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ABSTRACT

Introduction: Targeting better glycated hemo-
globin (HbA1c) and blood pressure (BP) goals
may endanger older adults with type 2 diabetes
mellitus (T2DM). Overtreatment of T2DM and
hypertension is a trending issue, although
undertreatment is still common. We investi-
gated the rates and predictors of overtreatment
and undertreatment of glycemia and BP in older

adults with T2DM and physicians’ attitudes to
deintensify or intensify treatment.
Methods: Data from older adults (C 65 years)
enrolled in a large nationwide T2DM survey in
2017 across Turkeywere analyzed.Overtreatment
of glycemiawas defined asHbA1c\6.5%plus the
use ofC 2 oral antihyperglycemics or insulin, and
BP overtreatment was defined as systolic BP
(SBP)\120 mmHg or diastolic BP (DBP)
\65 mmHg plus the use of C 2 drugs.
Undertreatment of glycemia was defined as
HbA1c[9%, andBPundertreatmentwasdefined
as SBP[150 mmHg or DBP[90 mmHg. Dein-
tensification or intensification rates were calcu-
lated according to treatment modification
initiated by the treating physician(s).
Results: The rate of overtreatment in the gly-
cemia group (n = 1264) was 9.8% (n = 124) and
that in the BP group (n = 1052) was 7.3%
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(n = 77), whereas the rate of undertreatment
was 14.2% (n = 180) and 15.2% (n = 160),
respectively. In the adjusted model, use of oral
secretagogues (sulfonylureas or glinides) (odds
ratio [OR] 1.94, 95% confidence interval [CI]
1.2–3.1) and follow-up at a private clinic (OR
1.81, 95% CI 1.0–3.3) were predictors of glyce-
mia overtreatment. BP overtreatment was
independently associated with the use insulin-
based diabetes therapies (OR 1.86, 95% CI
1.14–3.04). There was no independent associa-
tion of BP undertreatment to the study con-
founders. The deintensification and
intensification rates were 25 and 75.6%,
respectively, for glycemia and 10.9 and 9.2%,
respectively, for BP.
Conclusions: The results show that one in ten
older adults with T2DM are overtreated while
one in four require modification of their current
antihyperglycemic and antihypertensive treat-
ments. Physicians are eager to intensify medi-
cations while they largely ignore
deintensification in diabetes management.
These results warrant enforced measures to
improve the care of older adults with T2DM.
Trial Registration: ClinicalTrials.gov identifier,
NCT 03455101.

PLAIN LANGUAGE SUMMARY

Type 2 diabetes mellitus (T2DM) is prevalent in
the elderly population. Strict glycemia and
blood pressure (BP) targets do not improve
outcomes but they may increase the rate of
adverse events in these patients. Consequently,
overtreatment has been an emerging issue in
recent years. The overall magnitude of the
problem is largely unknown. Therefore, we
assessed the rates and predictors of overtreat-
ment and undertreatment of blood glucose and
BP in Turkish older adults with T2DM. We also
investigated physicians’ reactions to treatment
modulation in the overtreated or undertreated
patients. Patients participating in the study
were: older adults (n = 1264) with T2DM from a
cross-sectional, nationwide, multicenter study
who followed-up at the same unit during the
past 12 months and who did not have decom-
pensated liver disease, psychiatric disorders
interfering with cognition or compliance, bar-
iatric surgery in the past 12 months or renal
replacement therapy. We found that:

• One of ten older adults with T2DM were
overtreated for glycemia.

• One in four older adults with T2DM required
modification of antihyperglycemic treat-
ment with inclusion of the number of
insufficiently treated individuals.

• One in four older adults with T2DM required
modification of antihypertensive treatment.

• Physicians are much more inclined to inten-
sify antihyperglycemia medications, while
they largely ignore the need for deintensifi-
cation in the overtreated patients.

• Physicians did not modify antihypertensive
treatments in about 90% of patients with
uncontrolled BP.

• Patients who were treated by oral secreta-
gogues and followed in private clinics were
most prone to glycemia overtreatment.

• Patients who were treated by insulin-based
regiments were prone to BP overtreatment.
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These results suggest that measures should be
taken to improve physician awareness of drug
modification in older patients with T2DM.

Keywords: Arterial blood pressure; Glycemia;
Older adults; Overtreatment; Type 2 diabetes;
Undertreatment

Key Summary Points

Why carry out this study?

Overtreatment of glycemia and blood
pressure (BP) is a critical issue but one that
is often overlooked in older adults with
type 2 diabetes mellitus (T2DM).

We determined the frequency of
overtreatment and undertreatment of
glycemia and blood pressure (BP) in a
nationwide population of older adults.

The attitudes of physicians to treatment
modulation in these patients were also
investigated.

What was learned from the study?

One in every four older adults with T2DM
needs treatment modulation for BP or
glycemia regulation.

Although not more frequent than
undertreatment, overtreatment of
glycemia is a common occurrence, noted
in one in every ten older adults.

Physicians are eager to intensify
medications while they largely ignore
deintensification in diabetes
management.

It is critical to target the optimal, not
lower, levels of glycemic and BP in the
management of older adults with T2DM.

INTRODUCTION

Diabetes mellitus is one of the most common
chronic diseases worldwide, leading to serious
public health problems and a significant eco-
nomic burden [1, 2]. The prevalence of diabetes
mellitus is higher among the elderly population
and is expected to further increase in the future
due to the increasing life expectancy [3]. The
framework of diabetes management is well
drawn in adults, yet the situation in elderly
patients is somewhat different [4]. Older
patients who have multiple comorbidities, lim-
ited life expectancy, and increased risk of
hypoglycemia may derive less benefits from
stringent glycemic control and lower blood
pressure (BP) goals [5]. In these patients, the risk
of adverse events likely exceeds some of the
benefits of standard care that are achieved in
younger individuals with diabetes.

Landmark studies have shown that tight gly-
cemic and BP control are not only ineffective in
improving outcomes but also associated with
more adverse events in older patients with type 2
diabetes mellitus (T2DM) [6–9]. Thus, the most
recent guidelines have included specific sections
for the management of T2DM in older adults in
which looser glycated hemoglobin (HbA1c) goals
are recommended. The American Diabetes
Association (ADA), European Association for the
Study of Diabetes (EASD), and the Turkish Soci-
ety of Endocrinology and Metabolism (TEMD)
have all recommended personalized HbA1c tar-
gets of between 6.5 and 8.5% according to age,
additional comorbidities, and life expectancy
[10–12]. The American Geriatrics Society (AGS)
has also indicated that medications other than
metformin should be avoided when an older
patient’s HbA1c is\6.5% [13], primarily due to
the decreased potential of benefits and increased
risk of morbidity and mortality related to the
side effects of such medications [13–15]. Similar
to its recommendations for glycemia manage-
ment, the ADA has established personalized BP
targets in patients with diabetes mellitus that
recommend lower goals in older individuals [16].
The Turkish Hypertension Consensus Report
defines the BP targets in older adults with dia-
betes mellitus as 130–140/70–80 mmHg [17].
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Following these updates, overtreatment of
T2DM has become an emerging issue, leading to
the publication of new findings from several
countries. Although the proportion of patients
with excessively low HbA1c or BP level does not
appear to be critical, such overtreated patients
are multimorbid, suggesting that the problem
may have serious consequences for the health
status of older adults. As in many other coun-
tries, the magnitude of the problem in Turkish
patients is largely unknown [18]. Therefore, our
aim in this study was to assess the rates and
predictors of overtreatment and undertreat-
ment of blood glucose and BP in older adults
with T2DM. We also investigated physicians’
reactions to treatment modulation in the over-
treated or undertreated patients.

METHODS

Study Design

Patients aged C 65 years from the Turkish
Nationwide Survey of Glycemic and Other
Metabolic Parameters of Patients with Diabetes
Mellitus (TEMD) study [19] were enrolled in the
present study. The TEMD study was a cross-
sectional, nationwide, multicenter survey
involving 68 tertiary endocrine units from 37
cities throughout Turkey. Data were collected
between 1 April and 30 June 2017, and the
patients were allocated according to the 12
NUTs (Nomenclature of Territorial Units for
Statistics regions; EU designation) of the
country.

The study was conducted in accordance
with the Helsinki Declaration of 1964, as revised
in 2013. The local (University of Health Sci-
ences, Kecioren Training and Research Hospital
Ethical Committee: no. 131309) and central
(Republic of Turkey, Ministry of Health, Phar-
maceuticals and Medical Devices Agency:
no. 14-MAR-2017/93189304-514.11.01-E.58933)
ethics committees approved the study protocol,
and participants provided informed consent to
participate. This study is registered at Clini-
calTrials.gov (NCT 03455101).

Study Population

Outpatients with a previous diagnosis of T2DM
who were having a regular control evaluation
were enrolled in the study. The study protocol
required that all participants had been fol-
lowed-up at the same unit during the past
12 months. Exclusion criteria were decompen-
sated liver disease, psychiatric disorders inter-
fering with cognition or compliance, bariatric
surgery in the past 12 months, and having
received/receiving renal replacement therapy.

Data Collection

Data were collected from physicians using a
questionnaire, which was administered in face-
to-face interviews. The questionnaire included
demographic information, length of diabetes
mellitus, smoking, number of HbA1c measure-
ments annually, type of diabetes care center
(state hospital or private), personal diabetes
management (diet and exercise), medications,
macrovascular complications, microvascular
complications, comorbid diseases, and the fre-
quency of hypoglycemic episodes.

Height and weight of the patients were
measured with the patients in their underwear
according to a standard protocol. Body mass
index (BMI) was computed as the ratio of
weight to the square of height (kg/m2). Arterial
BP was measured using an automatic BP moni-
tor (Omron M2 HEM-7121-E; Omron Corp.,
Kyoto, Japan) with the patient in the sitting
position after at least 5 min of rest; three con-
secutive measurements were made on the same
arm, and the mean was recorded. Home BP was
measured twice daily for 1 week, and the mean
of these measurements was recorded at the
control visit.

Participating physicians recorded the labo-
ratory test results at their sites. Blood samples
were drawn from the antecubital vein, between
0800 and 1000 hours, after overnight fasting.
The fasting blood concentration of glucose,
total and high-density lipoprotein cholesterol
level, and triglycerides level were measured
using an enzymatic method. Low-density
cholesterol was calculated using the
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Friedewald’s equation if the triglyceride level
was \ 400 mg/dL [20]. HbA1c was measured
using high-performance liquid chromatogra-
phy, turbidimetric inhibition immunoassay, or
enzymatic methods.

Definitions of Study Variables

Overtreatment for glycemia was defined as
HbA1c\ 6.5% plus the use of C 2 oral antihy-
perglycemics or insulin [21]. Undertreatment
for glycemia was defined as HbA1c[9%.
Overtreatment for BP was defined as systolic BP
(SBP)\ 120 mmHg or diastolic BP
(DBP)\65 mmHg when a patient was receiving
C 2 antihypertensive drugs. Undertreatment for
BP was defined as SBP[150 mmHg or
DPB[90 mmHg [22]. In our analysis, we used
home BP readings when they were available,
otherwise the office readings were used for
analysis. Deintensification was defined as the
discontinuation or dose reduction of drugs by
the treating physician according to BP readings
and HbA1c results.

A positive history of physical exercise was
defined as exercising/participating in physical
activities for[ 30 min at least 3 days per week.
Hypoglycemia was defined according to patient
reports of typical adrenergic symptoms of
hypoglycemia, with a concomitant capillary
glucose level of B 70 mg/dL. Participating sites
were coded as a private care facility if they were
not publicly governed. Lower education indi-
cates an attained level of education of\8 years.
Macrovascular complications were either self-
reported, as having a history of coronary heart
disease, angina, heart attack, cerebrovascular
event or peripheral artery disease; or recorded
by the physicians according to their findings,
such as non-palpable lower extremity pulses,
lower ankle–brachial index values (B 0.9), pos-
itive findings on coronary or peripheral arteri-
ography, or positive results in carotid or
peripheral arterial duplex ultrasound examina-
tion. Retinopathy was self-reported based on
the results of routine eye examinations in the
medical history. Nephropathy was recorded as
positive if the patient had albuminuria and/or
decreased estimated glomular filtration rate,

and was either self-reported or recorded by the
physicians based on the symptoms of typical
bilateral symmetric distal neuropathy or other
autonomous neuropathies attributable to dia-
betes mellitus.

Statistical Analyses

Statistical analysis was performed in SPSS 18.0
(IBM Corp., Armonk, NY, USA). Data were
expressed as the mean ± standard deviation for
continuous variables or as the percentage for
categorical variables. Comparisons between
groups were performed using the one-way
analysis of variance test for continuous vari-
ables. The Chi-square test was used for cate-
gorical comparisons. Binominal logistic
regression was performed to ascertain the effects
of different variables on the likelihood of
overtreatment or undertreatment status.
Significance was set at 0.05 (two-tailed p value
of B 0.05).

RESULTS

The TEMD study included 5211 patients aged C

18 years. After excluding patients with type 1
diabetes mellitus (n = 455) and younger indi-
viduals (n = 3492), 1264 older patients were
eligible for the evaluation of glycemic targets.
Within this group, 1052 patients were eligible
for the evaluation of BP targets.

Diabetes Overtreatment, Optimal
Treatment, and Undertreatment

The final sample of 1264 older patients included
in this study for evaluation of their glycemic
target included 124 (9.8%) who were over-
treated, 960 (76%) who were optimally treated,
and 180 (14.2%) who were undertreated.
Table 1 shows the demographic and metabolic
characteristic of patients based on glycemic
control. Mean age, gender, smoking, and the
ratio of hypoglycemic events were not different
in the overtreated, optimally treated, or under-
treated patients. In general, overtreated patients
had a higher education level, a shorter duration
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Table 1 Demographic and metabolic parameters of older patients with type 2 diabetes mellitus based on glycemic control

Demographic and metabolic
parameters

Overtreated
(n = 124; 9.8%)a

Optimally treated
(n = 960; 75.9%)

Undertreated
(n = 180; 14.2%)a

p

Age (year) 70.2 ± 4.7 71.2 ± 5.3 70.5 ± 5.2 0.056

Gender

Female 68 (54.8%) 545 (56.1%) 111 (61.3%) 0.390

Male 57 (45.2%) 425 (43.9%) 70 (38.7%)

Diabetes duration (year) 13.0 ± 7.5 14.2 ± 9.1 16.7 ± 8.7 0.001

BMI (kg/m2) 30.5 ± 6.5 31.1 ± 5.7 32.1 ± 6.8 0.048

HbA1c (%) 6.08 ± 0.33 7.23 ± 0.89 10.47 ± 1.58 < 0.001

Exercise ([ 2 days/week

and[ 90 min/week)

25 (20.5%) 162 (17.2%) 18 (10.0%) 0.027

Smoking 4 (3.2%) 58 (6.1%) 11 (6.1%) 0.435

HbA1c measurement (%; annually)

0–2 52 (46.0%) 377 (42.9%) 99 (62.3%) < 0.001

3–4 56 (49.6%) 463 (52.7%) 55 (34.6%)

C 5 5 (4.4%) 38 (4.3%) 5 (3.1%)

Blood pressure

SBP 131.6 ± 15.6 135.7 ± 19.2 137.1 ± 19.6 0.037

DBP 77.9 ± 9.8 79.0 ± 10.9 79.3 ± 11.3

Type of medical center

Private care center 20 (16.1%) 102 (10.5%) 11 (6.1%) 0.018

State hospital 104 (83.9%) 869 (89.5%) 170 (93.9%)

Education

Higher education (high school or

university)

51 (41.8%) 351 (36.5%) 49 (27.8%) 0.031

Lower education (illiterate, primary

and secondary school)

71 (58.2%) 611 (63.5%) 127 (72.2%)

Complications

Macrovascular 38 (30.6%) 342 (35.2%) 85 (47.0%) 0.004

Microvascular 57 (46.0%) 504 (51.9%) 124 (68.5%) < 0.001

Hypoglycemic event 53 (43.1%) 407 (42.6%) 79 (44.4%) 0.904

Treatment

Insulin based 43 (34.7%) 483 (49.7%) 118 (65.2%) < 0.001

Non-insulin based 81 (65.3%) 488 (50.3%) 63 (34.8%)
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of diabetes, lower BMI, higher physical activity,
more frequent HbA1c measurements, and lower
mean BP level. Overtreated individuals were
found to be more frequently under private care
follow-up and, overall, 10.5% of overtreated
patients (n = 133) were recruited from private
care centers (Table 1). Overtreated patients also
had lower rates of macrovascular and
microvascular complications, fewer insulin-
based treatments, fewer comorbidities, and a
higher number of antihyperglycemics than
their optimally treated or undertreated coun-
terparts. Of the patients using antihyper-
glycemics in the overtreatment, optimal
treatment and undertreatment groups, met-
formin was used by 96.0, 72.7, and 65.6%,
respectively (p\0.001); secretagogues by 47.6,
27.3, and 27.2%, respectively (p\0.001),
dipeptidyl peptidase-4 inhibitors by 42.7, 28.9,
and 25.6%, respectively (p = 0.003); pioglita-
zone by 6.5, 2.1, and 2.8%, respectively
(p = 0.016); acarbose by 5.6, 3.9, and 2.2%,
respectively ( p = 0.303), sodium-glucose trans-
port protein 2 (SGLT2) inhibitors by 0.8, 1.3,
and 1.1%, respectively (p = 0.907), and
injectable treatments with/without oral drugs
by 65, 49.2, and 34.7%, respectively (p\0.001).

Blood Pressure Overtreatment, Optimal
Treatment, and Undertreatment

The final sample of 1052 older patients with
hypertension included in this study for evalua-
tion of their BP target included 77 (7.3%) who
were overtreated, 815 (77.5%) who were opti-
mally treated, and 160 (15.2%) who were
undertreated. Table 2 shows the demographic
and metabolic characteristics of this patient
sample based on BP treatment. Mean age, gen-
der, BMI, diabetes duration, HbA1c, ratio of
higher education, weekly exercise frequency,
smoking, macrovascular complications, ratio of
hypoglycemic events, number of oral antihy-
perglycemics, and number of chronic condi-
tions were not different in overtreated,
optimally treated or undertreated patients.
Overall, 11.2% of patients (n = 118) were
recruited from private care centers. There was no
difference between the private and state hospi-
tals in terms of number of overtreated, under-
treated or optimal treated patients (Table 2).
There were significant differences in the rates of
microvascular complications, insulin-based
treatments, and the number of antihypertensive
drugs across the three patient groups.

Table 1 continued

Demographic and metabolic
parameters

Overtreated
(n = 124; 9.8%)a

Optimally treated
(n = 960; 75.9%)

Undertreated
(n = 180; 14.2%)a

p

OAD (0–2 drug) 102 (82.3%) 845 (87.0%) 164 (90.6%) 0.102

OAD (C 3 drugs) 22 (17.7%) 126 (13.0%) 17 (9.4%)

Chronic conditions

0–1 22 (17.7%) 119 (12.3%) 20 (11.0%) < 0.001

2–3 78 (62.9%) 604 (62.2%) 90 (49.7%)

4? 24 (19.4%) 248 (25.5%) 71 (39.2%)

Data in table are expressed as the mean ± standard deviation (SD) (continuous variables) or as the number with the
percentage in parenthesis (categorical variables)
p-values are derived from ANOVA and Chi-square tests for continuous and categorical variables, respectively
p values\ 0.05 are given in bold
BMI Body mass index, DBP diastolic blood pressure, HbA1c glycated hemoglobin, OAD oral antidiabetic drug, SBP systolic
blood pressure
a Overtreatment for glycemia was defined as HbA1c of\ 6.5% plus the use of C 2 oral antihyperglycemics or insulin ;
undertreatment for glycemia was defined as HbA1c[ 9%.
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Table 2 Demographic and metabolic parameters of older patients with type 2 diabetes mellitus based on blood pressure
control

Demographic and metabolic
parameters

Overtreated
(n = 77; 7.3%)a

Optimally treated
(n = 815; 77.5%)

Undertreated
(n = 160; 15.2%)a

p

Age (year) 71.7 ± 5.0 71.2 ± 5.3 71.1 ± 5.0 0.704

Gender

Female 45 (58.4%) 473 (58.0%) 94 (58.8%) 0.985

Male 32 (41.6%) 342 (42.0%) 66 (41.3%)

BMI (kg/m2) 31.3 ± 6.6 31.6 ± 5.8 32.0 ± 6.1 0.611

Diabetes duration (year) 16.0 ± 8.4 14.5 ± 9.0 14.8 ± 7.9 0.359

HbA1c (%) 7.48 ± 1.40 7.61 ± 1.57 7.60 ± 1.58 0.797

Blood pressure

SBP 113.6 ± 12.1 134.5 ± 15.1 160.8 ± 16.1 <0.001

DBP 65.5 ± 8.4 79.1 ± 9.6 89.6 ± 10.1 <0.001

Types of medical center

Private care center 13 (16.9%) 92 (11.3%) 13 (8.1%) 0.134

State hospital 64 (83.1%) 723 (88.7%) 147 (91.9%)

Education

Higher education (high school or

university)

21 (27.6%) 284 (35.3%) 60 (38.0%) 0.294

Lower education (illiterate, primary

and secondary school)

55 (72.4%) 520 (64.7%) 98 (62.0%)

Exercise ([ 2 day/week

and[ 90 min/week)

10 (13.3%) 135 (16.9%) 23 (14.4%) 0.578

Smoking 4 (5.2%) 41 (5.0%) 7 (4.4%) 0.934

Complications

Macrovascular complications 37 (48.1%) 321 (39.4%) 63 (39.4%) 0.327

Microvascular complications 49 (63.6%) 434 (53.3%) 105 (65.6%) 0.006

Hypoglycemic event 41 (53.2%) 337 (41.9%) 72 (45.3%) 0.136

Treatment

Insulin based 51 (66.2%) 405 (49.7%) 90 (56.3%) 0.010

Non-insulin based 26 (33.8%) 410 (50.3%) 70 (43.8%)

OAD (0–2 drugs) 70 (90.9%) 694 (85.2%) 145 (90.6%) 0.089

OAD (C 3 drugs) 7 (9.1%) 121 (14.8%) 15 (9.4%)

Anti-hypertensive drug

C 3 drugs 59 (76.7%) 146 (17.9%) 33 (20.6%) < 0.001
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According to the multivariate analyses, the
use of oral secretagogues (sulfonylureas or
glinides) (odds ratio [OR] 1.94, 95% confidence
interval [CI] 1.2–3.1) and follow-up at a private
clinic (OR 1.81, 95% CI 1.0–3.3) were indepen-
dent predictors of glycemia overtreatment. Age
[75 years (OR 0.48, 95% CI 0.28-0.82) and the
presence of microvascular complications (OR
1.63, 95% CI 1.1–2.5) were independently
associated with glycemia undertreatment
(Fig. 1).

Blood pressure overtreatment was indepen-
dently associated with the use of insulin-based
diabetes treatment (OR 1.86, 95% CI 1.14–3.04).

There was no independent association of BP
undertreatment to the study confounders (Fig. 2).

Modification of Treatment in Overtreated
and Undertreated Patients

Participating physicians deintensified antihy-
perglycemic treatment in 25% of subjects who
were overtreated for glycemia and intensified
treatment in 75.6% of subjects who were above
the recommended HbA1c goal.

Deintensification of antihypertensives was
made in 10.9% of patients with low BP, and
intensification was made in 9.2% of subjects
with uncontrolled BP.

Table 2 continued

Demographic and metabolic
parameters

Overtreated
(n = 77; 7.3%)a

Optimally treated
(n = 815; 77.5%)

Undertreated
(n = 160; 15.2%)a

p

Chronic conditions

0–1 4 (5.2%) 41 (5.0%) 8 (5.0%) 0.404

2–3 41 (53.2%) 518 (63.6%) 105 (65.6%)

4? 32 (41.6%) 256 (31.4%) 47 (29.4%)

Data in table are expressed as the mean ± SD (continuous variables) or as the number with the percentage in parenthesis
(categorical variables)
p values are derived from ANOVA and Chi-square tests for continuous and categorical variables, respectively
p values\0.05 are given in bold
BMI Body mass index, DBP diastolic blood pressure, HbA1c glycated hemoglobin, OAD oral antidiabetic drug, SBP systolic
blood pressure
a Overtreatment for BP was defined as SBP\ 120 mmHg or DBP\ 65 mmHg when a patient was receiving C 2
antihypertensive drugs. Undertreatment for BP was defined as SBP[ 150 mmHg or DPB[ 90 mmHg

Fig. 1 Patient characteristics independently associated with glycemia overtreatment and undertreatment, respectively. BMI
Body mass index, CI confidence interval, OAD oral antidiabetic drug, SU sulfonylureas
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DISCUSSION

Analysis of the patient population of this study
revealed that one of ten older adults with T2DM
were overtreated for glycemia. When the num-
ber of insufficiently treated individuals were
included in the analysis, one in four older adults
with T2DM undergoing a routine control eval-
uation required modification of their antihy-
perglycemic treatment. Almost a similar
proportion required modification of their anti-
hypertensive treatment, but overtreatment of
BP was overall less common. Our findings also
show that participating physicians deintensified
treatment in only 25% of patients overtreated
for glycemia and in only 10.9% of patients
overtreated for BP. In comparison, physicians
intensified diabetes treatment in the majority of
those with uncontrolled glycemia but did not
modify the antihypertensive treatment in the[
90% of patients with uncontrolled BP.

Both the ADA and AGS recommend more
liberal HbA1c goals for older patients, particu-
larly in those with functional limitations
[10, 15] as functional decline may be considered
as one of the major complications of diabetes
mellitus over the long term. In a sample of
patients from the Atherosclerosis Risk in Com-
munities Study, diabetes mellitus was associated
with functional disability in older adults that
could not be explained by known risk factors
and comorbidities, including poor glycemic
control and medication use [23]. Thus, these
patients may benefit from regular assessment of

functionality even though the level of evidence
to support this recommendation is low [10].

Studies published to date have shown a
variable frequency of overtreatment of diabetes
mellitus among older adults. A recent analysis
of data extracted from a large US Medicare
claims database revealed that 10.8% of patients
aged C 65 years were potentially overtreated
[21]. Overtreatment in that study was defined as
HbA1c\ 6.5% plus the use of any antihyper-
glycemic drug in addition to metformin. In the
current survey, we selected a more stringent
criterion for diabetes overtreatment (HbA1c \
6.5% plus the use of C 2 oral antihyperglycemic
drugs or any insulin) but found that the pro-
portion of overtreated individuals was similar to
that in the US sample. However, it is likely that
both studies underestimated the number of
overtreated patients because HbA1c goals are
currently not less than 7% for all older adults,
and higher thresholds are defined for individu-
als with multimorbidity and/or functional
dependence [10, 13]. Nevertheless, in the
absence of evidence from randomized con-
trolled trials (RCTs), there is no agreement on
the definition of overtreatment, intensive
treatment, or excessive treatment [24], and
these terms have been used interchangeably.

Low adherence to treatment is a known
challenge in diabetes management [25–27].
However, overemphasizing metabolic control
may cause excessive treatment of persons with
T2DM of all ages. In the present study, over-
treated patients had better sociodemographic

Fig. 2 Patient characteristics independently associated with blood pressure overtreatment and undertreatment, respectively
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characteristics and more favorable care indica-
tors than those who were optimally treated or
undertreated. In addition, overtreated patients
more often chose for follow-up in a private
clinic and were more often on oral antihyper-
glycemics than injectable drugs. These findings
suggest that medical treatment unexpectedly
went too far regarding the management of the
overtreated patients in our sample. In a US
sample of patients with T2DM, Maciejewski
et al. reported that individuals enrolled in a
Medicaid program were potentially overtreated
compared to those not enrolled in a Medicaid
program [21], suggesting that consistent provi-
sion of diabetes care improves health-related
outcomes. Since all of our participants were
covered by the state health insurance, we were
not able to examine the interaction between the
health insurance program and overtreatment.
However, follow-up at a private clinic was a
predictor of overtreatment of T2DM in our
study. Although what makes a patient choose a
private setting can be multifactorial [28], a pri-
vate clinic may offer more personal care within
sufficient time and may provide a more conve-
nient environment compared to public facili-
ties. Also, a private clinic setting can improve
physician–patient agreement, which is a pre-
dictor of medication compliance in the primary
care setting [29]. Moreover, favorable health
beliefs and provision of better illness-related
support are positively associated with adher-
ence to health-promoting activities consisting
of a diabetic regimen and metabolic control
[30, 31]. In a RCT, Munshi and colleagues
showed that the assessment and resolution of
barriers to self-care improved glycemia and
quality of care among older adults over a period
of 12 months [32]. Nevertheless, the results of
our study suggest that sustained glycemic con-
trol through management at private clinics may
unnecessarily result in excessive HbA1c reduc-
tions over time. Increasing the awareness of
overtreatment among both physicians and
patients may balance personal expectations and
evidence-based care requirements in the man-
agement of T2DM.

In the present study, overtreatment of
patients with diabetes mellitus was indepen-
dently associated with the use of secretagogues,

but treatment with insulin did not show any
association with overtreatment. In two large
studies from the USA, overtreated patients with
diabetes mellitus were more frequently on
insulin and sulfonylureas [33], and the propor-
tion of the users of both drugs did not decrease
in advanced age groups [34]. Sulfonylureas are
the second most prescribed antihyperglycemics
across Europe [35], but they are also potent
antihyperglycemics and associated with a well-
known risk of hypoglycemia [36]. Our findings
suggest that sulfonylureas may cause excessive
HbA1c reductions over time in older adults with
T2DM; however, they are certainly agents that
are less associated with the risk of hypoglycemia
and even reduce the risk of cardiovascular
events. Thus, when the glycemia is near normal
and there are no apparent symptoms, cessation
of treatment with an otherwise beneficial drug
may also be arguable. It should be noted that in
our study the use of such agents (e.g., SGLT-2
inhibitors, glucagon-like peptide 1 analogues)
were not more common in the overtreatment
group than in the other two groups.

Management of hypertension has long been
complicated by concerns related to the exces-
sive treatment of high BP [37]. A cornerstone
finding in this regard was the report of a rela-
tion of lower DBP to increased risk of major
cardiovascular events in the general population,
which was more pronounced in the presence of
diabetes mellitus [38]. Currently, based on evi-
dence from RCTs [6], SBP\120 mmHg is not
recommended in patients with T2DM, includ-
ing older adults. However, many patients still
remain below the recommended BP range, and
the picture gets worse in patients of advanced
age. Various cohort studies have shown that
age-adjusted prevalence of hypertension has
remained stable in older people since late 1990s
but that there has been a downtrend of mean
SBP and DBP values and an improvement in BP
control rates [39–41]. However, the numbers of
patients aged[ 80 years with seriously low BP,
users of C 3 antihypertensives , and frail elderly
individuals receiving excessive antihypertensive
treatment have also significantly increased
[39–41]. The proportion of patients with T2DM
overtreated for BP was relatively lower in the
present study compared to previous studies,
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possibly be due to the selection of at least two
antihypertensives as a criterion of hypertension.
Interestingly, whereas the participants with
overtreatment for glycemia were in a healthier
condition, participants with overtreatment for
BP had a worse disease status, suggesting that
any relation between a lower BP and improved
diabetes management was unlikely. Moreover,
there was only a single independent predictor of
BP overtreatment which was the use of an
insulin-based treatment. Even though triple
combinations of antihypertensive drugs may
not increase the risk of adverse events compared
to dual combinations in the general population,
adverse events, such as dizziness, peripheral
edema, and headache, are more common
among the former [42], which may be more
troublesome in an older adult with T2DM.

In the presence of unnecessarily low HbA1c
values, physicians in our study deintensified
antihyperglycemic treatment in only a small
percentage of patients. Not surprisingly, reports
from other health systems are not much differ-
ent, and around two-thirds of overtreated indi-
viduals continue with their current
antihyperglycemic regimen [22, 40]. In previous
survery, the numbers are also similar regarding
the withdrawal or dose reduction of antihyper-
tensives in subjects with excessively low BP
[22, 40, 43]. In our study, physician reaction to
uncontrolled glycemia differed greatly from
that to uncontrolled BP. While glucose-lower-
ing therapy was intensified in most patients
with uncontrolled glycemia, \ 10% of those
with uncontrolled BP had their treatment
modified. The decision to withdraw a medica-
tion is influenced by multiple barriers and
enablers from both the patients and physicians.
Skepticism on the appropriateness of with-
drawing, absence of a process for cessation, and
dislike of medications are the potential barriers
and enablers of the patients [44]. On the
physician side, problem awareness, inertia sec-
ondary to lower perceived value for stopping or
continuing, self-efficacy or ability to alter pre-
scribing, and feasibility of altering prescribing
in routine care environments were identified as
barriers or enablers [45]. In addition, system-
level barriers (e.g., policy, finance) and envi-
ronmental factors [46] may also delay the time

of deprescribing. However, with the available
data from ourstudy, we are unable to comment
on the actual causes of physicians’ inertia to
modify antihypertensive and antiglycemic
medications. In order to effectively facilitate
deprescribing in clinical practice, future studies
are needed to better identify barriers and
enablers specific to patients with diabetes mel-
litus and their physicians.

Our study has a number of limitations. First,
since the TEMD study was conducted in a pop-
ulation aged C 18 years, some variables that are
more specific to older adults were not available,
such as fall assessment, cognitive functions,
functional status, and symptoms of depression.
Second, the study sites were tertiary care cen-
ters, which makes it challenging to translate the
findings to general services. Third, as there is no
consensus on the definitions for diabetes
overtreatment and hypertension overtreatment,
we applied a modified set of criteria from
existing studies. Therefore, the number of
affected individuals may be different from those
in other studies. Moreover, we do not have any
data showing that patients had suffered from
the harmful effects of overtreatment. Finally,
we were not able to identify potential factors to
influence deintensification or intensification of
medications.

CONCLUSIONS

In conclusion, the findings of the present study
indicate that overtreatment and undertreat-
ment of glycemia and BP are common among
Turkish older adults with T2DM. Deintensifica-
tion of treatment in overtreated subjects is not
routine among tertiary care center physicians,
who also seemed more confident with the
decision to intensify glucose-lowering treat-
ment but not BP-lowering treatment. Our find-
ings point to a need to improve physician
awareness of drug modification in older patients
with T2DM.
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