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At present, whether sitagliptin has sex-related differences in effect on atherosclerosis in type 2 diabetes mel-
litus (T2DM) patients is unknown. The purpose of this study was to investigate whether there is sex-related
difference in the effect of sitagliptin on atherosclerosis in T2DM patients.

In the PROLOGUE trial, 222 patients were allocated to the sitagliptin group and 220 patients were allocated to
the conventional group. Carotid artery intima-media thickness (IMT) was assessed at baseline, 12 months, and
24 months.

In male patients, sitagliptin significantly reduced the mean IMT (0.84+0.41 mm vs 1.02+0.67 mm, P=0.013) and
the maximum IMT (1.14+0.59 mm vs 1.3940.88 mm, P=0.016) in the right internal carotid arteries (ICA) com-
pared to the conventional group at 12 months. Similarly, sitagliptin significantly reduced the maximum IMT
(1.0940.52 mm vs 1.28+0.77 mm, P=0.049) in the right ICA compared to the conventional group at 24 months,
but no difference was found in the mean IMT in the right ICA between groups at 24 months. In female pa-
tients, sitagliptin significantly reduced the mean IMT (1.01+0.47 mm vs 1.23+0.51 mm, P=0.049) and the max-
imum IMT (1.39+0.65 mm vs 1.71+£0.77 mm, P=0.042) in the right bulb compared to the conventional group at
12 months. However, the group differences were not observed in mean IMT and maximum IMT at 24 months.
Our results suggest that sitagliptin slows the progression of right carotid IMT in male patients. However, more
research is needed to validate this finding in female patients.
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T2DM - type 2 diabetes mellitus; IMT — intima-media thickness; ICA — internal carotid arteries;

CHD - coronary heart disease; IS — ischemic stroke; DPP-4 — Dipeptidyl peptidase-4; GLP-1 — glucagon-

like peptide-1; GIP — gastric inhibitory polypeptide; RCT — randomized controlled trial; HbAlc - glycosyl-
ated hemoglobin; CCA — common carotid arteries; OR — odds ratio; Cl — confidence interval; WC — waist

circumference; SDP — systolic blood pressure; DBP — diastolic blood pressure; PR — pulse rate;

FPG - fasting plasma glucose; HMWA - high-molecular-weight adiponectin; LD — lactic dehydrogenase;

HDL-cholesterol - high-density lipoprotein cholesterol; TG - triglyceride; small DLD-cholesterol — small

dense low-density lipoprotein cholesterol; RLP-cholesterol — remnant-like particle cholesterol;

MMDLI - malondialdehyde-modified low-density lipoprotein; AST — aspartate aminotransferase;

ALT - alanine aminotransferase; BUN — blood urea nitrogen; eGFR — estimated glomerular filtration rate

Trial registration: UMIN0O00004490
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Background

Atherosclerosis [1-3] is a chronic non-infectious inflammation
of the arterial wall. Previous studies have shown that cardio-
vascular [4,5] and cerebrovascular [6,7] diseases caused by ath-
erosclerosis are some of the leading causes of death in devel-
oped and developing countries. In China, atherosclerosis has
become one of the main causes of death [8,9]. Atherosclerosis
is caused by a variety of factors, including endothelial cell in-
jury, dyslipidemia, diabetes, hypertension, and chronic inflam-
mation. Among these factors, type 2 diabetes mellitus (T2DM)
is a critical risk factor for atherosclerosis [10-12]. There is clin-
ical evidence showing higher risk of coronary heart disease
(CHD) [13] and ischemic stroke (IS) [14] in T2DM patients than
in patients with a single disease. Therefore, the main focus of
research has been to determine ways to delay or reduce the
degree of atherosclerosis in T2DM patients.

Dipeptidyl peptidase-4 (DPP-4) inhibitor [15,16] is a new ther-
apeutic drug for the treatment of diabetes. It can elevate the
activity of endogenous glucagon-like peptide-1 (GLP-1) and
gastric inhibitory polypeptide (GIP), promote the release of
insulin by islet B cells, and restrain the excretion of glucagon,
thus causing an increase in insulin concentration and a drop
in blood glucose. Sitagliptin, one of the inhibitors of DPP-4 in-
hibitors, has been widely assessed in previous studies [17,18].
However, whether sitagliptin can effectively delay the progres-
sion of atherosclerosis in T2DM patients and thus reduce car-
diovascular events remains controversial. Some previous stud-
ies have found that sitagliptin does not improve the degree of
atherosclerosis in T2DM patients [19,20], nor reduce the risk
of cardiovascular events [21,22]. On the contrary, some other
studies have supported the benefits of sitagliptin in T2DM pa-
tients [23-25]. It is likely that these conflicting results are due
to sex-related differences, since males and females have dif-
ferent levels of hormone secretion (eg, androgens, estrogens,
and progestins), which could potentially impact the effective-
ness of sitagliptin treatment in T2DM patients. In addition,
there have been no studies reporting sex-related differences
in the effect of sitagliptin on carotid artery IMT. Therefore, the
objective of our study was to re-analyze the PROLOGUE study,
and explore whether sex-related differences impact the effec-
tiveness of sitagliptin treatment in patients with T2DM [19].

Material and Methods

We obtained all data analyzed in this study from an open da-
tabase (datadryad: https://datadryad.org/stash). Datadryad is
a non-profit database that allows researchers to download the
data for free, for the purpose of verifying the accuracy of the
results or conducting different statistical analysis based on dif-
ferent research assumptions. For this study, we downloaded
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the data from the PROLOGUE trial [19] (Oyama, Jun-ichi et al
(2017), Data from: The effect of sitagliptin on carotid artery
atherosclerosis in Type 2 Diabetes: the PROLOGUE randomized
controlled trial, Dryad, Dataset, https://doi.org/10.5061/dryad.
qt743). The detailed results of the PROLOGUE study have been
described in previous studies [19,25]. In brief, PROLOGUE is a
multicenter, prospective, randomized clinical trial conducted in
48 institutions in Japan. The study recruited 463 T2DM patients
treated in 48 institutions between June 2011 and September
2012 [19]. The participants were >30 years old, with glycated
hemoglobin (HbA1c) ranging from 6.2% to 9.4%. Exclusion cri-
teria were: patients with type 1 diabetes, patients with severe
heart failure (NYHA >IIl grade), patients who had been treated
with DPP-4 inhibitors and/or GLP-1 analogs, patients with se-
vere renal insufficiency, pregnant patients, and patients with-
out informed consent. Other details of inclusion and exclusion
criteria have been described in previous studies [19,25]. Based
on the inclusion and exclusion criteria, 442 participants were
finally included in the study. The participants were random-
ly assigned to the sitagliptin group (n=222, 25-100 mg/d) or
the conventional group (n=220) in a 1: 1 ratio. The sitagliptin
group included 146 male participants and 76 female partici-
pants, while the conventional group include 151 male partici-
pants and 69 female participants. Since this study was a sec-
ondary analysis of a prior study, no informed consent of patients
or approval certificate by an ethics committee was necessary.

Endpoints

The primary endpoint of our current study included changes
in the mean IMT in the right and the left common carotid ar-
teries (CCA), the mean IMT in the right and the left bulb, the
mean IMT in the right and the left internal carotid arteries (ICA),
the maximum IMT in the right and the left CCA, the maximum
IMT in the right and the left bulb, and the maximum IMT in the
right and the left ICA. The primary endpoints were measured by
high-resolution carotid ultrasonography at baseline, 12 months,
and 24 months by expert sonographers trained in the measure-
ment of carotid IMT, as described in Oyama et al [19]. In addi-
tion, all ultrasonic systems were equipped with more than 7.5
MHz linear sensors. The secondary endpoints included weight,
waist circumference (WC), systolic blood pressure (SDP), diastol-
ic blood pressure (DBP), pulse rate (PR), HbAlc, fasting plasma
glucose (FPG), 1,5-anhydroglucitol,1,4-anhydro-D-glucitol, high-
molecular-weight adiponectin (HMWA), lactic dehydrogenase
(LD), high-density lipoprotein cholesterol (HDL-cholesterol), tri-
glyceride (TG), small dense low-density lipoprotein cholesterol
(small DLD- cholesterol), remnant-like particle cholesterol (RLP-
cholesterol), malondialdehyde-modified low-density lipoprotein
(MMDLI), aspartate aminotransferase (AST), alanine aminotrans-
ferase (ALT), blood urea nitrogen (BUN), serum creatinine, esti-
mated glomerular filtration rate (eGFR), cystatin C, and urinary
albumin/creatinine ratio, and were measured at 24 months.
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Table 1. Baseline characteristics of male participants.

Characteristic

Coronary artery bypass grafting, N (%)

Sitagliptin group

15 (10.27%)

CLINICAL RESEARCH

Conventional group P-value

15 (9.93%)

Statistical Analysis

The Shapiro-Wilk test was used to judge the normality of con-
tinuous variables. In this study, we first divided all participants
into 2 groups based on sex, and then explored the effect of si-
tagliptin on carotid atherosclerosis in T2DM patients. We used
mean and standard deviations to represent normally distrib-
uted continuous variables, and used the independent-samples
t test or repeated measures variance to compare differences
between groups when appropriate. Continuous variables with-
out normal distribution are presented as median (IQ) range,
and the Mann-Whitney test or Kruskal Wallis test was used
to compare differences between groups. We expressed cate-
gorical variables by numbers and percentages, and used the
chi-square test to compare differences between groups. We
used odds ratios (OR) with 95% confidence interval (Cl) to ex-
press the difference between groups. P value <0.05 was con-
sidered statistically significant (2-sided) difference. We used
SPSS 24.0 statistical software and R software (version 3.6.2)
for statistical analysis.

Results

Baseline Characteristics of Male Participants

Table 1 shows the baseline characteristics and baseline lab-
oratory information for male participants. The average age
of participants in the sitagliptin and the conventional group
was 68.21+9.22 years and 68.66+9.24 years, respectively. No
significant differences were observed in height, weight, SBP,
DBP, HbA1c, FPG, serum creatinine, eGFR, mean IMT in the
right and the left CCA, mean IMT in the right and the left bulb,
mean IMT in the right and the left ICA, maximum IMT in the
right and the left CCA, maximum IMT in the right and the left
bulb, maximum IMT in the right and the left ICA, plaque area,
plaque gray-scale median, and history of medication and dis-
eases between the 2 groups (all P>0.05).

Baseline Characteristics of Female Participants
Table 2 shows the baseline characteristics and baseline lab-

oratory information for female participants. The average age
of participants in the sitagliptin group and the conventional
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Table 2. Baseline characteristics of female participants.

Characteristic

Coronary artery bypass grafting, N (%)

Sitagliptin group

4 (5.26%)
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Conventional group P-value

1 (1.45%)

group was 71.04+9.10 years and 71.35+8.83 years, respective-
ly. Similar to male participants, no significant differences were
observed in height, weight, SBP, DBP, HbA1c, FPG, serum creat-
inine, eGFR, mean IMT in the right and the left CCA, mean IMT
in the right and the left bulb, mean IMT in the right and the left
ICA, maximum IMT in the right and the left CCA, maximum IMT
in the right and the left bulb, maximum IMT in the right and
the left ICA, plaque area, plaque gray scale median, and history
of medication and diseases between the 2 groups (all P>0.05).

Comparison of Atherosclerotic Parameters in Male
Participants at 12 Months and 24 Months

Our results show that in male patients, sitagliptin significantly
reduced mean IMT (0.84+0.41 mm vs 1.02+0.67 mm, group dif-
ferences: -0.19, -0.34 to -0.04) (Figure 1A) and maximum IMT
(1.14+0.59 mm vs 1.39+0.88 mm, group differences: -0.25, -0.45
t0 -0.05) in the right ICA (Figure 1B) compared to the convention-
al group at 12 months. Similarly, sitagliptin also significantly re-
duced maximum IMT in the right ICA (1.09+0.52 mm vs 1.28+0.77
mm, group differences: -0.19, -0.37 to -0.00) (Figure 1C) com-
pared to the conventional group at 24 months, but showed no

difference in the mean IMT in the right ICA between the groups
at 24 months. For other atherosclerosis parameters, no differ-
ence was found between groups (all P>0.05) (Table 3).

Comparison of Atherosclerotic Parameters in Female
Participants at 12 Months and 24 Months

For female patients, our results also showed that sita-
gliptin significantly reduced the mean IMT (1.01+0.47 mm vs
1.2340.51 mm, P=0.049) and the maximum IMT (1.39+0.65 mm
vs 1.71+0.77 mm, P=0.042) in the right bulb compared to the
conventional group at 12 months (Figure 2). However, the
difference between these 2 indexes was not significant at 24
months. Similarly, no significant difference was noted for oth-
er atherosclerosis indicators (all P>0.05) (Table 4).

Comparison of Blood Lipid, Blood Glucose, and Other
Indexes in Male Participants at 24 Months

Our results found that in male patients, sitagliptin did not re-
markably reduce the levels of blood lipids and blood glucose
in the diabetic patients compared to the control group. Blood
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Figure 1. Male patients. (A) Comparison of mean IMT in the right ICA between the 2 groups at 12 months. (B) Comparison of
maximum IMT in the right ICA between the 2 groups at 12 months. (C) Comparison of maximum IMT in the right ICA
between the 2 groups at 24 months.

Table 3. Comparison of atherosclerotic parameters at baseline, 12 months, and 24 months in male participants.

Variables Time point Sitagliptin group Conventional group P-value
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Table 3 continued. Comparison of atherosclerotic parameters at baseline, 12 months, and 24 months in male participants.

Variables Time point Sitagliptin group Conventional group P-value
Mean IMT in the left ICA, mm At baseline 0.78+0.30 0.83+0.42 0.259
 Mean IMT in the right ICA mm 2months 08404l 102067 0013
 Mean IMTin the left ICA, mm 12months 0861043 088048 0858
 Mean IMTinthe right ICA mm  24months 0802038  091:057 0107
 Mean IMTinthe leftICA, mm  24months 0748035  079:042 0390
 MaxIMTintheright CCA mm  Atbaseline 1048025 - 1081028 0223
 MaxIMTintheleft CCAmm  Atbaseline 1074028 - 1135037 0105
| MaxIMTin the right CCA, mm Lmonths 1031026 1075027 0265
| MaxIMTintheleft CCA mm | 2months 1081028 1065028 0570
| MaxIMTintheright CCA mm  24months 1058027 1075029 0577
 MaxIMTintheleft CCAomm  24months 1068025 1095032 0440
 MaxIMTintherightbulb,mm  Atbaseline 153073 1635077 0296
 MaxIMTintheleftbub,mm  Atbaseline 1502069 - 166:078 0450
| MaxIMTinthe right bulb, mm 2months  1se072 1641081 0459
| MaxIMTinthe left bulb, mm | 2months 1631080 163:070 0976
 MaxIMTintherightbulb, mm  24months 160073 - 1612077 0927
 MaxIMTintheleftbub,mm  24months 171084 - 1661063 0568
 MaxIMTintheright(CA mm  Atbaseline 1162060 - 1115053 0523
 MaxIMTintheleftiCA mm  Atbaseline  105:041 - 1121058 0259
| MaxIMTinthe right ICA mm Lmonths  L14s059 139088 0016
| MaxIMTintheleftICA mm Lmonths  Ligsoel 1235074 0602
| MaxIMTintheright(CA mm  24months 1091052 1285077 0049
 MaxIMTintheleftiCA mm  24months  101:045 1105057 0221
Plaquearea,mm2  Atbaseline 1461604 128541059 0294
Plague gray scale median  Atbaselne 499411895 | 527542345 0379
Plaquearea, mm? 12months 12721600 1267541 0968
Plaguearea,mm®  24months 1268645 11321552 0189
Plaque gray scale median | 12months 594513173 521841887 0312
Plaque gray scale median 24 months 521582756 532611964 0287

lipid and blood glucose-associated indices included high-densi- dehydrogenase, AST, ALT, BUN, serum creatinine, eGFR, cys-
ty lipoprotein cholesterol, triglyceride, small dense low-density tatin C, urinary albumin/creatinine ratio, and uric acid (Table 5).
lipoprotein cholesterol, remnant-like particle cholesterol, malo-

ndialdehyde-modified low-density lipoprotein, HbAlc, and fast- Comparison of Blood Lipid, Blood Glucose, and Other

ing plasma glucose, except for high-molecular-weight adiponec- Indexes in Female Participants at 24 Months

tin. Similarly, there were no significant inter-group differences

in other indicators, including weight, waist circumference, SBP, Our results demonstrated that sitagliptin significantly improved
DBP, pulse rate, 1,5-anhydroglucitol,1,4-anhydro-D-glucitol, lactic HbA1c levels in female participants compared to the control
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Figure 2. Female patients. (A) Comparison of mean IMT in the right bulb between the 2 groups at 12 months. Figure (B) Comparison of
maximum IMT in the right bulb between the 2 groups at 12 months.

Table 4. Comparison of atherosclerotic parameters at baseline, 12 months, and 24 months in female participants.

Variables Time point Sitagliptin group Conventional group P-value

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) €938030-7




CLINICAL RESEARCH

Wu X. et al:
Sex-related differences in sitagliptin treatment
© Med Sci Monit, 2022; 28: €938030

Table 4 continued. Comparison of atherosclerotic parameters at baseline, 12 months, and 24 months in female participants.

Variables

Time point

Max IMT in the left CCA, mm 24 months

Max IMT in the right bulb, mm 12 months
 Max IMTinthe leftbulb,mm  12months
| Max IMTinthe right bulb, mm ~ 24months
Max MTinthe leftbulo, mm  24months

Max IMT in the right ICA, mm 12 months
Max IMTinthe leftIcA, mm  12months
Max IMTinthe right CA mm  24months
CMax IMTinthe leftiCA, mm  24months

Plaque area, mm? 12 months
Plaquearea,mm*  24months
Plague gray scale median  12months
Plague gray scale median  24months

Sitagliptin group Conventional group P-value
1.04+0.25 1.04+0.27 0.989

162101 160t065 o 0ged
162:080  149:080 0367
139s065 171077 0042
161:094 1661083 1 0802
163088 1712070 0628
1s9s081 171096 0515
093040 1001044 1 0374
og2028 0981053 0485
© 105:044  1l0s058 0685
1208059 1091050 o 0357
0941035 106072 038
o97:049 108057 0360
117:944 0241431 0212
527912826 518111733 | 0842
12661934 1731407 o 0668
1086681 10304405 o 0668
547734066 755745351 0203
431900 5181:1985 o 0096

group (6.52+0.50 vs 6.83+0.82, P=0.010). However, sitagliptin
had no impact on blood lipid levels between the groups. Blood
lipid-associated indices included high-molecular-weight adipo-
nectin, high-density lipoprotein cholesterol, triglyceride, small
dense low-density lipoprotein cholesterol, remnant-like particle
cholesterol, and malondialdehyde-modified low-density lipopro-
tein. Similarly, sitagliptin also had no significant impact on ei-
ther group for other indicators, including weight, WC, SBP, DBP,
pulse rate, FPG, 1,5-anhydroglucitol,1,4-anhydro-D-glucitol, lac-
tic dehydrogenase, AST, ALT, BUN, serum creatinine, eGFR, cys-
tatin C, urinary albumin/creatinine ratio, and uric acid (Table 6).

Discussion

To the best of our knowledge, our study is the first to analyze
a randomized controlled trial to investigate sex-related differ-
ences in sitagliptin treatment in carotid atherosclerosis in T2DM
patients based on the PROLOGUE trial [19]. The main results
of this study are as follows: (1) for male patients, sitagliptin
slows the progression of right carotid IMT in male patients at

both 12 and 24 months. However, this effect of sitagliptin ap-
pears to be pronounced only in the right ICA, but this influ-
ence was not found in other vessels. In terms of blood glucose
and blood lipids, sitagliptin only reduced the level of HMWA
and had no significant effect on HDL-cholesterol or HbAlc or
FPG. (2) For female patients, sitagliptin could also significant-
ly delay the progression of atherosclerosis, but the effect only
occurred at 12 months and did not last until 24 months. This
effect seemed to be significant only on the right side of the
bulb, but this difference was remarkable in other blood ves-
sels. In addition, our results also show that sitagliptin signifi-
cantly reduced HbA1c levels at 24 months but had no signifi-
cant effect on blood lipids and renal function.

In clinical practice, IMT of the carotid artery is often measured
by ultrasonic examination [26,27], which then allows clinicians
to predict and estimate the risk of cardiovascular events and
stroke and to develop treatment strategies. Previous stud-
ies have shown a positive correlation between carotid artery
IMT and cardiovascular events [28,29], irrespective of wheth-
er the patients have cardiovascular disease or not. In addition,
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Table 5. Comparison of blood lipid, blood glucose, and other indexes in male participants at 24 months.

Variables Time point

1,5-anhydroglucitol,1,4-anhydro-D-glucitol

i) 24 months
* High molecular weight adiponectin (ug/ml) 24 months
lactic dehydrogenase (U)  24months
* High-density lipoprotein cholesterol (mg/dl) 24 months
Triglyceride (g/d)  24months
irr::;élsil:rr:)sle(rl:;dcllf)an5|ty lipoprotein 24 months
 Remnant-like particle cholesterol (mg/dl) 24 months
:\i/:);zlg::ti;l:(zﬂ)//ge-modified low-density 24 months
 Aspartate aminotransferase (U/)  24months
 Alnine aminotransferase (/) 24months
Blood ureanitrogen (mg/d)  24months
Serumcreatinine (mg/d)  24months
I(E;tll/Tnz?‘:j?.?l;r:n%rular filtration rate 24 months
CGystatinC(mgd)  24months
* Urinary albumin/creatinine ratio (mg/gCre) 24 months
CUricadid mol)  24months

Sitagliptin group Conventional group P-value

16.22+8.79 16.34+8.61 0.920
3.59+3.79 5.08+4.77 0.012
195.60+£39.23 209.07+87.72 0.126
49.59+13.35 51.21+14.55 0.360
151.25+89.20 132.45+75.07 0.071
35.33£17.10 37.24+20.62 0.462
5.10+3.90 5.44+5.03 0.586
121.44+36.31 120.69+41.67 0.888
26.26+14.40 27.42+16.70 0.554
25.08+16.24 25.27+16.58 0.924
16.90+5.39 18.414+6.90 0.055
0.98+0.31 0.98+0.30 0.885
63.88+17.55 63.65+17.60 0.915
1.0740.32 1.07+0.34 0.954
15.00 (6.15-38.75) 17.00 (7.90-24.80) 0.943
6.07+1.20 6.08+1.23 0.949

ultrasonic examination is non-invasive, making it a safe mea-
sure to assess cardiovascular events and stroke. For these rea-
sons, the American Heart Association assesses cardiovascular
risk by measuring carotid artery IMT, which is an important in-
dicator of cardiovascular risk [30]. The PROLOGUE study [19]
measured carotid artery IMT 3 times, and measured multiple
arteries, providing enough samples to show statistically sig-
nificant differences between the groups. Therefore, we had
valid reasons to use carotid artery IMT as the primary end-
point in this study.

Previous studies have demonstrated that the use of DPP-4 in-
hibitors in diabetes patients could significantly reduce the de-
gree of atherosclerosis [23-25] and better control the level of
blood glucose [31]. In addition, some clinical trials [32,33] sup-
ported the finding that DPP-4 inhibitors have beneficial ef-
fects on endothelial function in diabetes patients. However,
no prior study looked at the impact of sex-related differenc-
es on sitagliptin’s effect on atherosclerosis in T2DM patients.
In the present study, we compared the effect of sitagliptin on
atherosclerosis between male and female diabetes patients.
The results showed that sitagliptin delayed the progression of
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Table 6. Comparison of blood lipid, blood glucose, and other indexes in female participants at 24 months.

Variables Time point Sitagliptin group Conventional group P-value

1,5-anhydroglucitol,1,4-anhydro-D-glucitol

et 24 months 16.95+8.80 14.5247.94 0.135
i e el (k) Zowends 5408343 6005545 0428
eteddvdeeee ) Pawmals 2024614214 2159743776« 0078
ity o dilesel (), hmenie 566761266 5830:1578 0531
Trigyceride (mg/d)  24months  11425:51.09  130.89£7005 ¢ 0135

f&?g;:gﬁrfgi‘;nsny lipoprotein 24 months 30.41+16.28 35.05+18.98 0.174
 Remnant.like particle cholesterol (mg/dl)  24months | 427:234 . 4814304 o 0305

G’;ﬂg:ﬂ;‘:iﬂ’/’ge'm°diﬁ6d low-density 24 months 109.10435.20 117.49+38.43 0.237
e e @0 Mmenis 2024578 247341026 0225
et Dneids 18.53:690 216841437 0117
st wE e Ay, hmwiie 17794554 18.06:804 0826
Sweestte@mey 000 Zpeds 0726022 | 071021 0720

(E:qtli/"rzs‘i.??':‘nf;“lar filtration rate 24 months 65.53+18.99 67.02+20.38 0.675
GstatinC(mg) 2amonths | 109:030 098023 0120
Wity e e G ementE 18.05(1103-29.60)  18.10 (10.68-92.13) 0441
Uricacid(umot)  2amonths [ s28:140 s11:160 0577

atherosclerosis in male patients, with benefits significant at both
12 and 24 months. On the other hand, in female patients, sita-
gliptin delayed the progression of atherosclerosis, but with ben-
efits only significant at 12 months. The PROLOGUE study [19]
found no evidence to support the effectiveness of sitagliptin in
delaying atherosclerosis in diabetic patients. However, it should
be emphasized that in the PROLOGUE study, the authors did
not stratify the study groups based on sex; therefore, the re-
sults reflected the effectiveness of sitagliptin in all patients
overall. In addition, the PROLOGUE study did not distinguish
between changes in left and right carotid atherosclerosis. This

may potentially explain the discrepancies between the results
from the PROLOGUE study and our study. Our findings suggest
that sitagliptin only significantly benefits the right ICA in male
patients and right bulb in female patients. One unanticipated
finding was that sitagliptin had different effects on different
carotid arteries, which is different from previous studies. In a
cohort study [34] of 1414 participants, the authors compared
the left and right carotid atherosclerotic plaques and assessed
the degree of carotid atherosclerosis using magnetic resonance
imaging (MRI). The results showed that the size and compo-
sition of the left and the right carotid atherosclerotic plaques
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were asymmetrically distributed. Left carotid plaque is prone
to intra-plaque bleeding (9.1% vs 5.9%), while right carotid
plaque is more prone to calcification (37.4% vs 31.6%). Similarly,
Katranas et al [35] also found that the left and the right coro-
nary arteries have significant differences in hemorheology and
geometric parameters. Therefore, we speculate that differenc-
es in anatomical structures or hemodynamics may also lead to
different effects of sitagliptin on different carotid atheroscle-
roses. Presently, there is no study directly clarifying the differ-
ence in carotid artery IMT between males and females treated
with sitagliptin. The possible mechanism is that the secretion
of estrogen and progesterone in postmenopausal women de-
creases, thus offsetting the benefits of sitagliptin treatment,
but this phenomenon does not exist in men. However, more
research is needed to further clarify this hypothesis.

Our study also found that there are sex-specific differences
in the effects of sitagliptin on blood glucose and blood lipids.
Sitagliptin reduced the level of high- molecular-weight adi-
ponectin in male patients, while it could only reduce HbAlc
levels in female patients. No significant differences were ob-
served in weight control, waist circumference, and renal func-
tion protection in males or females, which is contrary to the
previous results. In a retrospective cohort study [36] of 220
patients with type 2 diabetes, the authors found that weight
and HbA1c level decreased significantly after 6 months of si-
tagliptin treatment. Similarly, Kawasaki et al [37] investigat-
ed whether sitagliptin could improve renal function in dia-
betic patients, and found that the glomerular filtration rate
(B=0.20, P=0.024) and blood pressure (8=0.21, P=0.016) were
significantly improved after 3 months of sitagliptin treatment.
Possible explanations are as follows: (1) the sample size of the
PROLOGUE study is relatively larger than that of other stud-
ies, providing higher statistical power; (2) the follow-up time
of the PROLOGUE study was longer than that of other stud-
ies, which produces higher reliability; and (3) the PROLOGUE
study was a multicenter randomized controlled trial, suggest-
ing its wide applicability among populations.

Our study has several advantages. First, we explored sex-re-
lated differences in sitagliptin treatment in T2DM patients
for the first time, and showed that the effect of sitagliptin on
atherosclerosis in male T2DM patients is higher than that in
female T2DM patients, which suggests that sex-related dif-
ferences are cause different therapeutic effects. Second, we
used the parameters of multiple carotid arteries as the primary
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endpoint and found that sitagliptin had different effects on
different carotid arteries, which suggests that the appropri-
ate outcome should be selected in clinical research to re-
duce selection bias. This study also has some shortcomings.
First, the research object of this study was a Japanese pop-
ulation. Therefore, whether the conclusions are applicable to
other populations still needs to be assessed. Second, based
on the current data, we cannot explore the mechanism of si-
tagliptin only acting on some carotid arteries, nor can we ac-
curately analyze the reasons for the decrease of HbAlc level
without significant difference in the degree of atherosclero-
sis. Third, information on other drugs (eg, antidiabetic drugs,
insulin, statin) in the ROLOGUE study is lacking and may po-
tentially affect final conclusions. Fourth, we found a significant
difference in age between males and females (68.44+9.22 vs
71.19+8.94, P=0.003). However, it is important to note that
the difference in age between male and female was only 2.7
years. Although there was a significant difference in age be-
tween males and females, this small difference might not lead
to substantial changes in clinical practice. Fifth, we found that
sitagliptin significantly improved HbA1c levels in female pa-
tients after 24 months, but this phenomenon was not observed
in male patients. The possible reason is speculated to be re-
lated to the severity of diabetes and the underlying diseases
since the participants included in the PROLOGUE Trial basi-
cally did not have any diabetes-related diseases and had too
many underlying diseases. However, more studies are need-
ed to verify this conclusion.

Conclusions

Our results suggest that sitagliptin slows the progression of
right carotid IMT in male patients. However, more studies are
needed to confirm this conclusion in female patients.
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