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Abstract

Background and Aims: Studies have shown that dipeptidyl peptidase-4 (DDP-4) inhibitors
have anti-atherosclerotic effects. However, in the PROLOGUE study, sitagliptin failed to slow
the progression of carotid intima-media thickness (CIMT] relative to conventional therapy. We
conducted a post hoc analysis of the PROLOGUE study and compared the effects of sitagliptin
and conventional therapy on changes in CIMT in subgroups with or without hyperuricemia.
Methods: The PROLOGUE study was a randomized controlled trial of 442 patients with type

2 diabetes mellitus (T2DM). Patients were randomized to receive sitagliptin added therapy

or conventional therapy. Based on the serum uric acid levels of all study populations in

the PROLOGUE study, we divided them into hyperuricemia subgroup (n=104) and non-
hyperuricemia subgroup (n=331). The primary outcome was changed in carotid intima-media
thickness (CIMT) parameters compared with baseline during the 24 months treatment period.
Results: In the hyperuricemia subgroup, compared with the conventional therapy group, the
changes in the mean internal carotid artery (ICA]J-IMT and max ICA-IMT at 24 months were
significantly lower in the sitagliptin group [-0.233mm, 95% confidence interval (Cl) (-0.419 to
0.046), p=0.015 and -0.325mm, 95% CI (-0.583 to -0.068), p=0.014], although there was no
significant difference in the common carotid artery CIMT.

Conclusion: The results of our analysis indicated that sitagliptin attenuated the progression of
CIMT than conventional therapy in T2DM and hyperuricemia patients.
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Introduction

Diabetes mellitus (DM) and atherosclerosis are
common diseases that collectively threaten the
health of all humans. DM is a major risk factor for
developing atherosclerosis, and patients with DM
have a high risk of developing atherosclerotic car-
diovascular disease (CVD).!:2 CVD is one of the
leading causes of death in patients with DM, and
patients with DM have a worse prognosis of
comorbid CVD.3 Therefore, it is necessary to
identify high-risk groups as early as possible and

carry out active and effective interventions such
as diet, exercise, and medication to prevent fur-
ther progress of the cardiovascular disease in dia-
betic patients and improve their prognosis.

As one of the carotid ultrasound measurements,
carotid intima-media thickness (CIMT) is defined
as the distance between the lumen-intima and
media-adventitia interfaces of a carotid segment.*
Many longitudinal studies and meta-analysis
results have found CIMT to be an independent
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predictor of cardiovascular events.>-10 In patients
with DM or impaired glucose tolerance, their
CIMT tends to be higher than in healthy indi-
viduals.!! In addition, for DM patients, CIMT
has been reported to be one of the predictors of
the future development of nonfatal CAD.12-14

Sitagliptin is a dipeptidyl peptidase 4 (DPP-4)
inhibitor and a hypoglycemic drug.!®> The mecha-
nism of sitagliptin is mainly to prolong the dura-
tion of glucagon-like peptide-1 (GLP-1) by
inhibiting the activity of DPP-4 to achieve a stable
blood glucose level. In addition to glycemic con-
trol, several experimental studies have shown that
DPP-4 inhibitors also inhibit foam cell formation
and atherosclerosis.!®17 In clinical studies, the
anti-atherogenic effect of sitagliptin has also been
reported.18:19 However, several clinical trials have
shown that DPP-4 inhibitors do not affect cardio-
vascular  events.!>20:21  Results from the
PROLOGUE study have shown that sitagliptin
did not significantly attenuate the progression of
CIMT compared with conventional treatment.
Therefore, whether DPP-4 inhibitors can alleviate
atherosclerosis remains controversial clinically.

Hyperuricemia, similar to diabetes, may be influ-
enced by diet, lifestyle, and genetic factors. In
addition, hyperuricemia is also considered an
independent risk factor associated with athero-
sclerosis.?2 Although studies have shown that type
2 DM (T2DM) patients with high uric acid levels
have a higher risk of cardiovascular events.?3 But
the PROLOGUE study has not demonstrated
other clinical benefits of sitagliptin, and whether
sitagliptin has different effects on CIMT in
T2DM patients with hyperuricemia is unclear.
Thus, we conducted this study as a post oc analy-
sis of the PROLOGUE study to examine the
hypothesis that the effect of sitagliptin on CIMT
may be related to the presence or absence of
hyperuricemia.

Materials and methods

Study design

The present study is a post hoc analysis based on
data available from the PROLOGUE study. This
is a 24-month, multicenter, prospective, rand-
omized, open-label, and blind end-point trial
conducted between June 2011 and September
2012 (University hospital Medical Information

Network Center: ID 000004490).24 To assess the
effect of sitagliptin on CIMT, a total of 463
patients with T2DM were enrolled in the
PROLOGUE study during the study period, and
all patients were assigned randomly and equally
to either sitagliptin supplementation therapy (sit-
agliptin group) or to the conventional hypoglyce-
mic therapy (conventional group). Inclusion and
exclusion criteria are described more extensively
elsewhere.?* Carotid ultrasound parameters were
measured for all patients at the beginning of the
study and follow-up visits at 12 and 24 months.
The primary endpoint was the change in the
mean common carotid artery (CCA)-IMT at the
24th month. Other CIMT parameters, including
the internal carotid artery- (ICA-)IMT, were sec-
ondary endpoints. The study was approved by all
participating institutional review boards, and all
study participants gave informed consent.?* The
full study protocol can be found in previously
published research.?*

In this post hoc analysis, based on previous stud-
ies, we defined hyperuricemia as serum uric acid
levels =7.0mg/dl in men and =6.0mg/dl in
women.?>28 Serum uric acid levels were recorded
at the beginning of the study in 435 T2DM
patients in the PROLOGUE study, 104 of whom
were diagnosed with hyperuricemia and 331 with
non-hyperuricemia. After the subgroups were
divided, we compared the changes of various
parameters including CIMT at 12 and 24 months
after treatment in each group.

Measurement of CIMT

Carotid ultrasonography was performed within
1 month before the start of the study and at follow-
up visits at 12 and 24 months after randomiza-
tion. All ultrasound systems were equipped with
linear transducers of more than 7.5 MHz. In each
ultrasound laboratory, high-resolution carotid
ultrasonography was performed in a blinded fash-
ion by a specialized sonographer trained in CIMT
measurement with a standardized imaging proto-
col.2® The methods recommended by the
Mannheim consensus on carotid IMT were
used.3? Longitudinal B-mode images, perpendic-
ular to the ultrasound beam, with a 4-cm imaging
depth, were obtained from the distal CCAs,
bulbs, and proximal ICAs on both sides. CCA
images were obtained using lateral probe inci-
dence using an external landmark with an original
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semicircular protractor developed for this pur-
pose. In measured and calculated IMT, the pri-
mary parameter was the change in mean far wall
CCA-IMT in the left and right CCAs 10mm
from the bulb. In addition, the maximum IMT of
the CCA, the mean of the mean IMTs of the
CCA, bulb, and ICA, and the mean of the maxi-
mum IMTs of the CCA, bulb, and ICA were
measured.

Statistical analysis

For continuous variables that conform to the nor-
mal distribution, the mean * standard deviation
(SD) is used to represent and compared using a
Student’s ¢ test. Categorical variables were sum-
marized as frequencies (%) and differences were
compared using the chi-square test. To compare
changes in uric acid levels at different time points
in each treatment group, a repeated-measures
analysis of variance was used. We used analysis of
covariance, with the corresponding baseline
measured parameters as covariates, to assess the
baseline adjusted mean of each parameter. In
addition, mixed-effect models for repeated meas-
ures were used to account for the correlation.
Baseline IMT, treatment group, time (months),
and interaction between treatment group and
time (months) were treated as fixed effects; an
unstructured covariate was used to model the
covariance of within-subject variability.31:32 All
statistical analyses were conducted using the
SPSS Statistics Software for Windows, version
26.0; a two-tailed p value <0.05 was considered
statistically significant.

Results

Baseline clinical variables

Baseline clinical variables were similar between the
two subgroups, except that a modestly higher pro-
portion of patients in the hyperuricemia subgroup
had a history of kidney disease, cerebral infarction,
and chronic heart failure (Table 1). In addition,
serum creatinine and blood urea nitrogen, uric
acid, non-high-density lipoprotein cholesterol were
significantly higher and estimated glomerular fil-
tration rate lower in the hyperuricemia group than
in the non-hyperuricemia group (Table 1). Mean
CCA-IMT and Max CCA-IMT were significantly
higher in the hyperuricemia group than in the non
hyperuricemia group (Table 1). Among the differ-
ent treatment groups, the mean CCA-IMT

(0.797 £0.145 wersus 0.835%0.179, p=0.035)
and max CCA-IMT (1.013£0.188 wersus
1.078 = 0.245, p=0.007) were higher in patients
treated with conventional therapy than those with
added sitagliptin in the non-hyperuricemia sub-
group (Table 1), whereas in the hyperuricemia
subgroup, the mean CCA-IMT (0.921+0.186
versus 0.835 £ 0.228, p=0.038) was higher in the
added sitagliptin group than in the conventional
treatment group (Table 1).

Carotid ultrasound parameters and other

clinical data at 12 and 24 months

After 24 months of treatment, sitagliptin signifi-
cantly reduced HbAlc levels in patients with
non-hyperuricemia compared with conventional
therapy [—0.161 (95% confidence interval (CI)
—0.300 to —0.022, p=0.023)] (Table 2). The
changes in body mass index, systolic blood pres-
sure, diastolic blood pressure, non-high-density
lipoprotein cholesterol, and estimated glomeru-
lar filtration rate from baseline to 24 months
were not significantly different among the differ-
ent subgroups (All p>0.05). However, in the
hyperuricemia subgroup, the changes in serum
creatinine levels were significantly higher in the
sitagliptin group at 12 months [0.054, 95% CI
(=0.004 to 0.104), p=0.036], and the changes
in blood urea nitrogen levels were significantly
lower in the sitagliptin group at 24 months
[—2.682, 95% CI (—5.334 to 0.031), p=0.047]
(Table 2). In addition, there were no change dif-
ferences in serum uric acid levels between differ-
ent treatment groups in the hyperuricemia
subgroup and the non-hyperuricemia subgroup
(Table 2). However, the results of repeated
measures analysis of variance showed that the
serum uric acid levels of the two treatment
groups in the hyperuricemia subgroup were sig-
nificantly reduced at 12 and 24 months (Figure
1). And in non-hyperuricemia subgroup, serum
uric acid levels increased significantly at the 12th
month, and then decreased slightly at the 24th
month (Figure 1).

For carotid ultrasound parameters, although there
were differences in baseline mean CCA-IMT and
max CCA-IMT between sitagliptin and the con-
ventional therapy group in the non-hyperuricemia
subgroup (Table 2), there were no significant dif-
ferences in baseline-adjusted mean CCA-IMT
[0.009mm (95% CI —0.024 to 0.013, p=0.578)]
and max CCA-IMT [0.003mm (95% CI —0.029,

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

[panupuog)

0S€°0 90°'LE F 96 V€L 606'C7 + €T 6EL ¢08°07 +0¢0°LEL 9480 %8€°LE ¥ 002 V€L 018'SE +09¢€°Gel 9GE'9€ + 0€8'VEL 1/10Www ‘8s0omb ewseid bunse
L€9°0 9650+ 196'9 1S90+ €669 Y090+ 9L6'9 L0 Z1S0+286'9 7190 ¥ 0889 L9G°0 + 8889 yuadJad 0| yaH
9280 CLELLFYTL 76 0L FL9°CL GLL'LL+0E5°ZL 850°0 %GLZL ¥ 968'89 €2°0L ¥ LOL'EL C0ELLF09L°LL BH ww ‘aunssaud poo)q dnjojselq
G980 6€G°91 ¥ 88621 627'Gl + 85621 6L6'SL+0EL°62L 0900 LLG'GL +%58vZL 66191 ¥ 626°0€L 72791 ¥ 0€L°8CL BfH ww ‘aunssaud poo)q d1101sAg
10470 (L€L) e (ezL) o (oeL) ey 6€5°0 (£91)8 (71e) el (¢61) 0C (%) U ‘elwuyihyly
8Ly'0 (L'2) €l (5G) 6 «(9°9) CC G500 (0'sz) 2L (£oL)9 (es)sl (%) u "®dn)iey 1iesy dluoay)
G06°0 (€°8) 71 (08 el (¢'8) LT 2820 (taik4 (£oL)9 (L°L)8 (%) u ‘Bunyeab ssedAq A1aie Aleuolog
(%) u

LLL0 (6°€€) LS (0°L2) 7 (S0¢€) LOL %080 (622) LL (0°62) 71 (0v2) 5T ‘UOI}UBAIB}UI A1BUOI0D SNOBUEINDIY
€8¢°0 (¢92) vy (L°2e) 9¢ (¢v2) 08 1040 (8'02) 0L (6°£1) 0L (¢61)0C (%) U ‘uondueyul 1eIpIEI0A
7€L0 (£0L) 8l (1’9101 «(G'8) 82 €590 (9%1) L (6°L1) 0L (€91 LL (%) U ‘uondJejule.qauag
G75°0 (L'2)zl (GG) 6 «(€9) 12 G090 SCL)9 (L791) 6 (771) 6L (%) U ‘aseasip Aaupiy
LLY7°0 (coL) 8Ll ta7AN%4" [¢TL) 6€C 0€2°0 (€785) 82 (9°69) 6€ (7"%9) L9 (%) U “elwapidisAg
z82°0 (879L) 621 (9°18) €€l (C°6L)T92 ¢LLo (8'0L) v€ (1728) 97 (6°9L) 08 (%) U ‘uoisuajadAy
YAZAN 990 ¥ LOL'YC L0LY ¥ GET'Se 9807 ¥ 996°7¢ £98°0 1G9'€+2¢5°Ge 9Z1'%7 +88€°GZ 868'C ¥ 677°GC ;W /By ‘xapul ssew Apog
€96°0 (6°L9) L1 (L'89) LLL (0'89) Gzz 082°0 (8°0L) vE (£'09) vE (7°59) 89 (%) U ‘(318W) 48pUsy
8v20 SYL'8F YL 69 L6+ 1989 266’8+ 08l°69 1420 80Z°0l + G29'89 G896+ 98L°0L 0766 ¥ 061769 sieak ‘aby

(89L=u) (€91 =U) (87=u)
d 1euoijuaAuoy undnbeys nv d 1euoijudAu0y (9G=u) undnbeys nv

(L€€ =u) elwadliniadAy-uoN (701 =u) elwadriniadAy aqertep

"sajgeldeA 1ea1und pue saolydesBowap aunaseg °| ajqeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Y Zhao, H Wang et al.

"UOIJRIASP PJBPUE)S ‘(S 'SSaUNDIY) BIPSW-BWIUI ‘| || A18)Ie plioded Jeulajul 'y ‘Awoldsisiiepus Aleuownd “JqH ‘uigojbowsy payedklb ‘2| ygH ‘A1s)ie p1joJed uowwod ‘yo9
*dnoub elwadiuniadAy 11ed9A0 8y} Yum paledwod | 000 > dyx 'G0°0 > dx
‘dS ¥ Ueaw Jo (%) u se pajuasald ale eyeq

€720 CL9°LL+980°LG 689°61L ¥ 186°LY +G9G°8L F €2L 67 2680 GL8'LE+€08'9G YS1°LTF 9YL LS ZlT62+90€°LS uelpaw a1eds Aeub anbely
¢GL0 LLY6FGLYLL 818 9+VE0LL G6E8F 8L LL 7940 €0L'8F LT6CL %G9°8F92°CL €29'8F LLSTL ,Www ‘eale anbe)y
6780 L77' 0+ LE0'L 9€°0F LY0'L 7070+ 270°L 7%€°0 LG7'0FGLLL #78€°0+ 780°L 6L7°0F0€L°L ww ‘] INI-VD] XeN
9%8°0 LIEO0FYLLO 6L2°0F 18L0 00€0F LLLO 8€5°0 LLE0F2E80 %620+ L6L°0 9820+ 1180 ww ‘| IN|-VD] ueap
8660 €LY'0+8GE°L 2960+ LSETL GLG'0FLSE'L SLL0 86G°0FGLY'L 79'0+S€S°L L19°0F905°L wuw ‘| IN|-91ng Xep
681°0 L70FLEL’L 7070 ¥ G90°L 0L7’0+00L°L LY€0 870+ LGL'L 8870+ GGZ'L 7870+ 90C'L wuw ‘| IN|-91nq ueapy
100°0 S%7¢°0+8L0°L 88L°0+€L0’L #7070+ Y01 8600 €CE0+690°L 68C°0+LLL 6l70+0¢ElL’L wuw ‘| INI-VYDD Xew
GEO0 6L1°0FGESD G7L'0F L6L0 #x660°0F LLLO 8€0°0 822°0+GE80 98L°0F 1260 9820+ 1180 wwl ‘| INI-VDD uesy
W EL L Ut/ W

€160 LLB'LL+Y71C69 LCE9L +8LL 69 «00L"°LL +9Y2°69 €610 L6291 + 16985 6L9°LLF+LLS'LS 6%76'91 +880°89 ‘a)eJ uoljeJ)ly Jejniawolb pajewiisy
9620 800°0€ +2€0'8LL 89°62+G¥8°LCL ++£98°62 F 068611 Z8€°0 208°€E+871°0€EL 6GZ°0€ ¥ 0E6°ECL 786'L€ +G88°9¢Z1 1/10WW “048)$810yd JQH-UON
ZL70 0ZL'LFTyLg 266075725 «L€0'L T88L°G 290°0 ZE7L FESL°L L6L0F LEEL 671l 7 925°L /6w ‘p1oe d1n
€010 8G0°G FGGL'9L 6GE7 ¥ 206°GL +8G0°G +GGL 9L G250 1899+ LG8l L9€°9F8YE 6L L9€°9 ¥ 87€°61 1p/bw ‘usbouyiu eaun poog
9690 GZ'0F 6280 7020+ 6180 +8CC° 0+ 280 12870 G920+ LL60 282°0+ 5960 €L2°0+0L6°0 1p/Bw *auluneald wniag

(89L=u) (€9L=u) (87=u)
d euonuaAu0) undnbeys nv d 1euonuaAu0) (95 =u) undnbeys nv

(L€ =u) elwad1iniadAy-uoN (701 =u) elwadriniadAH a)qeriep

(PenuUnRUOY) | 31qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

(panunuog)
6660 (625°G ‘€2G6°G-) £00°0 €76l = GLG6L1 GC0'C+8LG6LL syjuow vz %870 (£9LY '666°GL-) 819°G- €9L €+ 06L9CL 695°€x¢CLLLCL syuow %z
1/ 10w
10431S9)0Y2
Gv8°0 (¥29'v ‘Zv9°6-) 6050~ 9281 =28l 9Ll 668l = €L9°GLL syjuowzl  zZvlo (68£°C '78E°91-) L66°9- LTV €+ 6EEEEL GeCe+¢eve9cl syjuowz| 1QH-UoN
g0 (€010 ‘€LE0-) GOL 0~ 7L0'0+€2S'S 9L0°0+8LY7'S syuowyz - G9¢'0 (L06°0 '88£°0-) G8C0 L2C°0+ 5089 L02'0+060°L syuow g
60€°0 (980°0 ‘0LZ°0-) 26070~ 790°0+895°G %790°0 + 9LY'G syjuowzl 0G40 (699°0 '087°0-) 2600 LIC0+6l0L €6l0F¢lL'L syuowzy 1p/Bw ‘poe d1n
1890 (6LL°1 “6€L°0-) 06170 0€€'0F600°LL 9€€'0F002°LL syjuowyz  L¥0°0 (LEO'0 'vE€€°G-) 2892 9L6°0F £28°0C G06'0F 7718l syjuow ¥z
1p/Bw ‘usboayiu
1250 (£8G°0 ‘9L L"L-) LLZ 0- 80€°0+G90°LL 60€°0F68L°9L syjuowz|  ¥v4°0 (201°Z '60G°L-) L62°0 LL9°0+920°'8L 009°0+2ZE8lL syjuow z| eaJn poo)g
L16°0 (6€£0°0 'GE0°0-) 2000 €10°'0+¢98°0 7100+ %980 syjuow vz  061°0 (E11°0 '€20°0-) S70°0 G200+ 8960 €¢0°0+¢€L0°L syyuow %z
1p/bw
L16°0 (720°0 '220°0-) 1000 800°0+¢€v8°0 8000+ %780 syyuowgl  9€0°0 (701°0 '700°0-) ¥S0°0 6100+ LE60 L1000+ 1660 syjuowz| ‘aulunesJd wnJeg
06L°0 (Z€L°9 ££8°8-) ZG0'L— GCL'C+8LlS¢CEL 198°CF99Y°LEL syuow vz Zv60 (0LY'SL ‘LZEYL-) G¥S0 QLY S+ LL6ECL 860G+ ¢¢a'v¢l syuow %z
1/j0Www ‘8s0on)b
GLZ0 (69€°LL ‘9vZ°€-) 290" 9LG°C+ LEY6CL 699°C+ 669°€EL syuowzl  8LE0 (900°8 698°0Z-) ZEV'9- 220G+ LSSvEl €06 +9¢l'8el syuow z| ewsed bunseq
€200 (Zz0'0- '00£°0-) L9L°0- 6700 F 6YL°9 1G0°0 +88G6°9 syjuowyz 98¢0 (£Z1°0 ‘GLE°0-) 96070~ 6L0°0+8YS9 GLO'0+2G79 syjuow %z
1420 (670°0 ‘€L1°0-) 2900~  070°0+879°9 0700+ 9859 syyuowizl  L0L0 (L70°0 '715°0-) €20 €0L°0+70L'9 9600+ 0L79 syuow gy yusdJad 9| vqH
10G°0 (096°Z '0G%'L-) GGL'0 8LL0F LL8ZL 9080+ 999°€L syuow vz LEE0 (8189 ‘09€°2-) 622°C €991+ 191769 99G°L T 06E°LL syuow %z
bH ww ‘aunssaud
€020 (0940 1L95°€-) 00%'L— CLLOF LGEEL 08L°0+ LG6'LL syuowz|l G490 (00L% ‘G0E°9-) €01 L- 968°L +GEV'LL 7LLL ¥ ZEE 0L syuow z| poo)q 211015Ag
9680 (762°€ 'T9L°€-) ¥€T 0~ G%7¢'1 +=¢L0°0€EL 68’1 +8E8'6C1 syjuow vz 4¥8°0 (Y8L°L ‘617°9-) £89°0 6L5°C+1290°'8¢1 627 C+SYL8C1 syjuow %
BH ww ‘aunssaud
8290 (6%£°Z ‘188°€-) 69L°0- GlLL'l =6858¢L 9¢L'L +0¢8°Lel syuowZl 4G50 (LGOS ‘L8T 6-) GLL'Z- 819°¢+6¢0°0€L 0S7'¢c+¢€lé’Lel syuow g poo)q 21103545
6110 (290°0 ‘'z75°0-) 02 0- 8010+ 190°G¢ 8010+ LZ8'%¢ syyuow vz 98%°0 (LE7'0 '606°0-) 9€2°0- 1GZ'0+¢8G'GC GZZ'0F9%€'GZ syyuow %z
/By
08%°0 (LGE'0 '891°0-) 76070 760°0 F ¥%78'%¢ G600+ 6E6'%C syjuowzl /890 (GLE'0 ‘GLY'0-) 080°0 8%71°0+2¢G'GC ZeL0F 2y ae syjuow g ‘xapul ssew Apog
(89L=U) (€9L=u) (87=u) (96=U)
(19 %S6) ueaw leuonuaAuoy - dnoub undnbels (19 %S6) 1euoiuaAu0) undnbeys
paisnlpe-aunaseq ueaw pajsn(pe-aunaseq
ul 9duaJayip dnoig 35 * ueaw pajsnlpe-aunaseg ul 9duaJayip dnoig 3S * ueaw pajsnipe-aulnaseg
d (1€ =u) elwadliniadAy-uoN julod awi) d (701 =U) elwadLiniadAH julod awiy ajqeriep

‘sdnoJf juswiealy Usamiag adualayip dnolb pue uesw pajsnipe-aunaseg *z ajqel

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

©
-~
[\§]
o
m *UOIJBIASP PJEPUE)S ‘(S {SSaUNDIY} BIpaW-_WIUL ‘| | ‘AJa)Je plyoded jeudaiul ‘| ‘uteyoldodr) Ayisuap-ybiy “1aH ‘uiqoiboway payeskib ‘0| yqH ‘A4aide p13oJed uowwod 'yJ9
W 'S ¥ UeaW Jo (%) u se pajyuasald ale ejeq
T
o 2510 (2SL7L 68L°LL=) 6LL 7~ 87LC+GE0YS LT F9LE Y syuowvz 7480 (LL6'ZL-'SL6'0L-) 89670 9827 * 602°0G SYLYFLLLLS syyuow %z
©
e uelpaw
” G660  (L6ETL '€ZETL-) LEOTD GL6'EFY97'LS 9L+ 10G°LS syuow gl  2eZ'0 (820°L'160°82-) Z€G 0L~ 6€€°9 ¥ L8Y'G9 688'G+GG6'%G syuow z| a1eas Aeub anbeyy
GLL0 (LL8°Z'62G°0-) VLL'L 9960+ 26601 1G9°0+G91°¢Cl syuow vz  %zZ€0 (VELY ‘L6 L-) LLE'L L660F6LL°LL 6G6°0F06%7CL syuow %z
9%6°0 (LLL'Z'LL6'L-) 0L00 G99°0+0¢ZCL 68L°0F062°CL syjuowzl  94%°0 (899'% '022'2-) ¥2T'L §%7¢'L = 609°CL LGl'L FEE]EL syjuow z|, LWl ‘eade anbe)y
64170 (0£0°0 ‘8G1°0-) #90°0— €€0°0+G60°L GEO'0+ LEO'L syuow vz %100 (890°0- ‘£85°0-) GZE€'0- 060°0+89¢°L 2600+¢€Y0°L syuow %z
0650 (29170 '€60°0-) 5€0°0 G700+ €8LL LY00+8lZ’1L syjuow gl G820 (7€1°0 "L¥7°0-) 9610~ €0L0+907°L L0L'0+6%C'L syuow gy ww | WI-VOl Xe
%S¢0 (920°0 '860°0-) 9€0°0- 1200+ 66L0 €C0°0+€9L0 syjuowyz - GL0'0 (970°0 ‘61%°0-) €€2°0~ G90°0+¢86°0 990°0F 6%L°0 syuow g
GZS'0 (82170 '590°0-) LEOD 7€0°0+ 1480 GEO'0+ 2060 syuowzl 120 (¢80°0 '€GE°0-) 9€L°0- LL0'0+890°L 9L00+¢€E60 SYUoWZ]  WW I NI-VIl uesy
£9S°0 (LLL°0“190°0-) G200 0€0'0+€29'L ZE0°0F8%9'L syuow vz 4720 (74070 ‘S0€°0-) GLL°0- L90°0+718'L 990°0 + 669°L syyuow vz
66570 (780°0 '9¥71°0-) LEO0- 0700 + 665°L 700 +89G°L syjuowzl  LE€90 (LZZ°0'0YL°0-) €Y0°0 990°0+0LL'L €900+ %SL°L Syjuow gl  wWw ‘I NI-qIng XeN
GEE0 (GZL°0 ‘€¥0°0-) LY0'0 6200+¢elL’L LE00FELL'L syjuowyz  €£1€0 (860°0 ‘20£°0-) Z0L°0 2L0'0+G8¢C'L £90°0F€8L°L syjuow %z
ww
6L6°0 (€60°0 '960°0-) 1000~ €E00+CLLL 7€0°0+0LLL syjuowz] 1160 (€01°0 '502°0-) 1G00- 9G0°0+06¢°L LG0'0+0%C'L syuowzy ‘'LNI-91ng ueapy
G980 (S€0°0 620°0-) £00°0 LL0'0+4%0°1 ¢l0'0+080°L syuowyz - LyE€0 (660°0 'G€0°0-) €00 GZ0'0+9L0°L €¢0'0+80L°L syuow g
0920 (25070 "710°0-) 610°0 ¢l0'0+0¢e0°L ZL00*6%0°L syuowzl - 9490 (9L0°0 '6¥0°0-) €100 €200+ L9071 0200+ 080°L sylowyzl  Ww'INI-v30 XeW
81G°0 (£10°0 '¥20°0-) 600°0 £L00°0+ ¢80 £L00°0+¢2¢80 Syjuow vz 4960 (GZ0°0 ‘770°0-) 0L0°0- €l0'0+€EL80 Zl0'0+¢€980 syjuow %z
ww
L850 (L2070 '510°0-) 900°0 800°0+0¢8°0 8000+ G280 syjuowzl  LEGO (920°0 '060°0-) ¢L00- 7100+ 0980 ¢l0'0+8%80 syuowzy ‘LWI-VOQ uesy
0LL0 (088°1 ‘L£GC-) 62€°0-  ¢BLOFYLS99 %08°0 + G299 syjuowyz €20 (008°C '€85%-) 2680~ 8GE'|L + GZL'8G 292l ¥ 7€8°LS syyuow %z
[zweL L/uiu
/1) ‘ajed uonedyly
Jeniawo)b
€050 (LOE'L '969°2-) G490~ LLL0FY%L0°89 ELLOF66EL9 syjuowzl,  €€1°0 (724°0 '€9€°6-) 02€'2- 9¢€L'l + 620°09 920°L + 60L°LS syjuowz| pajewnsy
(89L=U) (€9L=U) (87=u) (96=U)
(19 %G6) ueaw 1euonjusAauo)  dnoub undnbeys (19 %S6) 1euoIjuUsAU0) undnbeiys
pajsnipe-aunaseq ueaw pajsnipe-aunaseq
ul @duaJayp dnoig 3S F ueaw pajsnfpe-aunaseg uj duaJayp dnoig 3S T ueaw pajsnfpe-aunaseg
d (L€ =) elwadliniadAy-uoN juiod awi} d (701 =u) elwasriniadAH yuiod awi a)qeLiep
(penunuo)) -z e1qeL

journals.sagepub.com/home/taj


https://journals.sagepub.com/home/taj

Therapeutic Advances in Chronic Disease 12

Hyperuricemia sitagliptin group
Hyperuricemia conventional group

No-hyperuricemia sitagliptin group

Y

No-hyperuricemia conventional group

10—
5 97 T
2
z 8 ®
©
& 7
2
8 67
2
=
=] 5
g
3 T T
oM 12M 24 M
Time(months)

Figure 1. Serum uric acid levels of hyperuricemia and non-hyperuricemia subgroups during treatment.

0.035, p=0.865)] at 24 months (Table 2). In the
hyperuricemia subgroup, CCA-IMT did not show
a difference after 24 months of treatment. But for
the mean and max ICA-IMT, the changes at the
24th month in the sitagliptin group were signifi-
cantly lower than that in the conventional therapy
group [—0.325mm, 95% CI (-0.583, —0.068),
p»=0.014 and -0.233mm, 95% CI (-0.419,
0.046), p=0.015] (Table 2). Similar results were
obtained in the adjusted mixed effects model
(Supplemental Tables S1 and S2). In addition, the
analysis of covariance model, which included treat-
ment group, age, gender, baseline IMT, systolic
blood pressure, and administration of statins, pro-
duced similar results to the mixed effects model
(Supplemental Table S3).

Use of antidiabetic and other agents

There was no significant difference in the baseline
frequency of non-investigational hypoglycemic
drugs other than glinide (Table 3). In each con-
ventional therapy group, the added use of sulfo-
nylureas, metformin, alpha-glucosidase inhibitors,
and thiazolidinediones increased over the
24-month observation period. Whereas in each
sitagliptin treatment group, the use of other drugs
did not increase except for metformin (Table 3).
Compared with the non-hyperuricemia subgroup,
no one in the hyperuricemia subgroup had taken
fibrates (Table 3). For the use of angiotensin II
receptor blocker and angiotensin-converting
enzyme inhibitor, no subgroups changed signifi-
cantly during the 24-month observation period
(Table 3).

Discussion

This study found that sitagliptin treatment signifi-
cantly inhibited the progression of mean and max
ICA-IMT in the hyperuricemia subgroup.
However, in the non-hyperuricemia subgroup, sit-
agliptin treatment did not have to alleviate CIMT
compared with conventional therapy. In addition,
for CCA-IMT at 12 and 24 months, there was no
significant difference between the treatment
groups in each subgroup. Although most studies
on CIMT are focused on mean CCA-IMT, the
Mannheim Carotid Intima-Media Thickness and
Plaque Consensus recommends that IMT and
plaque measurements including maximum or
mean IMT, plaque thickness, area and volume,
and plaque score may all be used as imaging out-
comes in research.3? In addition, results from sev-
eral studies, including the Framingham offspring
cohort study, have found that max ICA-IMT is
more predictive of CVD risk than mean CCA-
IMT.8333¢ JCA-IMT may reflect the presence of
focal plaques and may be more representative of
exposure to cardiovascular risk factors. These
findings may suggest that ICA-IMT, especially
the max ICA-IMT, is an appropriate screening
point for CVD risk stratification.3> In our results,
at the 24-month follow up, sitagliptin treatment
significantly improved the progression of mean
and max ICA-IMT in hyperuricemia subgroup
compared with conventional treatment. This sug-
gests that patients with T2DM and hyperuricemia
could benefit from sitagliptin treatment.

Hyperuricemia and metabolism, especially
human purine metabolism, are closely related and
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Table 3. Frequency of the use of antidiabetic and other agents.

Variable Time point  Hyperuricemia (n=104) p value Non-hyperuricemia (n=331) p value
Sitagliptin Conventional Sitagliptin Conventional
group (%) (%) group (%) (%)
Sulfonylurea Baseline 8(14.3) 12 (25.0) 0.167 48 (29.4) 39 (23.2) 0.198
12 months 5(10.2) 12 (27.9) 0.029 35(21.5) 53 (31.5) 0.091
24 months 4(8.7) 11 (27.5) 0.022 32(19.6) 49 (29.2) 0.131
Metformin Baseline 6(10.7) 5(10.4) 0.961 26 (16.0) 27 (16.1) 0.976
12months 9 (18.4) 10(23.3) 0.563 29 (19.1) 57 (36.8) 0.001
24 months 9 (19.6) 9 (22.5) 0.739 33(23.1) 57 (38.0) 0.006
a-Glucosidase inhibitor Baseline 18 (32.1) 16 (33.3) 0.897 53 (32.5) 49 (29.2) 0.509
12months 10 (20.4) 21 (48.8) 0.004 43(28.3) 62 (40.0) 0.031
24months 9(19.6) 19 (47.5) 0.006 36(25.2) 60 (40.0) 0.007
Thiazolidinedione Baseline 11 (19.6) 8(16.7) 0.695 41 (25.2) 44,(26.2) 0.829
12months 7 (14.3) 10 (23.3) 0.269 32(21.1) 53 (34.2) 0.010
24 months 7(15.2) 11 (27.5) 0.163 30(21.0) 50 (33.3) 0.018
Glinide Baseline 2 (3.6 4(8.3) 0.411 5(3.1) 15 (8.9) 0.025
12months 1(2.0) 7(16.3) 0.023 3(2.0) 18(11.6) 0.001
24months 1(2.2) 4(10.0) 0.179 2(1.4) 17 (11.3) 0.001
Statin Baseline 40 (71.4) 28 (58.3) 0.162 127 (77.9) 131 (78.0) 0.989
12months 34 (69.4) 23 (53.5) 0.117 115 (75.7) 118 (76.1) 0.923
24months 33 (71.7) 21 (52.5) 0.066 107 (74.8) 112 (74.7) 0.975
Fibrate Baseline 0 0 - 3(1.8) 3(1.8) 0.970
12months 0 0 - 3 (2.0 3(1.9) 0.981
24months 0 0 - 3(2.1) 3(2.0) 0.953
Angiotensin Il receptor Baseline 35(62.5) 24 (50.0) 0.200 95 (58.3) 86 (51.2) 0.195
blocker
12months 31(63.3) 21 (48.8) 0.164 87 (57.2) 82 (52.9) 0.445
24months 32 (69.6) 20 (50.0) 0.064 83 (58.0) 78 (52.0] 0.299
Angiotensin-converting Baseline 7(12.5) 7 (14.6) 0.756 19 (11.7) 28 (16.7) 0.192
enzyme inhibitor
12months 4(8.2) 6 (14.0) 0.506 19 (12.5) 25(16.1) 0.364
24months 4(8.7) 6 (15.0) 0.504 15(10.5) 24.(16.0) 0.165

Data are presented as n (%).
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often occur simultaneously with type 2 diabetes
and metabolic syndrome.3®¢ T2DM and hyper-
uricemia have been identified as an important risk
factor for atherosclerosis.!!»22 However, whether
sitagliptin treatment affects CIMT in T2DM
patients with hyperuricemia has not been revealed.
Although many clinical studies have shown that
serum uric acid levels are correlated with CIMT,
a marker of subclinical atherosclerosis, few stud-
ies have been conducted in patients with T2DM.37
Of the 442 study population in the PROLOGUE
study, 68 men and 36 women were identified as
hyperuricemia patients at baseline, accounting for
nearly a quarter of the total. On the one hand, it
confirms the previous statement that hyperurice-
mia often occurs concurrently with T2DM. On
the other hand, it also reminds us that more atten-
tion and specific treatment should be given to this
group of patients. Although the PROLOGUE
study has not found that sitagliptin has an effect
on the progression of atherosclerosis in patients
with T2DM. But if this benefit can be found in
T2DM patients with hyperuricemia, it may bring
new evidence for sitagliptin in preventing the pro-
gression of atherosclerosis. At the same time, this
is also important from a health economics per-
spective, as it means that the use of sitagliptin will
slow down the progress of ICA-IMT in nearly a
quarter of patients with T2DM.

Several studies have reported an association
between hyperuricemia and various factors associ-
ated with atherosclerosis, such as oxidative stress,
inflammation, and endothelial cell dysfunction.
Hyperuricemia should be considered as a cause of
atherosclerosis rather than a consequence of sub-
clinical atherosclerosis.?8#2 Some clinical studies
have also shown a positive correlation between
serum uric acid levels and CIMT.43#44 Uric acid can
promote low-density lipoprotein oxidation, and the
oxidation of low-density lipoprotein is considered
to be an important process in the formation of ath-
erosclerotic plaques.?%#> Hyperuricemia is also
closely related to endothelial cell dysfunction, and
its mechanism is achieved by interleukin-1, inter-
leukin -6, and tumor necrosis factor-alpha, as well
as some chemokines and adhesion molecules,
which have important links with the inflammatory
mechanism of atherosclerosis.#-48 In the present
post hoc analysis, the results of our analysis also indi-
cate that the hyperuricemia subgroup had higher
baseline CIMT parameters than the non-hyper-
uricemia subgroup.

The results of this work suggest that sitagliptin
treatment is beneficial in preventing the progres-
sion of CIMT in T2DM and hyperuricemia
patients. For patients without hyperuricemia, sit-
agliptin treatment did not bring this benefit.
Blood glucose levels have an effect on CIMT in
patients with T2DM. Despite the 24-month
observation period, the use of various hypoglyce-
mic agents, including sulfonylureas, metformin,
alpha-glucosidase inhibitors, thiazolidinediones,
glinide, and others, varied between the different
treatment groups in the two subgroups. However,
in the PROLOGUE study, the majority of patients
achieved good glycemic control. More interest-
ingly, there was less use of other types of hypogly-
cemic agents in the sitagliptin treatment group
than in the conventional treatment group in both
subgroups. Meanwhile, there were no differences
in the use of other medications, including angio-
tensin II receptor blockers, angiotensin-convert-
ing enzyme inhibitors, and statins, between the
treatment groups during the 24-month observa-
tion period. Therefore, we have reason to believe
that the addition of sitagliptin plays the most
important role in inhibiting the progression of
CIMT. In this post hoc analysis, sitagliptin treat-
ment was also found to significantly increase
serum creatinine levels at 12 months in the hyper-
uricemia subgroup, consistent with some previous
clinical research findings.#®* And, at 24 months,
sitagliptin treatment significantly reduced blood
urea nitrogen levels compared with the conven-
tional treatment group. Both sitagliptin and con-
ventional therapy reduced serum uric acid levels
at 24 months in the two subgroups, although
there was no difference between the two treat-
ment groups. Differently, this benefit of sitaglip-
tin has not been found in some clinical studies,
and some studies have found that DPP-4 inhibi-
tors may even cause increased serum uric acid lev-
els in patients with T2DM.50 In the present post
hoc analysis, the hyperuricemia group had a higher
proportion of comorbid kidney disease as well as
higher serum creatinine and urea nitrogen levels.
Several studies have shown that urea nitrogen and
creatinine levels are associated with CIMT thick-
ening.>132 Previous experimental studies have
confirmed that sitagliptin can reduce serum cre-
atinine and urea nitrogen levels in diabetic
nephropathy rats.53 And in an adenine-induced
rat kidney disease model, sitagliptin also can
reduce serum urea and creatinine levels.>*
Therefore, we speculate that the effect of
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sitagliptin in inhibiting CIMT progression may be
attributable partly to its role in reducing urea
nitrogen and creatinine levels. The efficacy of sit-
agliptin may be related to its anti-inflammatory
and antioxidant effects, which can reduce oxida-
tive stress levels and increase catalase activity.>%5>

Our research has some limitations. First, the pre-
sent study was not a pre-specified sub-analysis of
the PROLOGUE study, and the CONSORT
statement could not be compliant,3% though the
data still come from a peer-reviewed randomized
controlled trial. Meanwhile, post hoc sample size
calculation was not recommended according to a
previous suggestion,®’ 5% so was not included.
Secondly, the number of patients in this study
was small, and some data are missing, such as
lack of information on the use of antiplatelet
agents. Thirdly, although the basic drug therapies
are the same in this post hoc analysis, anti-
diabetics, anti-hyperlipidemic drugs, and anti-
hypertensive drugs may affect the progress of
CIMT, and a more rigorous clinical trial will be
necessary in future.

Conclusion

Our present sub-group analysis from the
PROLOGUE study demonstrated that patients
with T2DM and hyperuricemia in the sitagliptin
group obtained better anti-atherosclerotic effects
compared with a conventional therapy group.
However, considering that this study was a post
hoc analysis, it would be premature to conclude
that sitagliptin treatment significantly inhibits
CIMT progression. Our findings need to be inter-
preted carefully, which may provide clues to the
population of possible benefit subgroups, sug-
gesting possible hypotheses worth testing for fur-
ther additional studies, but not as clinical
evidence. Large-scale and well-designed studies
are needed to confirm our findings.
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