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Abstract

Background: The purpose of this study was to evaluate the effects of sitagliptin in elderly patients
with type 2 diabetes aged 75 years or older versus those aged 65 - 74 years. Methods: Outpatients
aged 65 years or older with type 2 diabetes who received sitagliptin at a dose of 50 mg daily for 6
months were divided into two groups: those who were 75 years and older and those who were 65 -
74 years. The efficacy and safety were retrospectively evaluated by comparison of laboratory val-
ues before and after the administration of sitagliptin and by review of adverse events after treat-
ment. Results: One hundred and twelve older patients with type 2 diabetes were studied. Six
months after the initiation of sitagliptin, participants’ hemoglobin Alc was significantly decreased
by 1.09% * 0.8% in 65 - 74-year-olds (66 patients; mean age, 69.1 + 3.0 years; mean HbA1c before
administration, 8.4% * 0.8%) and by 1.05% * 0.8% in patients 75 years or older (46 patients;
mean age, 79.8 + 4.1 years; mean HbA1c before administration, 8.5% % 0.7%). There was no sig-
nificant difference in hemoglobin Alc between the two groups. Furthermore, sitagliptin was well
tolerated in both age groups. Conclusions: In elderly patients (75 years or older) with type 2 di-
abetes, the effect of sitagliptin was similar that in older patients (younger than 75 years) with type
2 diabetes.
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1. Introduction

According to the National Health and Nutrition Survey in Japan conducted in 2012, the number of people
“strongly suspected to have diabetes” is rising in Japan. Those 65 years and older accounted for more than half
of the patients studied [1]. Moreover, as the population ages, the number of patients aged 75 years or older with
diabetes will also increase. However, an analysis [2] of large-scale clinical trials showed that only 0.6% of in-
terventional trials in diabetes treatment specifically targeted this age group; 31% excluded patients older than 65;
and almost all excluded those older than 75. Treatment of elderly patients with type 2 diabetes is challenging
because of the high prevalence of comorbidities, use of polypharmacy, frailty, and the age-related reduction in
pancreatic islet cell function [3]. Safety is therefore an important consideration for treatment, especially the
avoidance of iatrogenic hypoglycemia which occurs frequently in elderly patients and can have severe conse-
quences [4] [5]. Renal impairment is also very common in elderly patients with type 2 diabetes, which increases
their risk for hypoglycemia and complicates treatment strategies [6]. The management of elderly patients with
type 2 diabetes is further complicated by its clinical heterogeneity, i.e., very different disease durations and de-
grees of frailty, as well as the very limited availability of clinical trial data, especially in the very elderly sub-
group [7].

The dipeptidyl peptidase-4 (DPP4) inhibitors, a new class of oral antidiabetic agents, could be particularly
promising for the treatment of older patients [8] [9]. Sitagliptin, a member of this class, has been studied in a
large clinical program, showing good overall safety and tolerability and improving glycemic control when given
as monotherapy or combination therapy [10]-[14]. A very low incidence of hypoglycemia has consistently been
reported with sitagliptin across the disease spectrum [15]-[20]. In addition, we consider that sitagliptin is effec-
tive for the treatment of type 2 diabetes in elderly patients because it is taken once daily and therefore adherence
to the treatment is favorable.

The aim of this study was to investigate the glucose-lowering efficacy, safety, and tolerability of sitagliptin in
patients aged 65 - 74 years versus those 75 years and older with type 2 diabetes whose glycemic control was in-
adequate on other common glucose-lowering drugs.

2. Methods
2.1. Study Design and Patients

Among patients aged 65 years and older with type 2 diabetes being treated at our diabetes clinic on an outpatient
basis, those who received sitagliptin once daily at a dose of 50 mg (25 mg when estimated glomerular filtration
rate [eGFR] was below 30 mL/min per 1.73 m?), and who were treated for at least 6 months were examined.
Changes in hemoglobin Alc (HbA1c) before and after treatment with sitagliptin were retrospectively analyzed.
The patients were divided into two groups: those 75 years or older and those 65 - 74 years. The difference in the
effect of sitagliptin between these two groups was assessed. The observation period was from January 2010 to
January 2014. Medical records were examined for dosages administered and adverse events (AEs). Exclusion
criteria included add on other antidiabetic agents or drugs affecting plasma glucose or changes in the previously
use of other antidiabetic agents and in instructions for diet or exercise therapy during the study period.

2.2. Assessments

HbAlc, body weight, sitting systolic and diastolic blood pressure and common laboratory parameters were
measured periodically during the study period. All adverse events (AEs) were recorded and assessed by the in-
vestigator with regard to severity and possible relationship to the study medication.

Glomerular filtration rate (GFR) was estimated by the Modification of Diet in Renal Disease (MDRD) me-
thod and data in the group of patients with severe renal impairment (eGFR < 30 mL/min/1.73 m?) are presented
(Table 1). Confirmed hypoglycemia was defined as symptoms suggestive of low blood glucose confirmed by
self-monitored blood glucose (SMBG) measurement <3.1 mmol/L plasma glucose equivalent. Severe hypogly-
cemia was defined as any episode requiring the assistance of another party.

2.3. Data Analysis

The data were summarized by mean values and standard deviations. Statistical analysis was performed using
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Table 1. Baseline characteristics by age groups.

Age (y)
Male, No. (%)
Body weight (kg)
BMI (kg/m?)
Duration of Diabetes (y)
HbAC1 (%)
SBP (mmHg)
DBP (mmHg)
eGFR (ml/min/1.73 m?)
Complication’
Hypertension
Dyslipidemia
Chronic Heart failure
OoMI
AF
ASO
Stroke
Other OHA!
Metformin
SU
Pioglitazone
oGl

Insulin

65-74y
(n =66)

69.1+3.0
38 (57.5)
61.3+10.8
243+38
144+73
843+038
1265+ 125
729+99

746+222

41 (62.1)
32 (48.4)
5 (7.5)
5(7.7)
1(L5)
1(L5)
1(L5)

47 (71.2)
31 (46.9)
6 (9.0)
2 (3.0)
15 (22.7)

>75y
(n = 46)

798+4.1
27 (58.6)
58.0+10.2
238+33
16.1+8.8
8.49+0.7
123.8+9.8
69.0+10.3

67.0+19.3

34 (73.0)
19 (41.3)
1(2.1)
8 (17.3)
2(43)
2(43)
0(0.0)

22 (47.8)
27 (58.7)
7(15.2)
2(43)
13 (28.2)

P-value

<0.001
0.999
0.196
0.453
0.274
0.725
0.223
0.051

0.068

0.224
0.563
0.398
0.138
0.567
0.567
0.999

0.018
0.252
0.376
0.999
0.515

Unless indicated otherwise, data are shown as the mean + SD. Values show the difference
compared between two groups (two-tailed Student’s paired or unpaired t-test and Fisher’s ex-
act test). TAll complications are expressed as No. (%); *Oral hypoglycemic agents expressed
as No. (%); Abbreviations: BMI: body mass index; SBP: systolic blood pressure; DBP: dias-
tolic blood pressure; eGFR: estimated glomerular filtration rate; OMI: old myocardial infarc-
tion; AF: atrial fibrillation; ASO: arteriosclerosis obliterans; OHA: oral hypoglycemic agents;

SU: sulfonylurea; aGI: a-glucosidase inhibitor.

StatView version 5.0 for Windows (SAS Institute, City, NC, USA). The significance of differences between
discrete variable data was analyzed by Fisher’s exact test as appropriate. Differences between two variables
were evaluated by two-tailed Student’s paired or unpaired t-test as appropriate. A two-sided significance level of
5% was used. All HbAlc values are shown as National Glycohemoglobin Standardization Program values.

2.4. Ethics and Good Clinical Practice

All study participants provided written informed consent. This study was conducted according to the principals
expressed in the Declaration of Helsinki. Informed consent was obtained from each subject after full explanation
of the purpose, nature, and risks of all procedures used. The study protocol was approved by the ethical review
committee of Saiseikai Niigata Daini Hospital.
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3. Results

As a result of screening during the above observation period, 142 patients were recruited for the study. Among
them, 30 patients were excluded for the reasons mentioned in the study design section, and 112 patients with
type 2 diabetes (65 men and 47 women; mean age, 73.5 + 6.3 years; BMI, 24.1 + 3.6 kg/m?; disease duration,
15.1 + 8.0 years; baseline HbAlc, 8.4% + 0.8%) were included in the study (Figure 1). After 6 months of
treatment with sitagliptin, a significant decrease in HbAlc, by 1.07% + 0.8% (P < 0.001), was observed in all
patients. Table 1 shows the characteristics for patients 65 - 74 years old and those 75 years or older. The former
group consisted of 66 patients. The mean age was 69.1 + 3.0 years old (range, 65 - 74). Baseline HbAlc was 8.4
+ 0.8%. The latter group consisted of 46 patients. The mean age was 79.8 + 4.1 years old (range, 75 - 92). Base-
line HbAlc was 8.5% + 0.7%. The proportion of patients who used metformin at baseline was significantly
lower in the latter group. Figure 2 shows changes in HbA1c in the two groups. Both groups demonstrated a sig-
nificant decrease 3 months after the start of treatment with sitagliptin, which persisted up to 6 months. Changes

142 patients aged 65 years

or older with type 2 diabetes
observed for 6 months after
the start of treatment with a
daily dose of 50 mg sitagliptin
(25 mg when eGFR < 30)

30 patients were excluded:
Discontinuation of insulin (n = 9)
Cancer treatment (n = 6)

| Interruption of outpatient visits (n = 4)
Hospitalization

(pneumonia, heart failure, etc.) (n = 4)

Use of other hypoglycemic drugs (n = 3)

Adverse event (constipation) (n = 1)

v Ineffective (n = 1)

112 patients

I
v v

65 to 74 years 75 years or older
n=66 n=46

Figure 1. Trial profile.

10 ¢
| 65-74y
9 L
g L
(&)
3 °
T L 7.43+0.77"
7.34+£0.73*
7 L
6 *P < 0.001 vs baseline

oM 3M 6M

Data are showed as the mean £ SD. "p < 0.001 compared with baseline. No significant
difference was observed between the two groups at baseline, 3 months and 6 months.

Figure 2. Change in the HbAlc levels from baseline at six-month intervals.
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in HbA1c were thus similar among the two groups represented by a decrease of 1.09% + 0.8% and 1.05% + 0.8%
for the 65 - 74-year-old and the 75 years or older groups, respectively, indicating a significant decrease from
baseline in each group. No significant difference was observed between the two groups (Figure 3).

The change in HbAlc in relation to previous hypoglycemic agents used at baseline is shown in Figure 4.
HbAlc was compared for patients previously treated with the following concomitant drugs: sulfonylurea (SU)
alone; metformin alone; both SU and metformin; metformin and insulin; and insulin alone. HbAlc decreased
significantly in all groups and no significant difference was observed between the two age groups. Next, change
in HbAlc is presented versus the duration of diabetes in Figure 5. HbAlc was compared based on duration of
disease: less than 5 years; 5 to 14 years; and 15 years or longer. HbAlc was significantly decreased in all groups.
No significant difference was detected between the two age groups. Figure 6 shows the change in HbAlc versus

65-74y >75y

AHbALC
IR

P =0.526

Data are showed as the mean + SD.
No significant difference was observed between the two groups.

Figure 3. Adjusted mean changes in HbAlc from baseline to six months.

SU MET SU+MET MET+Ins Ins
0 (n=6) (n=9) (n=21) (n=6) (n=24) (n=15) (n=6) (n=2) (n=5) (n=6)
108
-1.30
P=0414 P=0.712
25 -
P=0.223 6574y
W>75y

3L

Data are showed as the mean + SD. HbAlc decreased significantly in all groups and no significant
difference was observed between the two age groups. SU: sulfonylurea alone; MET: metformin alone;
SU+MET: both SU and metformin; MET+INS: metformin and insulin; and Ins: insulin alone.

Figure 4. Change in HbAlc versus previous therapeutic agent at baseline.
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Dyration of <5y 5-15y >15y
Diabetes
(n=6) (n=4) (n=33) (n=21) (n=27) (n=21)

AHbAlc

6574y
W>75y

P=0.427

3t
Data are showed as the mean £ SD. HbA1c decreased significantly in all groups and no significant
difference was observed between the two age groups.
Figure 5. Decrease in HbAlc six months after addition of sitagliptin versus duration of di-
abetes.
eGFR > 60 eGFR > 30 eGFR < 60 eGFR < 30 (mL/min/1.73m?)
(n=53) (n=31) (n=11) (n=12) (n=2) (n=3)

AHbAlc

P=0.126

P=0.626
W 65-74y

Il >75y

-25¢

Data are showed as the mean + SD. HbA1c decreased significantly in all groups and no significant
difference was observed between the two age groups. eGFR: estimated glomerular filtration rate;

Figure 6. Change in HbAlc versus baseline eGFR.

baseline eGFR. HbAlc was examined for patients whose eGFR was <30 mL/min/1.73 m?, patients whose eGFR
was >30 mL/min/1.73 m? and <60 mL/min/1.73 m?, and patients whose eGFR was >60 mL/min/1.73 m’. In all
groups, HbAlc decreased significantly. There was no significant difference between the two age groups.

Table 2 compares changes in body weight and blood pressure between the two groups. Body weight and sys-
tolic blood pressure did not significantly change in either group. In patients aged 75 years or older, diastolic
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Table 2. Changes in body weight and systolic and diastolic blood pressure in the two groups.

Adjusted mean change

BW (kg) 0 Months 3 Months 6 Months from baseline at P\-/\;aléjgsit"?];vl
6 Months ’
65 - 74y 61.3+10.9 61.3+10.9 61.3+11.0 0.024 +0.00 0.916
>75y 58.0 £10.2 58.1+10.2 58.2 +10.4 0.132 +0.00 0.622
P =0.124 between two groups.
Adjusted mean change
SBP (mmHg) 0 Months 6 Months from baseline at Pl At Ol
vs. Baseline
6 Months
65 - 74y 1265+ 12.4 126.1+14.3 —0.409£11.6 0.766
>75y 123.8 £9.83 1238+12.2 0.00 +10.6 1.000
P =0.376 between two groups.
Adjusted mean change ’
DBP (mmHg) 0 Months 6 Months from baseline at Pl At .6 b
vs. Baseline
6 Months
65 - 74y 729+99 72.9+109 -0.03+11.0 0.982
>75y 69.1+10.3 66.9+12.1 -210+135 0.296

P =0.008 between two groups.

Data are shown as the mean + SD. Values show the difference compared between two groups. (two-tailed Student’s paired or unpaired t-test). BW:
body weight; SBP: systolic blood pressure; DBP: diastolic blood pressure.

blood pressure was slightly lowered and showed a significant difference at 6 months from the values in patients
younger than 75 years.

There were few AEs. Constipation was observed in 2 patients (1 in each age group) and mild hypoglycemia in
2 patients (a patient treated with SU in those younger than 75 and a patient treated with insulin in those 75 years
or older). No serious AEs were observed in either group. Sitagliptin was well tolerated.

4. Discussion

The present study demonstrates that, in elderly patients aged 75 years or older with type 2 diabetes whose plas-
ma glucose had been insufficiently controlled by other hypoglycemic agents, sitagliptin improved plasma glu-
cose level as effectively as in those patients aged 65 - 74 with poorly controlled type 2 diabetes. Furthermore,
the drug was well tolerated. Review of the literature demonstrates that patients aged 75 years or older with type
2 diabetes have generally been excluded from clinical trials, even though they account for a large and growing
proportion of patients with type 2 diabetes.

Perhaps one reason for the exclusion from such trials is concern about the risk of hypoglycemia, which poses
a problem in drug therapy in older patients with diabetes. Hypoglycemia not only increases the risk of falls and
fractures, but also possibly causes impairment of cognitive function [21] [22]. Authors of the Action to Control
Cardiovascular Risk in Diabetes (ACCORD) Trial pointed out the relationship between severe hypoglycemia
and higher mortality, specifically cardiovascular deaths, seen significantly more frequently in the intensive glu-
cose control group than in the standard glucose control group [23]. This highlights the importance of prevention
of hypoglycemia. The reasons for frequent hypoglycemia in elderly patients include: 1) slowed metabolism and
excretion of drugs related to aging, 2) impairment of autonomic function, 3) decreased or unstable glucose in-
take, and 4) poor adherence to treatment due to impaired cognitive function.

The most important age-related change in pharmacokinetics occurs in the kidney. The weight of the kidney
decreases with aging. Renal blood flow is speculated to be reduced by 1 mL/minute/year after the age of 30, re-
sulting in a linear age-related decrease in eGFR starting in one’s 40s. Additionally, many drugs are mainly me-
tabolized in the liver. With aging, the weight of the liver also decreases and its metabolic capacity is reduced.
These age-related changes delay the metabolism and excretion of drugs and result in an increased concentration



K. Suzuki et al.

of drugs in the blood, which can lead to significant decreases in plasma glucose as well as other adverse drug
reactions. Moreover, impairment of autonomic function increases the risk for sudden dysfunction of the central
nervous system, which is responsible for subjective symptoms that warn of decreases in plasma glucose level,
rendering the patient unaware of hypoglycemia. Thus, hypoglycemia is more likely to become severe. Further-
more, glucose intake may be greatly reduced due to seasonal changes and changes in environment for many el-
derly patients. In such cases, hypoglycemia can easily occur in patients treated with SUs, unless they are told
how to prevent it. Impairment of cognitive function increases the risk of duplicate dosing of drugs as well as er-
rors in choosing the correct insulin formulation and administering the correct dosage. Iwakura et al. raised ad-
vanced age, impaired renal function, use of SUs and insulin, and low HbA1c as factors that increase the risk of
severe hypoglycemia [24].

Because oral hypoglycemic agents directly affect glycemic control, the prescription instructions need to be as
simple as possible in order to improve adherence to the treatment. When glycemic control is gradually worsened,
prescribing physicians should remember to confirm whether or not these drugs are being taken properly before
increasing the dose or adding new oral hypoglycemic agents. It is often difficult to confirm this by talking only
with patients. Discussion with family members is also important.

DPP-4 inhibitors are classified as insulin secretagogues. However, they promote insulin secretion only when
plasma glucose level is high, and therefore, they do not frequently cause hypoglycemia when used as oral mo-
notherapy. This is the greatest advantage of these drugs for use in elderly patients. However, the risk of hypog-
lycemia is increased in concomitant use with other drugs, especially SUs or insulin. In addition, DPP-4 inhibi-
tors are taken once or twice a day, which is expected to help maintain adherence to the treatment. When renal
function is impaired, these drugs can be used by adjusting the dose (although dose adjustment is unnecessary for
linagliptin and teneligliptin). Thus, we speculate that these drugs can be used relatively safely in elderly patients.
Among DPP-4 inhibitors, the outcome of administration of vildagliptin and linagliptin has been, in particular,
examined in more elderly subjects with diabetes than others. A meta-analysis of studies on vildagliptin showed
that the improvement in HbAlc as a result of using this drug was comparable in patients aged 65 years or older
and patients younger than 65 years. Fasting plasma glucose and body weight were significantly and markedly
decreased in the group of patients aged 65 years or older [25]. Moreover, Schweizer et al. evaluated this drug in
even older patients, those aged 75 years or older (mean age, 76.9 years; range, 75 - 84 years) and confirmed it to
be effective and well tolerated [26]. The subjects of the present study were even older than those of Schweizer
and colleagues, being 79.8 years old on average, ranging from 75 - 92 years old. The study by Schweizer et al.
was a meta-analysis of Phase Il and 111 clinical studies, and most participants were healthy enough to be eligible
for participation in such clinical studies. In contrast, our subjects were recruited from clinical practice, and
therefore, we consider our data to be a better reflection of actual treatment. As far as we know, the present study
is the first report showing that sitagliptin, the least examined DPP-4 inhibitor, in elderly patients with type 2 di-
abetes is as effective and as well tolerated as others in this class.

Linagliptin was shown to significantly decrease HbAlc by —0.64% compared with placebo and to be as safe
and well tolerated as placebo in a study in which linagliptin or placebo was added to monotherapy with metfor-
min, SU, or long-acting insulin, or to a combination of these drugs prescribed to patients aged 70 years or older
[27]. Our study also demonstrates that sitagliptin is useful and safe when it is added to treatment with other hy-
poglycemic agents. Our study further shows its efficacy in elderly patients with diabetes aged 75 years or older
with any renal dysfunction.

One major limitation of the present study is its retrospective design and the limited number of patients studied.
Almost all of the patients received add-on therapy; the number of drug naive patients was limited (n = 9). In ad-
dition, the duration of the study may be another limitation because the extent of the glycemic response may not
have been fully elucidated over this time frame. Furthermore, other markers, such as markers for assessment of
p-cell function in homeostatic models, and basal active GLP-1 levels, which could have contributed to the
HbA1c reduction with sitagliptin, were not measured in the present study. Therefore, increased numbers of sub-
jects and more detailed clinical parameters are needed in the future to avoid inappropriate extrapolation of the
data.

The present study shows that sitagliptin added to existing glucose-lowering drugs is well tolerated, weight-
neutral, and improves glycemic control in patients with type 2 diabetes aged 75 years or older (with characteris-
tics typical of those encountered in clinical practice), similar to those less than 75 years old, without increasing

the risk of AEs.
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