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Introduction

Diabetes mellitus (DM) is a common disease in geriatric 
population, with almost 50% of  patients with type 2 DM (T2DM) 
being over 60 years of  age.[1] The prevalence of  T2DM in people 
aged 65–74 years is reported to be 40%.[2‑4]

Long‑term T2DM management requires continuous medication 
use and self‑management and may meet with poor adherence 
and deterioration in glycemic control arising due to the 
inconvenience and poor patient treatment acceptability, poor 
patient satisfaction, multiple medications, and self‑management 
burden.[5‑7] Patient satisfaction and psychological issues along 
with the efficacy and safety of  medications play a crucial role 
in effective disease management and help in achieving optimal 
clinical effectiveness.[8,9]
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Introduction: Dipeptidyl peptidase 4 (DPP4) inhibitors are attractive agents to be used in the elderly patients with Type 2 diabetes 
mellitus (T2DM ) because of their beneficial effects. Methods: In this cross‑sectional, observational study, we evaluated and compared 
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and compared among two groups. Results: A total of 115 patients participated in the study (42 in Group 1 and 73 in Group 2). 
Significantly better DTSQ scores were observed among Group 1 patients in terms of DTSQ score total (P = 0.01) and DTSQ score 
for perception of hyperglycemia (P = 0.008) as compared to Group 2 patients. Significant difference was observed in HbA1c values 
among two groups (P = 0.02, 95% confidence interval [CI], 0.06–1.14). Also, significantly higher proportion of patients had achieved 
glycemic control, i.e., HbA1c <7% in Group 1 as compared to Group 2 (P = 0.002, 95% CI, 11.8%–48.1%). Significantly higher number 
of ADRs were observed among Group 1 patients as compared to Group 2 (P = 0.003). Conclusion: DPP4 inhibitors seem to offer 
better treatment satisfaction and efficacy in geriatric T2DM patients but at the expense of increased frequency of ADRs; however, 
further research is warranted.
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Dipeptidyl peptidase 4 (DPP4) inhibitors prevent degradation 
of  endogenously released incretins, enhance their plasma levels, 
prolong their actions and finally leading to increased insulin level.
[10‑12] The levels of  DPP4 increase with advancing age, therefore 
DPP4 inhibitors are attractive agents to be used in the elderly 
because of  their beneficial effects.[13‑16] They are associated with 
a low risk of  hypoglycemia, few gastrointestinal (GI) side effects, 
few drug interactions, weight neutrality,  better tolerability and 
fewer adverse events (AEs)  as compared to metformin and 
sulfonylureas (SUs).[13‑16] They have low risk of  hypoglycemia, few 
gastrointestinal (GI) side effects, few drug interactions, weight 
neutrality, tolerability, and fewer adverse events (AEs) compared 
with metformin and sulfonylureas (SUs) in geriatric patients.
[13‑16] The DPP4 inhibitors are considered cardiosafe and have 
been used in acute coronary syndrome settings as well, which is 
advantageous in geriatric patients.[16‑18]

Currently, DPP4 inhibitors such as sitagliptin, vildagliptin, 
saxagliptin, and newly approved teneligliptin are being prescribed 
as an adjunct to diet and exercise to improve glycemic control 
in Indian geriatric patients with T2DM, but data regarding their 
safety and efficacy and overall treatment satisfaction among 
T2DM geriatric patients are lacking. In the relative vacuum of  
data regarding treatment satisfaction and safety and efficacy of  
DPP4 inhibitors in geriatric patients, the aim of  this observational 
study was to evaluate the treatment satisfaction and the safety 
and efficacy of  DPP4 inhibitors in geriatric patients with T2DM.

Methods

Ethics
Permission to conduct this study was obtained from the 
institutional ethics committee of  All India Institute of  
Medical Sciences, New Delhi, India, vide Reference No. 
IESC/T‑492/30.09.2015, RT‑13/28.10.2015. Written informed 
consent was obtained from all the patients prior to enrolling 
them in the study. The study was conducted according to the 
principles of  Declaration of  Helsinki and good clinical practices.

Study design
This was a single‑center, cross‑sectional, comparative 
observational study. It was conducted for 2 months in the 
Departments of  Geriatric Medicine and Pharmacology.

Study population and study procedures
Geriatric patients with T2DM were screened and enrolled in the 
study subject to fulfilling inclusion criteria. Geriatric patients 
with T2DM who have taken antidiabetic medications at least for 
3 months’ duration were included in the study; however, patients 
with T1DM and those who were not willing to give written 
informed consent were excluded from the study.

A total of  115 patients were enrolled in this study. Individual 
patient details, type of  antidiabetic medications obtained, 
duration of  treatment, any concomitant medications, etc., were 

noted in noted in case report form  (CRF). For the purpose of  
the final analysis, patients were divided into two groups as follows:
• Group 1: Geriatric patients with T2DM receiving DPP4 

inhibitor‑based therapies either in monotherapy or in 
combination with other antidiabetic drugs (ADDs)

• Group 2: Geriatric patients with T2DM receiving non‑DPP4 
inhibitor‑based therapies either in monotherapy or in 
combination with other ADDs.

Evaluation of treatment satisfaction
Diabetes treatment satisfaction was evaluated using the 
Diabetes Treatment Satisfaction Questionnaire (DTSQ). 
Permission to use DTSQ was obtained prior to the 
commencement of  the study from Health Psychology 
R e s e a r c h  L t d . ,  U n i v e r s i t y  o f  L o n d o n  ( w w w.
healthpsychologyresearch.com). The DTSQ is a validated 
and widely used tool to assess the treatment satisfaction 
among diabetic patients.[19‑22] The DTSQ scores were 
compared among the two groups. It consists of  a six item 
scale assessing treatment satisfaction and two items assessing 
perceived frequency of  hyperglycemia and hypoglycemia 
(a total of  8 items). The scale total is computed by adding 
the six items, namely 1, 4, 5, 6, 7, and 8, to produce the 
treatment satisfaction scale total, which has a minimum of  0 
and a maximum of  36. Items 2 and 3 denote the individual’s 
perception of  hyperglycemia and hypoglycemia, respectively. 
DTSQ scores for treatment satisfaction total (items 1, 4, 
5, 6, 7, and 8), perception of  hyperglycemia (item 2), and 
perception of  hypoglycemia (item 3) were computed for all 
patients and compared among the two groups.

Assessment of efficacy and safety
The last measured HbA1c (not older than 3 months) values 
were noted from the laboratory investigation reports of  the 
patients (as a measure of  efficacy) and were compared among the 
two groups. We also compared the percentage of  patients who 
achieved HbA1c values <7% (as a measure of  glycemic control). 
The individual adverse drug reactions (ADRs) were recorded 
in CRF and compared among the two groups as a measure of  
safety. Percentage of  patients who experienced ADRs was also 
compared among the two groups.

Statistical analysis
Data were represented as percentages, mean ± standard deviation, 
and median (range) wherever applicable. Data were analyzed using 
the statistical software “R” version 3.2.2. Categorical data were 
analyzed using Chi‑square test and Fisher’s exact test (wherever 
applicable). Continuous variables were analyzed using t‑test 
for parametric data or Mann–Whitney test for nonparametric 
data. Difference in efficacy parameters between different DPP4 
inhibitors was analyzed using analysis of  variance (ANOVA) for 
parametric data and Kruskal–Wallis test for nonparametric data. 
P < 0.05 was considered statistically significant.
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Results

Out of  115 patients who participated in the study, 42 were taking 
DPP4 inhibitors‑based regimens (Group 1) and 73 were taking 
non‑DPP4 inhibitors‑based regimens (Group 2).

Demographic characteristics of the participants
• Age: Mean age of  patients was 64 ± 4.4 years. Mean age 

of  patients in Group 1 and Group 2 was 64.9 ± 5.6 and 
63.5 ± 3.5 years, respectively (P = 0.1)

• Gender: Sixty‑four male and 51 female patients participated 
in this study, 24 male and 18 female patients in Group 1 and 
40 male and 33 female patients in Group 2 (P = 0.8)

• Weight:Mean weight of  all patients was 70.4 ± 6.24 kg (69.2 
± 6.69 kg in Group 1 and Group 2, respectively, P = 0.37).

Prescribing pattern of antidiabetic drugs
Dipeptidyl peptidase 4 inhibitors
Three DPP4 inhibitors, i.e., sitagliptin, vildagliptin, and 
teneligliptin were prescribed among 42 patients. Fifteen patients 
were taking sitagliptin, with a mean dose of  88 ± 41.61 mg/day 
and a mean duration of  13.66 ± 6.67 months; 14 patients were 
taking vildagliptin, with a mean dose of  82.14 ± 24.86 mg/day 
and a mean duration of  16.12 ± 6.90 months; and 13 were taking 
teneligliptin, with a mean dose of  20.0 ± 0.0 mg/day and a mean 
duration of  6.07 ± 1.25 months.

Metformin
A total of  105 patients were taking metformin, with a 
mean dose of  1287 ± 502 mg/day and a mean duration of  
40.6 months. Thirty‑eight patients in Group 1 and 67 patients 
in Group 2 were taking metformin. Mean dose of  metformin 
was 1223 ± 502 mg/day and 1324 ± 590 mg/day in Group 1 
and Group 2, respectively. Difference in mean dose of  
metformin among two groups was not found to be statistically 
significant (P = 0.38). Mean duration of  metformin use was 
38 months and 41 months in Groups 1 and 2, respectively, and 
this difference was not statistically significant (P = 0.61).

Sulfonylureas
Sixty‑nine patients were taking SUs, with a mean duration 
of  30.7 months (30.7 months in Group 1 and 30.8 months 
in Group 2, P = 0.9 for difference among the two groups). 
Ten patients in Group 1 and 59 patients in Group 2 were 
taking SUs (P = 0.001). Three different SUs were prescribed 
to patients, i.e., glimepiride, gliclazide, and glibenclamide. 
The most commonly used SU was glimepiride (total in 
58 patients) followed by glibenclamide (6 patients) and 
gliclazide (5 patients).

Insulin
A total of  15 patients were taking insulin (7 in Group 1 and 8 in 
Group 2), with a mean duration of  28 months (30.5 months in 
Group 1 and 25.5 months in Group 2).

Other anti‑diabetic drugs
Eight patients were taking pioglitazone (all in Group 2), with 
a mean dose of  15.93 ± 6.25 mg and a mean duration of  
66 months. Two patients were taking voglibose (all in Group 2), 
with a mean dose of  0.2 mg and a mean duration of  36 months.

Number of anti‑diabetic drugs
The mean number of  ADD was 2.00 ± 0.69 in all patients (2.07 ± 0.7 
in Group 1 vs. 1.97 ± 0.68 in Group 2, P = 0.46).

Monotherapy
Twenty three patients were taking ADD as monotherapy 
(8 in Group 1 and 15 in Group 2).

Diabetes Treatment Satisfaction Questionnaire
Overall DTSQ score was found to be 20.44 ± 4.57. Overall 
DTSQ score for perception of  hyperglycemia was 2.33 ± 1.57 
while that of  perception of  hypoglycemia was 1.27 ± 1.24. 
Group 1 patients had a significantly better overall DTSQ 
score (P = 0.01) [Table 1] and DTSQ score for perception of  
hyperglycemia (P = 0.008) [Table 1] as compared to Group 2, 
while no significant difference was observed in DTSQ 
score for perception of  hypoglycemia between Groups 1 
and 2 (P = 0.84) [Table 1]. No significant difference was 
observed in DTSQ scores among sitagliptin‑, vildagliptin‑, and 
teneligliptin‑based regimens [Table 2].

Hemoglobin A1c
Mean value of  HbA1c in all patients was 7.68 ± 1.42. 
Group 1 patients had significantly lower values of  HbA1c 
as compared to Group 2 patients (P = 0.02, 95% confidence 
interval [CI], 0.06–1.14) [Table 3]. No significant difference was 
observed among sitagliptin‑, vildagliptin‑, and teneligliptin‑based 
regimens with respect to HbA1c values [Table 4].

Percentage of  patients who achieved glycemic 
control (hemoglobin A1c <7)
The proportion of  patients who achieved HbA1c <7% was 
compared among the two groups. Significantly more number 
of  patients in Group 1 had HbA1c <7% as compared to 
Group 2 (P = 0.002, 95% CI, 11.8%–48.1%) [Table 3].

No significant difference was observed among sitagliptin‑, 

Table 1: Difference in Diabetes Treatment 
Satisfaction Questionnaire Scores among Group 1 and 

Group 2 patients
Parameter Group 1 

(n=42)
Group 2 
(n=73)

P

1. DTSQ (mean±SD) 21.7±3.9 19.6±4.7 0.01* (t‑test)
2. DTSQ for perception of  
hyperglycemia (mean±SD)

1.8±1.5 2.6±1.5 0.008* (t‑test)

3. DTSQ for perception of  
hypoglycemia (mean±SD)

1.1±1.2 1.3±1.2 0.84 (t‑test)

*Statistically significant results. DTSQ: Diabetes Treatment Satisfaction Questionnaire; SD: Standard 
deviation
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vildagliptin‑, and teneligliptin‑based regimens with respect to the 
percentage of  patients who achieved glycemic control [Table 4].

Adverse drug reactions
A total of  59 ADRs were reported in both groups. Significantly 
higher proportion of  patients in Group 1 experienced ADRs as 
compared to Group 2 (33 ADRs in 27 patients in Group 1 vs. 
26 ADRs in 26 patients in Group 2, P = 0.003). No significant 
difference was observed among the two groups with respect 
to the number of  individual ADRs except nasopharyngitis 
which occurred exclusively in Group 1 as compared to Group 2 
(6 in Group 1 vs. 0 in Group 2, P = 0.001) [Table 5]. No significant 
difference was observed among sitagliptin‑, vildagliptin‑, and 
teneligliptin‑based regimens with respect to the percentage of  
patients who experienced ADRs (sitagliptin 47%, vildagliptin 71%, 
and teneligliptin 77%, P = 0.22). Also, no significant difference was 
observed among sitagliptin‑, vildagliptin‑, and teneligliptin‑based 
regimens with respect to the number of  individual ADRs.

Discussion

We observed a significant difference with respect to DTSQ 
score among geriatric patients taking regimens containing DPP4 
inhibitor (one of  sitagliptin, vildagliptin, or teneligliptin) and 
those taking other regimens. In addition, patients taking DPP4 
inhibitor‑containing regimens had significantly lower score for 
perception of  hyperglycemia as compared to patients taking other 
regimens while no significant difference was observed between the 
two groups with respect to scores for perception of  hypoglycemia.

To the best of  our knowledge, this is the first study in India which 
evaluated the treatment satisfaction among geriatric patients 
with T2DM, and globally, limited data are available regarding 
the treatment satisfaction among diabetic patients taking DPP4 
inhibitor‑ containing regimens and others. We came across 
only two studies in literature where DPP4 inhibitors and other 
regimens were compared for DTSQ scores among diabetic 
patients. Davies et al.[23] and Pratley et al.[24] used DTSQ scores 
among patients taking liraglutide or sitagliptin.

We observed that better glycemic control (low HbA1c levels) 
was associated with higher treatment satisfaction as indicated by 
significantly higher DTSQ scores among patients taking DPP4 
inhibitor‑based regimens (had lower values of  mean HbA1c) as 
compared to other patients (had higher values of  mean HbA1c).

Redekop et al.[25] and Marra[26] also found significantly better 
DTSQ scores among patients having lower HbA1c levels as 
compared to those having higher HbA1c levels. This finding 
indicates that the DTSQ could be informative to some extent 
regarding glyco‑metabolic parameters.

HbA1c values were assessed for comparing the efficacy between 
the two groups. We also assessed the proportions of  patients 
meeting the goal of  antidiabetic treatment recommended 
by various diabetic authorities such as American Diabetic 
Association, i.e., HbA1c <7%.[27] A statistically significant 
difference was observed in HbA1c values among Group 1 and 
Group 2 patients. Also, significantly higher percentage of  patients 
taking DPP4 inhibitor‑based regimens had achieved HbA1c 
target of  <7% as compared to the other group [Table 3].

Significantly higher percentage of  patients taking regimens 
containing DPP4 inhibitors experienced ADRs as compared to 

Table 3: Difference in glycosylated hemoglobin 
and percentage of patients who achieved glycemic 

control (glycosylated hemoglobin <7.0%) among Group 1 
and Group 2 patients

Parameter Group 1 
(n=42)

Group 2 
(n=73)

P (95% CI)

HbA1c (%) 7.07±1.22 7.68±1.48 0.02* (0.06%‑1.14%)
t‑test

Percentage of  patients 
who achieved HbA1c 
<7%, n (%)

26 (62) 24 (33) 0.002* (11.8%‑48.1%)
Chi‑square‑test

*Statistically significant results. CI: Confidence interval; HbA1c: Glycosylated hemoglobin

Table 4: Difference in glycosylated hemoglobin 
and percentage of patients who achieved glycemic 
control (glycosylated hemoglobin <7.0%) among 

sitagliptin‑, vildagliptin‑, and teneligliptin‑based regimens
Parameter Sitagliptin 

(n=15)
Vildagliptin 

(n=14)
Teneligliptin 

(n=13)
P

HbA1c (%) 7.12±1.42 7.12±0.88 6.96±1.36 0.21 (one‑way 
ANOVA)

Percentage 
of  patients 
who achieved 
HbA1c <7%, 
n (%)

9 (60) 8 (57.1) 9 (69.2) 0.85 (Chi‑square 
test)

HbA1c: Glycosylated hemoglobin; ANOVA: Analysis of  variance

Table 2: Difference in Diabetes Treatment Satisfaction Questionnaire Scores among sitagliptin‑, vildagliptin‑, and 
teneligliptin‑based regimens

Parameter Sitagliptin‑based 
regimens (n=15)

Vildagliptin‑based 
regimens (n=14)

Teneligliptin‑based 
regimens (n=13)

P

1. DTSQ (mean±SD) 22.3±3.6 22.0±4.2 20.9±4.1 0.63 (one‑way ANOVA)
2. DTSQ for perception of  hyperglycemia, 
median (range)

1 (0‑4) 1.5 (0‑4) 3 (0‑4) 0.58 (Kruskal–Wallis test)

3. DTSQ for perception of  hypoglycemia, 
median (range)

0 (0‑3) 1 (0‑3) 1 (0‑3) 0.95 (Kruskal–Wallis test)

DTSQ: Diabetes Treatment Satisfaction Questionnaire; SD: Standard deviation; ANOVA: Analysis of  variance
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the other group. No significant difference was observed with 
respect to the number of  individual ADRs among the two groups 
except nasopharyngitis which occurred in significantly more 
number of  patients taking regimens containing DPP4 inhibitors 
as compared to the other group [Table 5]. Umezawa et al.,[28] 
in an age‑stratified post hoc analysis done on 831 patients who 
were treated with sitagliptin, found a significant improvement 
in HbA1c in age groups of  <65 years and >75 years. They also 
observed a very low incidence of  hypoglycemia among patients 
on sitagliptin.

In our study, significantly higher number of  patients in Group 2 
were taking SUs as compared to Group 1 (59 vs. 10, P = 0.001), 
but no significant difference was observed among Groups 1 
and 2 with respect to the number of  hypoglycemic episodes. 
The risk of  hypoglycemia with DPP4 inhibitors is low because 
of  their glucose‑dependent mechanism of  action as they mainly 
target postprandial blood sugar. Recently, several other clinical 
trials have shown the benefits of  DPP4 inhibitors in older adults 
with T2DM.[13,15]

The mean duration of  use of  DPP4 inhibitors in our study 
was 12.1 months. Mohan Dallumal et al.[29] in a retrospective 
study observed a significant improvement in HbA1c values 
after 6 months of  initiation of  DPP4 inhibitor (sitagliptin) 
therapy. Schweizer et al.[14] observed that in drug‑naïve geriatric 
T2DM patients, DPP4 inhibitor vildagliptin was noninferior 
to metformin (in HbA1c reduction) while the incidence of  
hypoglycemia was low in both treatment groups, while GI AEs 
were more with metformin. We did not observe any significant 
difference in the occurrence of  GI AEs among the two groups. 
One noteworthy point is that in our study, out of  42 patients 
who were on DPP4 inhibitors, 38 were also taking metformin.

Although we found a significant difference in the occurrence 
of  ADRs in patients receiving regimens containing one DPP4 

inhibitor, none of  the patients developed serious ADRs or 
discontinued therapy. DPP4 inhibitors were mainly prescribed 
in combination with other ADD (mainly metformin); therefore, 
it is difficult to assign ADRs to one particular medicine, though 
the possibility cannot be ruled out.

Schweizer et al.[13] observed a significant reduction in HbA1c 
in geriatric patients with vildagliptin as add‑on therapy to 
metformin; AEs and serious AEs (SAEs) were reported with a 
lower frequency in geriatric patients receiving vildagliptin than 
comparators.

We did not observe any difference among patients taking three 
DPP4 inhibitor‑based therapies with respect to HbA1c values, 
proportion of  patients who were meeting the target of  HbA1c, 
and the number of  total and individual ADRs.

Schwartz[16] evaluated the effectiveness and safety of  different 
DPP4 inhibitors in geriatric T2DM patients who were treated 
with sitagliptin, saxagliptin, vildagliptin, alogliptin, BI‑1356, 
DSP‑7238, or PF‑734200 administered as monotherapy or in 
combination with metformin, a thiazolidinedione, glimepiride, 
glibenclamide, or insulin. Quantitative data indicated that DPP4 
inhibitors were associated with significant HbA1c reductions. 
They also observed a significantly lower risk of  hypoglycemia 
with DPP4 inhibitors as compared to other agents.

Teneligliptin was recently approved (May 2015) in India for the 
treatment of  T2DM as an adjunct to diet and exercise[30] and 
no reports are available on its use in geriatric patients in India. 
Kim et al.[31] and Kadowaki and Kondo.[32] assessed the efficacy 
and safety of  teneligliptin in combination with metformin[31] 
and glimepiride[32] in patients who were inadequately controlled 
with metformin and glimepiride monotherapy. They found a 
significant improvement in HbA1c with addition of  teneligliptin 
and comparable safety to that of  other drugs.

Teneligliptin seems to be an attractive option, but in our study, 
only 13 patients were taking teneligliptin and any conclusion 
drawn on the basis of  this will not be highly meaningful.

In our study, the frequency of  occurrence of  nasopharyngitis 
was significantly higher in patients taking DPP4 inhibitor‑based 
regimens as compared to others. This finding can be confirmed 
by a meta‑analysis done by Amori et al.,[33] where they found 
that DPP4 inhibitors have an increased risk of  development of  
nasopharyngitis. Mechanism of  development of  nasopharyngitis 
with DPP4 inhibitors is not completely understood, but it has 
been linked to the elevation of  levels of  substance P. Substance P 
is a substrate for DPP4, and DPP4 inhibitors lead to its increased 
levels and subsequently, nasopharyngitis.[33,34]

Limitations of our study
1. Sample size was small and a less number of  patients taking 

DPP4 inhibitor‑based therapies participated in the study. 

Table 5: Difference in the number of individual adverse 
drug reactions among Group 1 and 2 patients

ADR Group 1 Group 2 P (Fisher’s exact 
test)

Nausea 1 0 0.36
Diarrhea 0 1 1.00
Dyspepsia 5 7 0.75
Abdominal pain 0 2 0.53
Constipation 4 2 0.19
Headache 1 1 1.00
Elevated hepatic transaminases 1 1 1.00
Elevated urea/creatinine 3 1 0.13
Hypoglycemia 3 1 1.00
Allergic reaction 1 2 0.55
Peripheral neuropathy 5 6 0.52
Myalgia 3 2 0.35
Nasopharyngitis 6 0 0.001*
Total 33 26 0.003* (Chi‑square 

test)
*Statistically significant results. ADR: Adverse drug reaction
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DPP4 inhibitors are not frequently prescribed at our center 
because they are costlier

2. Mean duration of  use of  DPP4 inhibitors in our study was 
about 1 year; therefore, our report does not address the 
long‑term safety and efficacy of  these agents

3. Treatment satisfaction is a subjective parameter and may vary 
with the number of  factors.

DPP4 inhibitors seem to be associated with better treatment 
satisfaction and better efficacy outcomes in geriatric patients 
with T2DM but at the expense of  increased frequency of  ADRs. 
However, due to the cross‑sectional nature of  this study and 
limited sample size, the results cannot be generalized and require 
further validation.
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