
for patients with cognitive impairment. However, the high
number of insulin treated patients, together with several
recordings of low blood glucose concentrations and low HbA1lc
values suggest that some patients are subject to overtreat-
ment. This may result in lower quality of life and increase the
risk of early death. Newer guidelines recommend less
stringent HbAlc limits for older patients [25,26,38,39] and
Norwegian nursing homes should adjust their treatment
targets for patients with diabetes accordingly. Individual care
planning should also be applied, especially for patients with
high variability in glucose concentrations.

Conflict of interest statement

None

Acknowledgements

This study was financed by the Norwegian Research Council
(Project: 195475). Great thanks to Thomas Rgraas who
helped with statistics. Lastly, many thanks to all the
nursing homes which agreed to participate and which
warmly welcomed us during data collection. You made this
study possible.

REFERENCES

[1] Guariguata L, Whiting DR, Hambleton I, Beagley J,
Linnenkamp U, Shaw JE. Global estimates of diabetes
prevalence in adults for 2013 and projections for 2035 for
the IDF Diabetes Atlas. Diabetes Res Clin Pract
2013;103(2):137-49.
Meneilly G. Pathophysiology of diabetes in the elderly. Clin
Geriatr 2010;18(4):25-8.
Figaro MK, Kritchevsky SB, Resnick HE, Shorr RI, Butler J,
Shintani A, et al. Diabetes, inflammation, and functional
decline in older adults: findings from the Health, Aging and
Body Composition (ABC) study. Diabetes Care
2006;29(9):2039-45.
[4] Xu W, Caracciolo B, Wang HX, Winblad B, Backman L, Qiu
C, et al. Accelerated progression from mild cognitive

[2

[3


http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0005
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0005
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0005
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0005
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0005
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0010
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0010
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0015
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0015
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0015
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0015
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0015
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0020
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0020

108 DIABETES RESEARCH AND CLINICAL PRACTICE I0§5 (2014) I02-109

impairment to dementia in people with diabetes. Diabetes

2010;59(11):2928-35.

Roman de Mettelinge T, Cambier D, Calders P, Van Den

Noortgate N, Delbaere K. Understanding the relationship

between type 2 diabetes mellitus and falls in older adults: a

prospective cohort study. PLoS One 2013;8(6):€67055.

Russell LB, Valiyeva E, Roman SH, Pogach LM, Suh DC,

Safford MM. Hospitalizations, nursing home admissions,

and deaths attributable to diabetes. Diabetes Care

2005;28(7):1611-7.

Bouillet B, Vaillant G, Petit JM, Duclos M, Poussier A,

Brindisi MC, et al. Are elderly patients with diabetes being

overtreated in French long-term-care homes? Diabetes

Metab 2010;36(4):272-7.

Coll-Planas L, Bergmann A, Schwarz P, Guillen-Grima F,

Schulze J. [Quality of care among older adults with diabetes

mellitus: comparison between community-dwelling adults

attended to by home care services and nursing home
residents in Dresden]. Z Arztl Fortbild Qualitatssich
2007;101(9):623-9.

Gill EA, Corwin PA, Mangin DA, Sutherland MG. Diabetes

care in rest homes in Christchurch, New Zealand. Diabet

Med 2006;23(11):1252-6.

[10] Dybicz SB, Thompson S, Molotsky S, Stuart B. Prevalence of
diabetes and the burden of comorbid conditions among
elderly nursing home residents. Am J Geriatr Pharmacother
2011;9(4):212-23.

[11] Sjoblom P, Tengblad A, Lofgren UB, Lannering C, Anderberg
N, Rosengvist U, et al. Can diabetes medication be reduced
in elderly patients? An observational study of diabetes drug
withdrawal in nursing home patients with tight glycaemic
control. Diabetes Res Clin Pract 2008;82(2):197-202.

[12] Basso A, Peruzzi P, Carollo MC, Improta G, Fedeli U.
Assessment of glycemic control among diabetic residents
in nursing homes. Diabetes Res Clin Pract 2012;96(3):e80-3.

[13] Gadsby R, Barker P, Sinclair A. People living with diabetes
resident in nursing homes-assessing levels of disability
and nursing needs. Diabet Med 2011;28(7):778-80.

[14] Ruths S, Straand J, Nygaard HA. Multidisciplinary
medication review in nursing home residents: what are the
most significant drug-related problems? The Bergen
District Nursing Home (BEDNURS) study. Qual Saf Health
Care 2003;12(3):176-80.

[15] Zhang X, Decker FH, Luo H, Geiss LS, Pearson WS, Saaddine
JB, et al. Trends in the prevalence and comorbidities of
diabetes mellitus in nursing home residents in the United
States: 1995-2004. ] Am Geriatr Soc 2010;58(4):724-30.

[16] 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.

[17] Davis TM, Brown SG, Jacobs IG, Bulsara M, Bruce DG, Davis
WA. Determinants of severe hypoglycemia complicating
type 2 diabetes: the Fremantle diabetes study. J Clin
Endocrinol Metab 2010;95(5):2240-7.

[18] Chelliah A, Burge MR. Hypoglycaemia in elderly patients
with diabetes mellitus: causes and strategies for
prevention. Drugs Aging 2004;21(8):511-30.

[19] 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.

[20] Jaap AJ, Jones GC, McCrimmon R], Deary IJ, Frier BM.
Perceived symptoms of hypoglycaemia in elderly type 2
diabetic patients treated with insulin. Diabet Med
1998;15(5):398-401.

[21] Croxson S. Hypoglycaemia, cognition and the older person
with diabetes. Pract Diab Int 2010;27(6):219-20.

[5

6

[7

8

[9

[22] Whitmer RA, Karter AJ, Yaffe K, Quesenberry Jr CP, Selby
JV. Hypoglycemic episodes and risk of dementia in older
patients with type 2 diabetes mellitus. JAMA
2009;301(15):1565-72.

[23] 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 ] Med 2010;363(15):1410-8.

[24] Feldman SM, Rosen R, DeStasio J. Status of diabetes
management in the nursing home setting in 2008: a
retrospective chart review and epidemiology study of
diabetic nursing home residents and nursing home
initiatives in diabetes management. ] Am Med Dir Assoc
2009;10(5):354-60.

[25] Centre for Development of Institutional and Home Care
Services (USHT). [Diabetes in nursing homes. Clinical
procedure]. Bergen: Centre for Development of Institutional
and Home Care Services (USHT), (2012).

[26] Sinclair A, Morley JE, Rodriguez-Manas L, Paolisso G, Bayer
T, Zeyfang A, et al. Diabetes mellitus in older people:
position statement on behalf of the International
Association of Gerontology and Geriatrics (IAGG), the
European Diabetes Working Party for Older People
(EDWPOP), and the International Task Force of Experts in
Diabetes. ] Am Med Dir Assoc 2012;13(6):497-502.

[27] Jorde R, Hagen T. Screening for diabetes using HbAlc in
elderly subjects. Acta Diabetol 2006;43(2):52-6.

[28] WHO Collaborating Centre for Drug Statistics. The
Anatomical Therapeutic Chemical Classification System -
Structure and Principles. (2011) http://www.whocc.no/atc/
structure_and_principles/. Accessed on: 11.02.2013.

[29] Gadsby R, Galloway M, Barker P, Sinclair A. Prescribed
medicines for elderly frail people with diabetes resident in
nursing homes-issues of polypharmacy and medication
costs. Diabet Med 2012;29(1):136-9.

[30] Neumiller JJ, Setter SM. Pharmacologic management of the
older patient with type 2 diabetes mellitus. Am ] Geriatr
Pharmacother 2009;7(6):324-42.

[31] Arzumanyan H, Kant R, Thomas A. Diabetes agents in the
elderly: an update of new therapies and a review of
established treatments. Clin Geriatr 2010;18(6):24-30.

[32] Chang AM, Halter JB, Aging and insulin secretion. Am J
Physiol Endocrinol Metab 2003;284(1):E7-12.

[33] Hackett EA, Thomas SM. Diabetes mellitus. In: Walker R,
Whittlesea C, editors. Clinical Pharmacy and Therapeutics.
London: Elsevier Limited; 2007. p. 642.

[34] Lofgren UB, Rosenqvist U, Lindstrom T, Hallert C, Nystrom
FH. Diabetes control in Swedish community dwelling
elderly: more often tight than poor. J Intern Med
2004;255(1):96-101.

[35] Yarnall AJ, Hayes L, Hawthorne GC, Candlish CA, Aspray TJ.
Diabetes in care homes: current care standards and
residents’ experience. Diabet Med 2012;29(1):132-5.

[36] Holt RM, Schwartz FL, Shubrook JH. Diabetes care in
extended-care facilities: appropriate intensity of care?
Diabetes Care 2007;30(6):1454-8.

[37] McLaren LA, Quinn TJ, McKay GA. Diabetes control in older
people. BMJ 2013;346:2625.

[38] Diabetes UK. Good clinical practice guidelines for care
home residents with diabetes. London: Diabetes UK; 2010.

[39] American Diabetes Association. Standards of medical care
in diabetes—2013. Diabetes Care 2013;36(Suppl. 1):5S11-66.

[40] Action to Control Cardiovascular Risk in Diabetes Study
Group, Gerstein HC, Miller ME, Byington RP, Goff Jr DC,
Bigger JT, et al. Effects of intensive glucose lowering in type
2 diabetes. N Engl ] Med 2008;358(24):2545-59.

[41] Currie CJ, Peters JR, Tynan A, Evans M, Heine R]J, Bracco OL,
et al. Survival as a function of HbA(1c) in people with type 2
diabetes: a retrospective cohort study. Lancet
2010;375(9713):481-9.


http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0020
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0020
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0025
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0025
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0025
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0025
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0030
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0030
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0030
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0030
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0035
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0035
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0035
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0035
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0040
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0045
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0045
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0045
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0050
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0050
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0050
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0050
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0055
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0055
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0055
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0055
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0055
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0060
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0060
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0060
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0065
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0065
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0065
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0070
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0070
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0070
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0070
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0070
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0075
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0075
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0075
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0075
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0080
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0080
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0080
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0080
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0080
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0085
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0085
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0085
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0085
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0090
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0090
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0090
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0095
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0095
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0095
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0095
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0100
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0100
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0100
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0100
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0105
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0105
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0110
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0110
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0110
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0110
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0110
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0115
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0115
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0115
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0120
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0130
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0135
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0135
http://www.whocc.no/atc/structure_and_principles/
http://www.whocc.no/atc/structure_and_principles/
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0145
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0145
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0145
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0145
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0150
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0150
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0150
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0155
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0155
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0155
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0160
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0160
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0165
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0165
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0165
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0165
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0170
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0170
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0170
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0170
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0175
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0175
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0175
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0180
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0180
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0180
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0185
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0185
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0190
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0190
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0195
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0195
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0200
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0200
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0200
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0200
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0200
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0205
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0205
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0205
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0205

DIABETES RESEARCH AND CLINICAL PRACTICE 105 (2014) I02-109 109

[42] Palmer BW, Dunn LB, Appelbaum PS, Mudaliar S, Thal L,
Henry R, et al. Assessment of capacity to consent to research
among older persons with schizophrenia, Alzheimer
disease, or diabetes mellitus: comparison of a 3-item
questionnaire with a comprehensive standardized capacity
instrument. Arch Gen Psychiatry 2005;62(7):726-33.

[43] Quinn CC, Gruber-Baldini AL, Port CL, May C, Stuart B,
Hebel JR, et al. The role of nursing home admission and
dementia status on care for diabetes mellitus. ] Am Geriatr
Soc 2009;57(9):1628-33.

[44] Thorpe CT, Thorpe JM, Kind AJ, Bartels CM, Everett CM,
Smith MA. Receipt of monitoring of diabetes mellitus in
older adults with comorbid dementia. ] Am Geriatr Soc
2012;60(4):644-51.

[45] McNabney MK, Pandya N, Iwuagwu C, Patel M, Katz P,
James V, et al. Differences in diabetes management of

(46]

[47]

(48]

nursing home patients based on functional and
cognitive status. ] Am Med Dir Assoc 2005;6(6):

375-82.

LS. Saunes and U. Krogstad, Target areas for the Norwegian
campaign for patient safety. Report 01-2011. Oslo: The
Norwegian Knowledge Centre for the Health Services (NOKC),
(2011).

Moore EM, Mander AG, Ames D, Kotowicz MA, Carne RP,
Brodaty H, et al. Increased risk of cognitive impairment in
patients with diabetes is associated with metformin.
Diabetes Care 2013;36(10):2981-7.

Midlov P, Bergkvist A, Bondesson A, Eriksson T, Hoglund P.
Medication errors when transferring elderly patients
between primary health care and hospital care. Pharm
World Sci 2005;27(2):116-20.


http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0210
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0215
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0215
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0215
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0215
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0220
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0220
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0220
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0220
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0225
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0225
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0225
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0225
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0225
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0235
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0235
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0235
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0235
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0240
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0240
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0240
http://refhub.elsevier.com/S0168-8227(14)00195-8/sbref0240

	Nursing home patients with diabetes: Prevalence, drug treatment and glycemic control
	Introduction
	Subjects, materials and methods
	Study design and participants
	Statistical analyses

	Results
	Demographics
	Drug regime
	Glycemic control

	Discussion
	Conflict of interest statement
	Acknowledgements
	References


