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Abstract

Background: To investigate whether the availability of DPP-4 inhibitors (DPP-41) affect the
glycemic control in patients with T2DM.

Methods: A total of 667 patients with T2DM were enrolled in this cross-sectional study. The patients
were divided into two groups according to their medical insurance plans; the University (290 patients)
and the Ministry (377 patients) groups. Both groups had comparable access to anti-diabetic
medications except for DPP-41 which were available only to the University group. Accordingly, the
University group was divided into two subgroups depending on their use of DPP-41; DPP-41 users and
non-users. Glycemic control, as assessed by HbA;C and rates of hypoglycemia, DKA and non-ketotic
hyperosmolar state (NKHS), were compared in the three groups. Odds ratios were calculated to
establish a correlation.

Results: The rate of inadequate glycemic control (HbAlc > 7%) was 72.3% in the University DPP-4I
users, 51.5% in the University DPP-41 non-users and 59.9% in the Ministry group (p=0.003). After
adjusting for various factors that influence glycemic control, the multivariate analysis showed that the
University DPP-41 users were more likely to have inadequate glycemic control compared to those in
the Ministry group (p=0.002, OR= 2.4). No significant difference was observed in the rate of
hypoglycemia, DKA and NKHS in the three groups.

Conclusion: Our results suggested that, in the studied population, the availability of DPP-41 did not
improve glycemic control nor reduce the rate of acute complications of DM. On the contrary,
inadequate glycemic control in the DPP-41 users was significantly higher compared to the non-users.
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Background HbAlc less than 7% is indicative of optimal
Glycosylated hemoglobin (HbA1c) has glycemic control according to the American
been routinely used as a measure of the Diabetes Association guidelines [1]. However,
adequacy of chronic glycemic control in studies across multiple populations frequently
patients with diabetes mellitus (DM). A report that the percentage of patients with an
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HbAlc below 7% is less than desired [2] and
only 6.9% of DM patients achieve glycemic,
lipid and blood pressure targets [3].

In the majority of patients’ multiple factors
contribute to the failure to achieve optimal
glycemic control. Such factors include patient
related factors; namely noncompliance with
dietary advice and/or drug therapy regimens,
or physician related factors including delayed
initiation of appropriate antidiabetic drug
regimen changes or insulin therapy initiation
[4].

In the last two decades, several new classes
of anti-diabetic medications have been made
available for patients with type 2 DM (T2DM)
including glucagon like peptide-1 (GLP1)
agonists, and dipeptidyl peptidase-4 inhibitors
(DPP-41) DPP-41 improve glycemic control by
inhibiting the DPP-4 enzyme, which
enzymatically degrades GLP1l. GLPl1 is a
peptide hormone produced in the small
intestine in response to a meal/glycemic load
[5]. Thus, the higher GLP1 levels, resulting
from DPP-4l therapy, increases the glucose-
dependent insulin release from the pancreatic
beta cells [6] and inhibits the inappropriately
elevated post-meal glucagon levels in patients
with T2DM [5]. At Jordan University Hospital
(JUH), a tertiary teaching hospital in Jordan,
DPP-41 were available to diabetic patients
under the University insurance plan, however,
were not available under the Ministry
insurance plan.

This study aimed to investigate whether the
availability of DPP-41 affects the glycemic
control in patients with T2DM. This was
achieved by comparing the glycemic control of
patients with T2DM under the University
insurance plan with patients with T2DM under
the Ministry insurance plan in the same
hospital.
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We hypothesized that DPP-41 users would
have higher rates of optimal glycemic control
because of DPP-4I’s unique glucose-
dependent insulinotropic and glucagoneostatic
effects. In addition, we expected reduced
complications of DM as DPP-4]1 are
characterized by lower risk for hypoglycemia
compared to sulfonylureas [7-10]

Methods

This cross-sectional study was conducted at
JUH between October 2013 and March 2014,
following approval from the institutional
review board. The target population of our
study was all patients attending the outpatient
endocrine clinic at JUH who met the following
criteria; T2DM, aged 18 years or more, able to
provide a written consent and on stable
antidiabetic medications for at least three
months. Exclusion criteria included pregnancy,
breastfeeding, patients who received steroid
therapy within 3 months before the onset of
the study, patients with TIDM and inability to
provide a written consent.

The eligible patients were recruited
consecutively. A total of 667 patients were
enrolled in the study. All patients enrolled in
the study signed a written consent and were
not compensated for their participation. They
were divided into two major groups according
to their medical insurance plans; the
University insurance and the Ministry
insurance plans. Both groups had similar
access to antidiabetic medications except for
DPP-41 which were available only to the
University group. Thus, the University group
was divided into two subgroups depending on
their use of DPP-4 Inhibitors; the users and the
non-users of DPP-4l. Glycemic control, as
assessed by HBAlc and rates of
hypoglycemia, DKA and NKHS, were the
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primary endpoints of the study. Blood pressure
control and lipid profile were also compared in
the three groups (University DPP-41 users,
University DPP-41 non-users, Ministry non-
DPP-41 users) and were considered secondary
outcomes of this study.

All patients, regardless of Insurance plan,
were eligible for metformin, sulfonylureas,
pioglitazone and all types of insulins, as
available in the hospital; premixed insulin
70/30, regular, glargine, aspart and premixed
aspart 70/30. However, GLP-1 agonists,
glucose transporter inhibitors, meglitinides,
and alpha-glucosidase inhibitors were not
available to all groups.

Fasting blood samples were drawn by
trained nurses and immediately sent to the
JUH laboratory for fasting lipid and HbAlc
analysis. Serum HbAlc was measured by ion
exchange high-performance liquid
chromatography (D-10 Dual Program; Bio-
Rad, Hercules, CA). Patients with HbA1C
levels below 7% were considered to be
optimally controlled [1].

All patients had their seated blood pressure
measured by experienced clinic nurses from
the patient’s right arm after five minutes of
rest. Weight (kg) and height (cm) were also
measured by trained nurses. The body mass
index (BMI) was defined by using the equation
of BMI = weight (Kg) / height (m?).

BMI values between 18.5 and 24.9 were
defined as normal, values between 25 and 29.9
were defined as overweight, whereas values of
30 and higher were defined as obese [11, 12].
Hypoglycemia was defined as a serum glucose
less than 70mg/dl with symptoms [13] or a
serum glucose of 60 mg/dl or less regardless of
symptoms [14]. Severe hypoglycemia was
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defined as a hypoglycemic episode requiring
assistance from another person [13]. All

participants were asked to record the
frequency, details and symptoms of
hypoglycemic episodes, in addition to

precipitating factors and details of any
hospitalization that ensued.

Data were analyzed using SPSS IBM
version 20. Data were described by using
means and percentages. The differences in the
means of continuous variables were compared
using one-way ANOVA. The Chi-square test
was used to analyze the difference between
proportions. The association between sub-
optimal glycemic control and insurance/DPP4-
| use status was tested by multivariate analysis
using binary logistic regression. A p-value of
less than 0.05 was considered statistically
significant.

Results

This study included 377 patients with
Ministry Insurance, 196 University DPP-4l
non-users and 94 University DPP-41 users.
Table 1 displays each patient group’s
demographic, clinical and other relevant
characteristics. The mean age of Ministry,
University DPP4-1 non-users and University
DPP-41 users was 59.6+11.5 (yrs), 57.8+11.9
and 57.848.9 respectively. There was no
significant difference in age between the three
groups. Insulin and metformin use was
significantly less common, and sulfonylurea
use more common, in the University DPP-41
users compared to the other patient groups.
Other baseline patient characteristics were not
significantly different between the three
patient groups.
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Table 1. Patient group demographic, clinical, and relevant characteristics (page 7)

Insurance Type
University DPP- | University DPP- Ministry
41 users 41 nonusers
Mean SD Mean SD Mean SD P-value

Gender, n (%) 014

Female 46 48.9 94 48.0 | 224 59.4

Male 48 51.1 102 52.0 | 153 40.6
Age (yrs) 57.8 8.9 57.8 119 |59.6 115 119
Duration of diabetes in years | 7.1 4.1 8.5 8.0 8.9 7.8 118
SBP (mm Hg) 133.9 14.9 128.7 19.4 | 1331 |20.3 021
DBP (mm Hg) 75.0 9.7 73.5 104 | 734 10.0 .369
TC (mmol/L) 169.0 40.7 165.9 354 | 171.7 |47.0 .357
LDL (mmol/L) 98.0 33.1 96.3 29.9 994 37.9 .603
HDL (mmol/L) 44.5 23.3 43.5 12.3 | 42.7 12.2 675
TG (mmol/L) 164.1 79.4 153.4 90.8 | 161.0 |101.7 |.678
Drug use, n (%)

Insulin 23 24.5 76 38.8 | 171 46.0 .001

Biguanides 68 72.3 172 87.8 | 310 83.3 .005

Sulfonylureas 49 52.1 48 245 | 126 33.9 .000

Statins 90 96.8 169 87.1 | 311 83.8 .004
Body mass index (BMI) 153

Normal 10.0 10.8 25.0 12.8 | 28.0 7.6

Overweight 36.0 38.7 74.0 37.8 |126.0 |34.1

Obesity 47.0 50.5 97.0 495 | 216.0 | 584
HbAlc 0.003

Controlled (<7%) 26 27.7 95 48.5 | 149 40.1

Not controlled>7% 68 72.3 101 515 | 223 59.9

DBP, diastolic blood pressure; DPPA4l, Ministry group (P value = 0.003).

dipeptidyl peptidase 4 inhibitors; HDL, high
density lipoprotein; Ministry, LDL-C, low
density lipoprotein cholesterol; Ministry of
Health; SBP, systolic blood pressure; TG,
triglycerides.

The rate of sub-optimal glycemic control
(HbAlc level >7%) was 72.3% in the
University DPP-41 wusers, 51.5% in the
University DPP-4l non-users and 59.9% in the
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In the multivariate analysis, after adjusting
for relevant factors (Table 2), the University
DPP-41 users were significantly more likely to
have sub-optimal glycemic control compared
to patients in the Ministry group (OR = 2.4
[1.4-4.1]; p=0.002). No significant difference
in glycemic control was observed between
patients in the Ministry group (all DPP-41 non-
users) and the University DPP-41 non-users.
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Table 2. Adjusted association between insurance and poor glycemic control

OR 95% confidence interval p-value

Duration of DM 1.01 1.01 1.1 .005
Insulin use 3.6 2.3 5.6 .000
Sulfonylureas 2.9 2.0 4.4 .000
Insurance
University DPP-41 users 2.4 1.4 4.1 .002
University DPP-41 non-users 0.9 0.6 1.3 571
Ministry 1.0
Body mass index

Normal

Overweight 1.7 1.1 3.2 .046

Obesity 1.3 0.7 2.4 344

DM, Diabetes Mellitus; DPP-41, dipeptidyl
peptidase 4 inhibitors; OR, odds ratio.

In order to delineate whether the difference
in glycemic control was the DPP-4l use status
or purely an effect of different insurance-
schemes the same analysis was applied to two
reallocated patient groups; the DPP-4l group
(N=97) and the No DPP-41 group which was a

combination of University and Ministry
Insurance patients (N=570). The baseline
demographic and clinical characteristics for
these groups are shown in Table 3 and Table 4.
Again the rate of sub-optimal glycemic control
is significantly higher in the DPP4-1 group
(Table 4).

Table 3. DPP-41 Group Statistics

DPP4l | N Mean Std. Deviation | Std. Error Mean | P value

HbAlc (%) No 570 | 7.6570 1.62795 .06789 126
Yes 97 | 7.9311 1.18915 12535

Age (years) No 570 | 59.3865 | 11.10765 46242 .230
Yes 97 |57.9111 | 8.92874 94117

BMI (kg/m?) No 570 | 31.3042 | 5.67926 .23643 .206
Yes 97 |30.4991 | 5.13203 .54096

DM duration (yrs) | No 570 | 8.7766 7.82851 .32591 072
Yes 97 | 7.2556 4.21157 44394

SBP (mmHg) No 570 | 131.3258 | 20.07628 .83579 .235
Yes 97 | 133.9556 | 15.59308 1.64365

DBP No 570 | 73.3137 | 10.05439 41857 175

(mmHg) Yes 97 | 74.8556 | 9.77794 1.03069

LDL No 570 | 98.7730 | 35.10098 1.46127 .865

(mg/dl) Yes 97 |99.4444 | 33.66561 3.54867
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Table 4. Use of different antidiabetic drug therapy by DPP-41 therapy group

DPP-41 users | DPP-41 nonusers | Total
Insulin No N 73 314 387
% 75.3% 55.1% 58.0%
Yes N 24 256 280
% 24.7% 44.9% 42.0%
Metformin | No N 25 94 119
% 25.8% 16.6% 17.9%
Yes N 72 476 548
% 74.2% 83.4% 82.1%
SuU No N 47 401 448
% 48.5% 70.4% 67.2%
Yes N 50 169 219
% 51.5% 29.6% 32.8%
Statins No N 13 106 119
% 13.4% 18.6% 17.8%
Yes N 84 464 548
% 86.6% 81.4% 82.2%
HbA1C <7% | Count 27 224 251 0.000
% within DPP4I | 27.8% 39.3% 37.6%
7%+ | Count 70 346 416 0.000
% within DPP4I | 72.2% 60.7% 62.4%

BMI, Body mass index; DBP, diastolic blood
pressure; DM, Diabetes Mellitus; DPP4l,
dipeptidyl peptidase 4 inhibitors; HbAlc,
Glycosylated haemoglobin; LDL, low density
lipoprotein; N, number; SBP, systolic blood
pressure.

DPP4l, dipeptidyl peptidase 4 inhibitors;
HbAlc, Glycosylated haemoglobin; N,
number; SU, sulfonylureas.

The total number of hypoglycemic episodes
in DPP-41 users and non-users were 2 and 13
respectively, this difference being not
significant (P value = 0.625). Of those
episodes, 2 were severe hypoglycemic
episodes in the DPP-41 non-users, whereas
DPP-41 users reported no severe hypoglycemic
episodes (P value = 0.730). In the whole study
sample, there were no episodes of NKHS. One
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episode of DKA was reported in the DPP-41
non-users.

The mean systolic blood pressure (SBP)
was significantly lower in the University non-
DPP4-1 users (Table 1).

Discussion

The discovery of the DPP-4 enzyme in
1966 led to the development of the first DPP-
41 in 2006 [15,16]. Since then at least 11 DPP-
41 have been approved for medical use.
Incretin-based therapies, which include DPP-
41 and GLP1 agonists, have been attractive to
both clinicians and patients because of their
unique glucose-dependent insulinotropic and
glucagoneostatic effects [17, 18, 19]. As such,
incretin-based therapies have consistently
demonstrated beneficial effects on glycemic
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control as well as on B-cell function, gastric
emptying and appetite [17]. Furthermore, in
comparison sulfonylureas, DPP-41 have been
characterized by reduced hypoglycemic
episodes and a neutral effect on weight [20].
However, DPP-41 are more expensive, which
make them less available to many patients
[21].

To our knowledge, no previous data in the
English literature has examined the impact of
DPP-41 availability on T2DM glycemic
control in the clinical setting. Due to the high
cost of this class of antidiabetic medication,
our study results may assist local health
authorities in deciding whether to adopt such
medications into their available drug lists. This
is especially true of countries with limited
economic resources.

Our data demonstrated that there was no
benefit to glycemic control in DPP-41 users
compared to DPP-41 non-users. To the
contrary, there was worse glycemic control in
DPP4-1 users as indicated by the Ilower
percentage of patients who achieved optimal
glycemic control (HbAlc < 7%) (P 0.003).
Furthermore, there was a trend toward inferior
glycemic control in DPP-41 users, as indicated
by the elevation in mean HbA1c level in these
patients, however the mean HbAlc difference
between DPP-41 users and non-users was not
statistically significant (P 0.254).

The cause for these unexpected negative
trends is not readily apparent. The mean age of
each  patient group was comparable.
Furthermore, it is unlikely that obesity caused
this trend as the mean BMI scores were
significantly higher in patients in the Ministry
group who were not using DPP4l, which
should presumably worsen glycemic control,
not improve it. In addition the issue of DPP-I
drug noncompliance is a potential cause for
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these results, this issue was addressed by direct
questioning of the study subjects regarding
compliance with their medications, and by
reviewing pharmacy records for drug refills.

Lastly, patients early in their diabetes
course tend to have better glycemic control;
however the mean duration of diabetes in each
patient group was statistically comparable.

Some studies have demonstrated that
diabetic women reach their targets of glycemic
control (HbAlc), blood pressure and LDL-
cholesterol less often than their male
counterparts, although the cause for this is
unclear [22]. In our population there were
significantly more women in the Ministry
group compared to the University groups,
however the proportion of women in the
University DPP-41 users and non-users was
comparable. Hence it is unlikely that female
sex caused the observed difference in our
population's glycemic control results, as the
Ministry group achieved a higher rate of
optimal glycemic control despite having
significantly more women in the group.

Our data shows that patients on DPP-4l
were prescribed sulfonylureas much more
commonly, and insulin less commonly, when
compared to DPP-41 non-users (Table 3). This
difference suggests that the cause for the DPP-
41 users having inferior glycemic control is a
physician-factor, namely that there may be a
delay in the initiation of insulin therapy if
DPP-41 are available to the patient. This factor
may be further exacerbated by patients'
hesitation to start insulin therapy [23].

In regard to other glycemic outcomes of
this study, several studies have reported
reduced rates of hypoglycemic episodes
associated with DPP-41 use compared to
sulfonylureas [6,7,8,9] However, our data did
not show a significant difference in the rate of
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hypoglycemic episodes between DPP-41 users
and non-users. This may be attributed to the
effect of the concomitant use of other anti-
diabetic medications in the studied groups.
However it may also be due to under powering
to detect a significant difference in
hypoglycemic episodes (relatively rare events).
Similarly, there was no significant difference
among the studied groups in the rate of DKA
and NKHS, and similar causes of this non-
significance may apply.

Our analysis also revealed a significant
SBP disparity between the studied groups,
with SBP being significantly lower in the
University DPP-41 non-users (p-value=0.021)
compared to the University DPP-41 users and
Ministry groups. The cause for this SBP
difference is not readily apparent as patient
characteristics, such as age and length of
diabetes, was comparable between the three
groups. The effect of DPP-41 on blood
pressure has not yet been clearly defined
[24,25] though DPP-41 use is unlikely to
explain the SBP difference between the two
groups as the reduced SBP was in University
DPP4-1 non-users. In this study, we did not
specifically analyze the anti-hypertensive
regimens of patients across all groups as this
was not within the primary aim of the study.

To the best of our knowledge, we believe
that this is the first study which addresses the
effect of the availability of DPP-41 on
glycemic control and the rate of acute
complications of T2DM including
hypoglycemia, DKA and NKHS. However,
limitations include the small number of DPP-
41 users and the non-randomised nature of this
study.

Conclusion
In the studied population we were unable to
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detect a significant beneficial effect for
glycemic control based on the availability of
DPP-41. On the contrary the DPP-41 users had
worse glycemic control outcomes compared to
non-users. There were no significant
differences in the rates of hypoglycemia, DKA
or NKHS between the DPP-41 users and non-
users.

Future studies with a larger population size,
specifically with more DPP4-1 users, may be
needed to clarify this negative correlation
between glycemic control and unavailability of
DPP-41. The SBP difference between DPP-4i
and insurance groups also requires a detailed
examination. These differences may be due to
different antihypertensive medication
availability from different insurance providers
or it may be due to other unidentified factors in
the studied population.

Abbreviations

BMI Body Mass Index

DKA Diabetic Ketoacidosis

DM Diabetes Mellitus

DPP-4 Dipeptidyl Peptidase-4

DPP-41 Dipeptidyl Peptidase-4 Inhibitor
GLP1 Glucagon Like Peptide-1

HbA1C Glycosylated Hemoglobin

JUH Jordan University Hospital

LDL Low-Density Lipoprotein

NKHS Nonketotic Hyperosmolar Syndrome
SBP Systolic Blood Pressure

T1DM Type 1 Diabetes Mellitus
T2DM Type 2 Diabetes Mellitus.
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