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Abstract

Background: Glucose-lowering therapy (GLT) should be individualized in older patients with type 2 diabetes (T2D)
according to their health status and their life expectancy. This study aimed at assessing the inappropriateness of
GLT prescribing and the one-year mortality rate in geriatric patients with T2D.

Methods: Retrospective cohort study of consecutive inpatients with T2D admitted to a geriatric ward of a Belgian
university hospital. Inclusion criteria were age = 75 years, T2D with GLT before admission, and HbA1c measurement
during the hospital stay. Comorbidities and geriatric syndromes were collected. GLT agents were classified into
hypoglycaemic and non-hypoglycaemic ones, and their dosages were expressed in daily defined dose (DDD).
Health status (intermediate or poor) and GLT appropriateness (appropriate, overtreatment, undertreatment) were
assessed according to the 2019 Endocrine Society guideline on diabetes treatment in older adults, in which GLT
overtreatment requires the presence of hypoglycaemic therapy. One-year mortality was determined using the
National Registry of vital status, and its associated factors were analysed using multivariable Cox’ regression.

Results: The 318 geriatric patients with T2D (median age 84 years; 46% female) were in intermediate (33%) or poor
health (67%). These two groups reached similar low HbATc values (median 6.9%) with similar GLT regimens. GLT
overtreatment was frequent (57%) irrespectively of the geriatric features. One-year mortality rate was high (38.5%)
and associated in multivariate analysis with poor health status (HR: 1.59, p = 0.033), malnutrition (HR: 1.67, p = 0.006)
and GLT overtreatment (HR: 1.73, p = 0.023). Patients with GLT overtreatment had a higher mortality rate (44.5%).
Conclusions: GLT overtreatment was present in more than half of these geriatric patients. Many of them were in

poor health status and died within one-year. Special attention should be paid to individualisation of the HbAlc
goals in the geriatric patients with diabetes, and to GLT de-intensification in those being over-treated.
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Background

In older people, those with a geriatric profile are among
the frailest, the most dependent and those with the
shortest life expectancy. In this population, type 2 dia-
betes (T2D) is prevalent [1] and the associated glucose-
lowering therapy (GLT) can be complex to manage. The
treatment should be moderate enough to avoid as pos-
sible hypoglycaemic events while remaining intense
enough to control high-level hyperglycaemia related
symptoms. In older patients with geriatric features, i.e.
those with frail profile and complex or poor health sta-
tus, the hypoglycaemic events are indeed particularly
harmful as they increase risk of falls, falls-related frac-
tures, coma, seizures and cognitive impairments as well
as all causes mortality [2]. These geriatric patients are at
higher risk of more frequent and severe hypoglycaemic
events [2-5].

In recent years, Scientific Societies and expert panels
published clinical practice guidelines addressing the
need to individualise GLT in older patients with T2D in
order to nminimize the risk of GLT-associated
hypoglycaemia. They recommended several HbAlc tar-
get ranges according to the patient’s health status
(American Geriatric Society 2013 [6], American Diabetes
Association 2020 [7]), life expectancy (European Associ-
ation for the Study of Diabetes 2015 [8]) or geriatric pro-
file (frailty, dementia: International Diabetes Federation
2013 [9]). In 2019, the Endocrine Society (co-sponsored
by the European Society of Endocrinology, The Geronto-
logical Society of America, and The Obesity Society) re-
leased a clinical practice guideline for the treatment of
diabetes in older people [10]. This guideline helps opera-
tionalising the tailoring of the HbAlc target range based
on the patient’s health status (good, intermediate or
poor) and GLT regimen (presence of a hypoglycaemic
agent or not). In this guideline, HbAlc should not be
lower than 7, 7.5 and 8% in patients on hypoglycaemic
medications with, respectively, good, intermediate and
poor health status. Patients on hypoglycaemic medica-
tions with HbA1lc values lower than these cut-off values
may therefore be considered as over-treated.

The aims of the present study was to assess (a) the
prevalence of GLT inappropriate prescribing in geriatric
patients with type 2 diabetes according to the 2019
Endocrine Society guideline [10] and (b) the one-year
mortality rate and its associated factors.

Methods

Study design and participants’ inclusion

This retrospective study included all consecutive inpa-
tients with type 2 diabetes admitted in a geriatric ward
(24 beds) of an academic hospital (Brussels, Belgium) be-
tween 2008 and 2015. Inclusion criteria were age >75
years, type 2 diabetes, glucose lowering therapy (GLT) at
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home, and HbAlc measurement during the hospital
stay. In patients with multiple hospital stay, only the first
one was considered in this study.

Data collection and definition of variables

Data was extracted from the patient’s medical record
and included general, geriatric and biomedical character-
istics, as well as information about GLT at home. Type 2
diabetes was defined according to the Expert Committee
on the Diagnosis and Classification of Diabetes Mellitus
[11]. Geriatric characteristics included residence in a
long-term nursing facility, chronic functional impair-
ment defined by >2 impairments in 5 of the basic activ-
ities of daily living (i.e. eating, bathing, dressing, toileting
and transferring) [10], malnutrition (diagnosed by a full-
time dietician after taking an anamnesis about patient’s
appetite loss, weight loss, eating habits as their evolution
over time), recent falls (> 2 falls within last year) and
chronic cognitive impairment (dementia or MMSE < 24/
30). Estimated glomerular filtration rate (eGFR) was
computed using MDRD formula [12] based on the cre-
atinine rate at the admission in geriatric ward; eGFR <
30mlLmin~" defined severe renal failure. Glycated
haemoglobin (HbAlc) was expressed in NGSP nomen-
clature (%). GLT agents were encoded according to the
Anatomical Therapeutic Chemical (ATC) classification
system [13]. Hypoglycaemic agents included insulins
(A10A), sulfonylureas (A10BB) and glinides (A10BX02—
03-05-08). Non-hypoglycaemic agents included bigua-
nides (A10BA), GLP1-receptor agonists (A10BJ), DPP4-
inhibitors ~ (A10BH), alpha-glucosidase inhibitors
(A10BF) and thiazolidinediones (A10BG). Doses of each
GLT agent were converted into Defined Daily Dose
(DDD), according to the ATC/DDD Index 2018 [13].
GLT was considered as intense when the dose was >1.0
DDD in this geriatric population. Finally, the patient’s
vital status was collected using the Belgian national
Register one-year after the hospital admission, this time
frame being suited for the study population.

Overall health status

Patient overall health status was classified according to
the 2019 Endocrine Society guideline criteria (comorbid-
ities, functional status, cognitive status and residence)
[10] as good (absence of diabetic comorbidities, < 2 non-
diabetes chronic illnesses, no basic ADL impairments
and <1 instrumental ADL impairment), intermediate (>
3 non-diabetes chronic illnesses, mild cognitive impair-
ment/early dementia or > 2 IADL impairments), or poor
(end-stage medical condition, moderate/severe dementia,
> 2/5 ADL impairments or residence in a long-term
nursing facility).
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Appropriateness of glucose lowering therapy

The 2019 Endocrine Society Guideline [10] defines the
patient’s HbAlc target range based on the overall health
status and the use of hypoglycaemic therapy (i.e. insu-
lins, sulfonylureas or glinides). In the presence of
hypoglycaemic therapy, the HbAlc range has a lower
limit. In patients with good health status, the HbAlc tar-
get range is < 7.5% in the absence of hypoglycaemic ther-
apy and 7.0-7.5% in the presence of hypoglycaemic
therapy. In patients with intermediate health status, the
HbAlc target range is < 8.0% and 7.5-8.0%, respectively,
in the presence and the absence of hypoglycaemic ther-
apy. In patients with poor health status, the HbAlc tar-
get range is < 8.5% and 8.0-8.5% in the presence and the
absence of hypoglycaemic therapy.

Participants were classified into one of three categories
of GLT appropriateness, i.e. appropriate GLT (HbAlc
value in the patient’s target range), GLT undertreatment
(HbAlc value higher than the patient’s target range) and
GLT overtreatment (HbAlc value lower than the pa-
tient’s target range). As target ranges of HbAlc have a
lower bound only for people using hypoglycaemic
agents, GLT overtreatment concerned only patients re-
ceiving hypoglycaemic therapy. Table 1 presented the
different cut-offs used to define the three categories of
GLT appropriateness based on the suggested HbAlc tar-
get ranges.

The terms “appropriate” and “inappropriate” should be
understood as “concordant with the guideline” and
“non-concordant with the guideline” respectively.

Statistical analyses

Continuous data were expressed as median [P25; P75]
and categorical data as number and percentages. Com-
parisons between the three GLT appropriateness cat-
egories were performed using Kruskal-Wallis test for
continuous variables and Pearson’s chi-squared test or
Fisher-Freeman-Halton test for categorical variables.
Factors associated with GLT appropriateness categories
were assessed using a multinomial logistic regression.
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All variables associated with a p-value < 0.2 in univariate
analysis were candidate for the multivariable model and
a stepwise selection using Akaike information criterion
(AIC) was performed to select the final multivariable
model. Multicollinearity was assessed using variance in-
flation factor (VIF), a VIF value > 5 indicating multicolli-
nearity. Factors associated with 1-year mortality were
assessed using a Cox’s Proportional Hazards regression.
The selection of the final multivariable model was per-
formed in the same way as for the multinomial logistic
regression above. Validity conditions were fulfilled, pro-
portional hazards hypothesis was respected and censor-
ing was non-informative. Statistical analyses were
performed using R software (version 3.4.1). A p-value <
0.05 was considered statistically significant.

Ethical consideration

This study was approved by the Institutional Review
Board Committee (Commission d’Ethique Hospitalo-
Facultaire, Cliniques universitaires Saint-Luc, Brussels,

Belgium, IRB agreement nb. IRB00001530 and
IRB00008535).
Results

This study included the 318 consecutive patients with
T2D admitted to the geriatric ward. According to the
2019 Endocrine Society guidelines, the patient’s overall
health was poor (n =213, 67.0%) or intermediate (n =
105, 33.0%), no patient with T2D admitted to the geriat-
ric ward being in good health because of some medical
comorbidities or/and functional dependencies.

Patients’ characteristics

The median age was of 84.0 years, 45.9% of the patients
were female, and 22.3% lived in a long-term nursing fa-
cility (Table 2). Among T2D comorbidities, patients pre-
sented ischaemic heart disease (42.8%) and severe renal
impairment (16.8%). The median number of daily drugs
was 9 (P25-P75: 7-11). Geriatric features were prevalent,
namely functional impairment (63.2%), cognitive

Table 1 Definition of categories of GLT appropriateness (undertreatment, appropriate GLT and overtreatment) according to the

concordance with the 2019 Endocrine Society Guideline [10]

Use of Overall GLT appropriateness category
2;2::&'! caemic ;: i[:? Appropriate GLT Undertreatment Overtreatment
HbA1c level HbA1c level HbA1c level
No Good < 75% 2 7.5% /
Intermediate < 80% > 8.0% /
Poor < 85% 2> 85% /
Yes Good 270and< 7.5% 2 7.5% < 7.0%
Intermediate 275and < 80% 2> 8.0% < 75%
Poor 280 and < 85% 2 8.5% < 8.0%

“Hypoglycaemic agents include insulins, sulfonylureas or glinides; GLT Glucose-lowering therapy
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Table 2 Patient’s and glucose-lowering therapy (GLT) characteristics, according to GLT appropriateness (N =318)
Variable All patients Appropriate GLT GLT Overtreatment GLT Undertreatment p-
n=318 n=79 (24.8%) n=182 (57.2%) n=57 (17.9%) value
Median [P25; P75] or n  Median [P25; P75] or n  Median [P25; P75] or n Median [P25; P75] or n
(%) (%) (%) (%)
Age, in years 84 [80; 88] 84 [80; 87] 84 [81; 88] 83 [80; 87] 0.544
Female 146 (45.9) 34 (43.0) 89 (48.9) 23 (40.4) 0443
Overall health category
Intermediate overall 105 (33.0) 33 (41.8) 52 (28.6) 20 (35.1) 0.107
health
Poor overall health 213 (67.0) 46 (58.2) 130 (714) 37 (64.9)
Comorbidities
Ischaemic heart disease 136 (42.8) 29 (36.7) 77 (42.3) 30 (52.6) 0.177
Renal failure (n=303)° 51 (16.8) 6 (7.9 36 (21.1) 9 (16.1) 0.038
Geriatric features
Nursing home residency 71 (22.3) 18 (22.8) 45 (24.7) 8 (14.0) 0.238
Functional impairment 5 201 (632) 44 (56.7) 123 (67.6) 34 (59.6) 0.155
Severe polypharmacy © 139 (43.7) 33 (48.8) 82 (45.1) 24 (42.1) 0.855
Cognitive impairment 183 (57.5) 46 (58.2) 106 (58.2) 33 (57.9) 0.999
Recent falls 169 (53.1) 43 (54.4) 93 (51.1) 33 (579 0.646
Malnutrition 96 (30.2) 28 (354) 52 (28.6) 16 (28.1) 0.501
GLT characteristics
HbA1c, in % 6.9 [6.1;7.8] 6.8 [6.1;7.6] 6.7 [6.1;7.2] 9.2 [86; 10.1] <
0.001
Use of GLT classes
Metformin 131 (41.2) 66 (83.5) 46 (25.3) 19 (33.3) <
0.001
Other NHGA? 9(28) 56.3) 3(1.6) 1(1.8) 0.101
Hypoglycaemic 253 (79.6) 20 (25.3) 182 (100.0) 51 (89.5) <
agents 0.001
Bi- or tri-therapy 78 (24.5) 12 (15.2) 49 (26.9) 17 (29.8) 0.076
GLT total intensity, in 09 [0.5; 14] 0.8 [04; 1.0] 0.8 [0.5; 1.3] 1.2 [0.8; 2.0] 0.014
DDD
0-04 DDD 73 (23.0) 27 (34.2) 40 (22.0) 6 (10.5)
0.5-0.9 DDD 103 (324) 29 (36.7) 58 (31.9) 16 (28.1) 0.002
21 DDD 142 (44.7) 23 (29.1) 84 (46.2) 35(614)

GLT Glucose-lowering therapy, HbA1c Glycated haemoglobin, DDD Defined daily dose, NHGA Non-hypoglycaemic agents; Hypoglycaemic agents include insulin,

sulfonylureas and glinides
?defined as estimated glomerular filtration rate < 30 ml/min

Pdefined as >2 impairments in basic activities of daily living, including eating, bathing, toileting, transferring and dressing

‘defined as >10 drugs/day

@Other non-hypoglycaemic agents were DPP4-inhibitors, thiazolidinediones and alpha-glucosidase inhibitors

impairment (57.5%), recent falls (53.1%), severe poly-
pharmacy (48.8%) and malnutrition (30.2%) (Table 2).
Patients in poor health (n =213, 67.0%) did not differ
from those in intermediate health (7 =105, 33.0%) in
age, sex, number of comorbidities or daily drugs, neither
in features of glucose lowering therapy (GLT), i.e. use of
hypoglycaemic agents (81.7% vs. 75.2%; p = 0.180), use of
metformin (38.5% vs. 46.7%; p = 0.164), and overall GLT
DDD (0.85 vs. 0.81 DDD; p = 0.316).

Appropriateness of glucose-lowering therapy

Table 2 compares the patients with appropriate GLT
(24.8%), GLT overtreatment (57.2%) and GLT under-
treatment (17.9%). These three groups did not statisti-
cally differ in socio-demographic characteristics,
global health status, prevalence of ischemic heart dis-
ease and of geriatric features. Renal failure (eGFR <
30 ml/min) was more present in patients with GLT
overtreatment (21.1%) than in patients with GLT
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undertreatment (16.1%) or appropriate GLT (7.9%)
(Table 2; p =0.038).

The three categories of GLT appropriateness differed
in HbAlc values, GLT classes and GLT intensity (DDD)
(Table 2). Patients with appropriate GLT (n=79)
showed a median HbA1c of 6.9%, obtained with a simple
GLT regimen (metformin 83.5%; monotherapy 84.8%).
They were infrequently on hypoglycaemic agents (25.3%)
or on GLT > 1.0 DDD (29.1%). Patients with GLT under-
treatment (# = 57) had median HbA1c value of 9.2% des-
pite the frequent prescribing of hypoglycaemic agents
(89%) and of intense GLT (DDD >1.0: 61.4%). Patients
with GLT overtreatment (n=182) were prescribed a
more intense GLT regimen than those with appropriate
GLT, with a lower use of metformin use (25.3 vs. 83.5%,
p<0.001) and a high use of intense GLT (DDD = 1.0:
46.2 vs. 29.1%, p=0.015). In the logistic regression
model comparing GLT overtreatment to appropriate
GLT (Additional file 1), GLT overtreatment was associ-
ated with severe renal failure (OR [95%CI] = 3.49 [1.38;
8.81]), poor health status (OR 1.96 [1.10; 3.51]) and GLT
bi- or tri-therapy (OR 2.41 [1.18; 4.94]).

Factors associated with one-year mortality

At one year, more than one-third of these geriatric pa-
tients with T2D had died (38.5%; n = 121/314, 4 missing
values). As expected, the one-year mortality rate was
higher in patients with poor health status (43.9%) than
in those with intermediate health status (27.5%) (Fig. 1a,
Logrank test p = 0.006). The one-year mortality rate also
differed in patients with appropriate GLT (28.6%), GLT
undertreatment (32.7%) and GLT overtreatment (44.5%)
(Fig. 1b, Logrank test p=0.027). In the multivariable
model (Table 3), one-year mortality was not associated
with older age, was lower in patients with recent falls
(HR: 0.63, p=0.013) and was higher in patients with
poor health status (HR: 1.59, p =0.033), malnutrition
(HR: 1.67; p =0.006) and GLT overtreatment (vs. appro-
priate GLT; HR: 1.73, p = 0.023). Finally, it was not asso-
ciated with GLT-undertreatment.

Discussion

In this study of older old patients admitted to a geriatric
ward, GLT at home was appropriately prescribed in only
1 in 4 patients. GLT appropriateness was not associated
with any patient’s characteristic but with GLT prescrib-
ing, i.e. lower use of hypoglycaemic agents (i.e. insulins,
sulfonylureas or glinides) and of intense dose. GLT
undertreatment concerned 1 in 6 geriatric patients, in
whom HbAlc was too high despite high dose of GLT.
GLT overtreatment, ie. patients prescribed with
hypoglycaemic agents with a HbAlc value below the tar-
get range, was detected in 1 in 2 patients. GLT over-
treatment was associated with poor health status, severe
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renal failure and use of bi-or tri-therapy of GLT. Import-
antly, one-year mortality was higher in patients with
GLT overtreatment (44%) than those with appropriate
GLT, independently of the patient’s health status and of
the age of the patient.

GLT overtreatment, which potentially leads to
hypoglycaemia [14, 15] and thus to associated comorbid-
ities and mortality [2], was surprisingly not less frequent
in patients with geriatric syndromes or poor health sta-
tus than others. This finding highlights in this popula-
tion a clear lack of individualisation of GLT according to
these characteristics. This is even more surprising since
older patients with geriatric features or/and in poor
health status are at higher risk of more frequent and se-
vere hypoglycaemic events, due to frequent misdiag-
noses, unawareness and atypical presentations [2]. In
our study, GLT overtreatment was more frequent in pa-
tients with severe renal failure (eGFR< 30 ml/min), most
of whom (n=47/51; 92.2%) received at least one
hypoglycaemic agent (i.e. insulins, sulfonylureas or gli-
nides). One potential explanation is the contra-
indication of metformin in patients with severe renal
failure. In addition to the fact that some hypoglycaemic
agents can accumulate in case of severe renal failure
(e.g. sulfonylureas [16]), other non-hypoglycaemic GLT
agents are preferable, such as DPP4-inhibitors, the safety
of which (with adjusted doses for some) has been stud-
ied in case of severe renal impairment even in older pa-
tients [10, 17].

Patients with GLT undertreatment might benefit from
GLT intensification in order to avoid discomfort of
hyperglycaemia-related symptoms. Beyond the value of
HbAlc, the decision to intensify the treatment should be
taken with caution. Indeed, hypoglycaemic events can
also occur despite high HbAlc values in patients receiv-
ing intensive hypoglycaemic therapy [18]. Therefore, in
the geriatric patients with a HbAlc over the target level,
GLT intensification should be achieved on a case-by-
case basis, considering a risk-benefit balance between
the discomfort of hyperglycaemia and the risk of
hypoglycaemic events. Furthermore, considering that the
very old and frail population of this study received highly
conservative GLT agents (largely composed by metfor-
min and hypoglycaemic agents), non-hypoglycaemic
agents other than metformin could be an interesting op-
tion, if further intensification of the treatment is deemed
necessary.

The one-year mortality rate was high in these patients
(38.5%). In the multivariate model, one-year mortality
was higher in the presence of poor health status, low
weight and GLT overtreatment, but lower in the pres-
ence of multiple falls. The latter association might be ex-
plained by the fact that the very dependent geriatric
patients do not walk anymore. Falls might indicate a
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Fig. 1 One-year survival of geriatric patients with T2D according to (a) Health status and (b) GLT-appropriateness. Kaplan-Meier survival curves at
1 year of geriatric patients with type 2 diabetes according to (a) their overall health status (Intermediate or Poor) and (b) their category of GLT

Undertreatment 55 50 46 44 43 42 40

110 106 104 101 101

somewhat preserved functional status. The association
between one-year mortality and GLT overtreatment is
important to discuss. This observation does not mean
that GLT overtreatment increases mortality in geriatric
patients, as it has been demonstrated in other studies in-
volving younger old and healthier patients [19-21]. In-
deed, the observational design of our study does not
allow any causal conclusion. Frailty and severe renal fail-
ure might be confounding factors, as they are associated
to both GLT overtreatment and mortality. However, the
observed association between one-year mortality and
GLT overtreatment highlights the pointlessness and the
risk of intense GLT in geriatric patients with poor health
status with a poor one-year life expectancy. It is indeed
useless to prescribe an intense GLT therapy with the
aim to avoid long-term T2D complications in patients

with a short life expectancy, especially since such a ther-
apy induces hypoglycaemic events.

This study was limited by its retrospective design. The
duration of diabetes is not known. Data related to the
GLT prescribers (e.g. motivations for initiating/continu-
ing this treatment, knowledge about the guidelines on
diabetes in older adults) could not be collected. The as-
sociation of GLT appropriateness with other outcomes
that matter to the geriatric patients, i.e. impaired quality
of life, hypoglycaemic episodes, functional decline,
should be studied in the future. This study was finally
limited by its single-centre inclusion, which, despite the
risk of selection bias, is to be put into perspective given
the continuous inclusion of patients over a long period
of time during which several different medical teams
succeeded one another.
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Table 3 Factors associated with one-year mortality in Cox Proportional Hazards regression (N =314)
Variables Univariate model Multivariable model
HR [95% Cl] p-value HR [95% Cl] p-value
Socio-demographic characteristics
Category of ages
Age < 80 years 1.00
Age 80-84 years 0.89 [0.53; 1.50] 0.660
Age 85-89 years 1.04 [0.62; 1.76] 0.879
Age 2 90 years 141 [0.80; 2.49] 0.234
Sex (male vs. female) 1.26 [0.88; 1.80] 0.207
Health status, comorbidities and geriatric characteristics
Health status (poor vs. intermediate) 1.80 [1.18; 2.74] 0.007 1.59 [1.04; 2.43] 0.033
Ischaemic heart disease 144 [1.01; 2.06] 0.045 1.39 [0.97; 1.98] 0.074
Nursing home residency 1.67 [1.13; 2.48] 0.010
Malnutrition 1.65 [1.15; 2.38] 0.007 1.67 [1.16; 2.42] 0.006
Recent falls 0.64 [045; 0.92] 0.015 063 [044; 0.91] 0.013
Functional impairment® 1.65 [1.11; 2.46] 0014
Polypharmacy
Absent (0-4 drugs/day) 1.00
Moderate (5-9 drugs/day) 2.08 [0.83; 5.19] 0.117
Major (= 10 drugs/day) 241 [0.97; 6.01] 0.059
GLT characteristics
Appropriateness
Present 1.00 1.00
Undertreatment 1.22 [0.65; 2.27] 0.534 1.22 [0.65; 2.28] 0.542
Overtreatment 1.80 [1.12; 2.89] 0.015 1.73 [1.08; 2.79] 0.023
Category of HbAlc
HbA1c < 6.5% 1.82 [1.02; 3.22] 0.042
HbA1c 6.5-7.4% 1.05 [0.58; 1.92] 0.866
HbA1c 7.5-84% 1.00
HbA1c =2 85% 1.16 [0.58; 2.33] 0672
Use of hypoglycaemic agents 1.71 [1.03; 2.86] 0.040
Use of metformin 0.62 [0.42; 0.91] 0.015

HR Hazard Ratio, Cl Confidence interval, GLT Glucose-lowering therapy

?Functional impairment was defined as >2/5 impairments in basic activities of daily living (eating, bathing, dressing, toileting and transferring)

A strengths of this study is the focus on geriatric pa-
tients with type 2 diabetes >75years in the setting of a
geriatric ward of a university hospital. Geriatric patients
are the most dependent with the most unfavourable
health status among older patients (e.g. no patients in
this study was in good health status). Therefore, these
data cannot be generalised to the general older popula-
tion > 75 years. However, these data are important for
patients from this particular setting, especially as these
patients are not commonly represented in the scientific
literature on the treatment of type 2 diabetes. Other
strengths were the collection of data on the main geriat-
ric syndromes, the tailoring of HbAlc targets according

to the 2019 Endocrine Society guideline, and the analysis
of the residual life expectancy (vital status at 1 year).
This study confirms the need for an improvement in
GLT prescribing in the geriatric patients with T2D. Sev-
eral actions should be considered. Firstly, the prescribing
physician should individualise the HbAlc targets in each
older patient based on the health status and the use of
hypoglycaemic therapy (i.e. insulins, sulfonylureas or gli-
nides), as suggested by the Endocrine Society. As
pointed by most of the recent clinical guidelines on
older adults with diabetes, the tailoring of HbAlc is the
most effective way to reduce inappropriate therapy and
the ensuing risk of hypoglycaemia [10, 22-24]. It is
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acknowledged that the implementation of guidelines
takes time. However, the results of this study highlight
the existence and relevance of guidelines related to the
individualised management of glucose-lowering therapy,
in particular the 2019 Endocrine Society guideline, and
to wuse patients’ health status and the use of
hypoglycaemic agents to individualise GLT according
the patient’s target HbAlc level. Secondly, the patients
should be involved in the decision making process as
much as possible [10]. Finally, in the numerous geriatric
patients with GLT overtreatment, de-intensification of
hypoglycaemic agents (i.e. stopping the medication, re-
ducing the dose or switching to another and safer drug)
should be performed especially in patients with a poor
overall health status (with frail profile, dementia, cogni-
tive impairment) [25]. Actually, life expectancy of these
patients is reduced and the benefit of intensive glucose
lowering therapy is therefore absent. Interventional stud-
ies are deeply needed to clarify the modalities of GLT
de-intensification in older people with type 2 diabetes.

Conclusions

Inappropriateness of GLT prescribing (i.e. non-
concordance with the guideline) was very frequent in
these geriatric patients with type 2 diabetes, mainly due
to too low HbAlc value with hypoglycaemic agents, i.e.
GLT overtreatment. One year-mortality was high and
associated with poor health status, low body weight and
GLT overtreatment. As the majority of such geriatric pa-
tients with diabetes are in poor health and overtreated
with GLT, a GLT reassessment should be carried out, in
order to improve the appropriateness of GLT prescrib-
ing in the geriatric patients with type 2 diabetes.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/512877-020-01780-9.

Additional file 1 Factors associated with Overtreatment and
Undertreatment of GLT (vs. Appropriate-GLT) in multivariable multinomial
logistic regression analysis (n = 303)

Abbreviations

ADL: Activities of daily living; AIC: Akaike information criteria;

ATC: Anatomical Therapeutic Chemical; Cl: Confidence interval; DDD: Defined
daily dose; GLT: Glucose-lowering therapy; HbA1c: Glycated haemoglobin;
HR: Hazard ratio; IADL: Instrumental activities of daily living; MMSE: Mini-
mental state examination; T2D: Type 2 diabetes

Acknowledgments

The authors would like to thank all study participants, as well as. Mohammed
Cherif (medical student) for his participation in the data collection during his
medical master thesis.

Authors’ contributions

MG led the data collection. AC abstracted the data. AC, BB and SH
performed the analyses and interpreted the data. AC wrote the draft of the
manuscript, and SH, BB, OD and MG reviewed the manuscript. All authors
read and approved the final manuscript.

Page 8 of 9

Funding

This study was supported by a Research Fellow grant (A.C.) from the Fund
for Scientific Research — FNRS (Belgium). The funding body (Fund for
Scientific Research — FNRS) played no part in the design of the study and
collection, analysis, interpretation of data or in writing the manuscript.

Availability of data and materials

The datasets generated and/or analysed during the current study are not
publicly available due to restrictions on patients” anonymity but are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate

This retrospective study was approved by the local Ethics Committee
(Commission d'Ethique Hospitalo-Facultaire, Cliniques universitaires Saint-Luc,
Brussels, Belgium; ref. IRBO0001530 and IRB0000853). No administrative per-
mission and/or license were required to access the data.

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to report.

Author details

"Fund for Scientific Research — FNRS, Brussels, Belgium. Clinical Pharmacy
Research Group, Louvain Drug Research Institute (LDRI), Université catholique
de Louvain, Brussels, Belgium. ’Institute of Health and Society (IRSS),
Université catholique de Louvain, 30, Clos Chapelle-Aux-Champs bte
B1.30.15, 1200 Brussels, Belgium. “Geriatric Medicine Unit, Cliniques
Universitaires Saint-Luc, Université catholique de Louvain, Brussels, Belgium.
*Pharmacy Department, Cliniques Universitaires Saint-Luc, Université
Catholique de Louvain, Brussels, Belgium.

Received: 10 August 2020 Accepted: 20 September 2020
Published online: 24 September 2020

References

1. Ferrer A, Padros G, Formiga F, Rojas-Farreras S, Perez JM, Pujol R. Diabetes
mellitus: prevalence and effect of morbidities in the oldest old. The
Octabaix study. J Am Geriatr Soc. 2012,60(3):462-7.

2. 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.

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. Yaffe K, Falvey CM, Hamilton N, Harris TB, Simonsick EM, Strotmeyer ES,
Shorr RI, Metti A, Schwartz AV, Health ABCS. Association between
hypoglycemia and dementia in a biracial cohort of older adults with
diabetes mellitus. JAMA Intern Med. 2013;173(14):1300-6.

Zoungas S, Patel A, Chalmers J, de Galan BE, Li Q, Billot L, Woodward M,
Ninomiya T, Neal B, MacMahon S, et al. Severe hypoglycemia and risks of
vascular events and death. N Engl J Med. 2010;363(15):1410-8.

6. American Geriatrics Society Expert Panel on Care of Older Adults with
Diabetes M, Moreno G, Mangione CM, Kimbro L, Vaisberg E. Guidelines
abstracted from the American Geriatrics Society Guidelines for Improving
the Care of Older Adults with Diabetes Mellitus: 2013 update. J Am Geriatr
Soc. 2013,61(11):2020-6.

7. American Diabetes A. 12. Older adults: standards of medical Care in
Diabetes-2020. Diabetes Care. 2020;43(Suppl 1):5152-62.

8. Inzucchi SE, Bergenstal RM, Buse JB, Diamant M, Ferrannini E, Nauck M,
Peters AL, Tsapas A, Wender R, Matthews DR. Management of
hyperglycaemia in type 2 diabetes, 2015: a patient-centred approach.
Update to a position statement of the American Diabetes Association and
the European Association for the Study of Diabetes. Diabetologia. 2015;
58(3):429-42.

9. 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.

10. LeRoith D, Biessels GJ, Braithwaite SS, Casanueva FF, Draznin B, Halter JB,
Hirsch 1B, McDonnell ME, Molitch ME, Murad MH, et al. Treatment of


https://doi.org/10.1186/s12877-020-01780-9
https://doi.org/10.1186/s12877-020-01780-9

Christiaens et al. BMC Geriatrics

20.

21,

22.

23.

24.

25.

(2020) 20:367

Diabetes in older adults: an Endocrine Society* clinical practice guideline. J
Clin Endocrinol Metab. 2019;104(5):1520-74.

American Diabetes A. 2. Classification and diagnosis of Diabetes: standards
of medical Care in Diabetes-2019. Diabetes Care. 2019;42(Suppl 1):513-28.
Klahr S, Levey AS, Beck GJ, Caggiula AW, Hunsicker L, Kusek JW, Striker G.
The effects of dietary protein restriction and blood-pressure control on the
progression of chronic renal disease. Modification of diet in renal disease
study group. N Engl J Med. 1994;330(13):877-84.

WHO Collaborating Centre for Drug Statistics Methodology, Guidelines for
ATC classification and DDD assignment 2018. Oslo; 2017.

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.

Shorr RI, Ray WA, Daugherty JR, Griffin MR. Incidence and risk factors for
serious hypoglycemia in older persons using insulin or sulfonylureas. Arch
Intern Med. 1997;157(15):1681-6.

Scheen AJ. Pharmacokinetic considerations for the treatment of diabetes in
patients with chronic kidney disease. Expert Opin Drug Metab Toxicol. 2013;
9(5):529-50.

Giorda CB, Nada E, Tartaglino B. Pharmacokinetics, safety, and efficacy of
DPP-4 inhibitors and GLP-1 receptor agonists in patients with type 2
diabetes mellitus and renal or hepatic impairment. A systematic review of
the literature. Endocrine. 2014;46(3):406-19.

Munshi MN, Segal AR, Suhl E, Staum E, Desrochers L, Sternthal A, Giusti J,
McCartney R, Lee Y, Bonsignore P, et al. Frequent hypoglycemia among
elderly patients with poor glycemic control. Arch Intern Med. 2011;171(4):
362-4.

Ray KK, Seshasai SR, Wijesuriya S, Sivakumaran R, Nethercott S, Preiss D,
Erqou S, Sattar N. Effect of intensive control of glucose on cardiovascular
outcomes and death in patients with diabetes mellitus: a meta-analysis of
randomised controlled trials. Lancet. 2009;373(9677):1765-72.

Bonds DE, Miller ME, Bergenstal RM, Buse JB, Byington RP, Cutler JA, Dudl
RJ, Ismail-Beigi F, Kimel AR, Hoogwerf B, et al. The association between
symptomatic, severe hypoglycaemia and mortality in type 2 diabetes:
retrospective epidemiological analysis of the ACCORD study. BMJ. 2010;340:
b4909.

Action to Control Cardiovascular Risk in Diabetes Study G, Gerstein HC,
Miller ME, Byington RP, Goff DC Jr, Bigger JT, Buse JB, Cushman WC, Genuth
S, Ismail-Beigi F, et al. Effects of intensive glucose lowering in type 2
diabetes. N Engl J Med. 2008;358(24):2545-59.

Raz I, Riddle MC, Rosenstock J, Buse JB, Inzucchi SE, Home PD, Del Prato S,
Ferrannini E, Chan JC, Leiter LA, et al. Personalized management of
hyperglycemia in type 2 diabetes: reflections from a Diabetes care Editors’
expert forum. Diabetes Care. 2013;36(6):1779-88.

American Diabetes A. 12. Older adults: standards of medical Care in
Diabetes-2019. Diabetes Care. 2019;42(Suppl 1):5139-47.

Kirkman MS, Briscoe VJ, Clark N, Florez H, Haas LB, Halter JB, Huang ES,
Korytkowski MT, Munshi MN, Odegard PS, et al. Diabetes in older adults.
Diabetes Care. 2012;35(12):2650-64.

Farrell B, Black C, Thompson W, McCarthy L, Rojas-Fernandez C, Lochnan H,
Shamiji S, Upshur R, Bouchard M, Welch V. Deprescribing antihyperglycemic
agents in older persons: evidence-based clinical practice guideline. Can Fam
Physician. 2017,63(11):832-43.

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

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study design and participants’ inclusion
	Data collection and definition of variables
	Overall health status
	Appropriateness of glucose lowering therapy
	Statistical analyses
	Ethical consideration

	Results
	Patients’ characteristics
	Appropriateness of glucose-lowering therapy
	Factors associated with one-year mortality

	Discussion
	Conclusions
	Supplementary information
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

