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Abstract

Background: There is lacking evidence that telmisartan can improve insulin resistance in patients on high-intensity statins.%
study compared the effects of telmisartan and amlodipine on glucose metabolism in hypertensive atherosclerotic cardiovascular
disease (ASCVD) patients with impaired fasting glucose (IFG) requiring high-intensity rosuvastatin therapy.

Methods: Ninety-nine patients were randomly assigned to 2 groups [telmisartan-statin group (n=48) and amlodipine-statin
group (n=51)] as add-on therapy to high-intensity rosuvastatin therapy (20mg). The primary endpoint was to assess insulin
resistance using the homeostatic model assessment (HOMA-IR) value at week 24. The secondary endpoint was the change in
glucose metabolism indices from baseline to week 24.

Results: The HOMA-IR at week 24 (2.4 [interquartile range, 1.8-3.8] versus 2.7 [1.7-3.7]; P = .809) and changes in the
HOMA-IR from baseline to week 24 (-7.0 [-29.0 to 21.0] versus —5.5 [-53.3 to 27.3]; P = .539) were not significantly different
between 2 groups. However, the fasting glucose level at week 24 was significantly lower in the telmisartan-statin group than in the
amlodipine-statin group (107.7 +13.4mg/dL versus 113.3+12.4mg/dL; P = .039) and significantly decreased in the telmisartan-
statin group (-3.2+8.6% versus 3.8+13.2%; P = .003). The proportion of patients with fasting glucose >100mg/dL (71.1%
versus 89.6%; P = .047) or new-onset diabetes mellitus (12.5% versus 31.4%, P = .044) at week 24 was also significantly lower
in the telmisartan-statin group than in the amlodipine-statin group.

Conclusion: In comparison to amlodipine, telmisartan did not decrease the HOMA-IR. However, telmisartan preserved insulin
secretion, led to a regression from IFG to euglycemia and prevented new-onset diabetes mellitus in ASCVD patients with IFG
requiring high-intensity statins.

Abbreviations: ACE = Angiotensin converting enzyme, ARB = Angiotensin-ll-receptor blocker, ASCVD = Atherosclerotic
cardiovascular disease, BMI = Body mass index, BP = Blood pressure, CCB = Calcium channel blocker, DM = Diabetes mellitus,
HbA1c = Hemoglobin A1c, HDL-C = High-density lipoprotein-cholesterol, HOMA-IR = Homeostatic model assessment, IFG =
Impaired fasting glucose, LDL-C = Low-density lipoprotein-cholesterol, NODM = New-onset DM, PPARy = Proliferator-activated
receptor gamma, SD = Standard deviation, TRANSCEND = Telmisartan Randomised Assessment Study in ACE Intolerant
Subjects With Cardiovascular Disease.
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1. Introduction

For prevention of high cardiovascular risk of atherosclerotic
cardiovascular disease (ASCVD), strict control of low-den-
sity lipoprotein-cholesterol (LDL-C) using statins is recom-
mended.!"! Despite several beneficial effects of statin therapy,
statin use is associated with an increased risk of developing
diabetes mellitus (DM).2I' A meta-analysis of randomized clin-
ical trials showed that statin therapy was associated with an
increased risk of new-onset DM (NODM).B! There are several
experimental studies that have reported that statins act on beta
cells, which reduce insulin secretion and inhibit glucose uptake
in adipocytes and skeletal muscles, thus leading to insulin
resistance and DM.!*3! Particularly, these phenomena are more
pronounced using high-intensity statins than moderate- or
low-intensity statins, and statin-induced NODM is more likely
to occur in people with a high risk of diabetes.!®” Therefore, in
patients with insulin resistance such as impaired fasting glucose
(IFG) or elevated hemoglobin Alc (HbA1c), the risk of NODM
caused by high-intensity statins may be increased.’®! The use of
statins in hypertensive patients increases the risk of NODM,
and this risk has a proportional increase as the intensity of
statin increases.” These patients at risk of NODM, requiring
the management of hypertension and LDL-C, could expect a
decrease in insulin resistance using appropriate antihyperten-
sive drugs. Among angiotensin-II-receptor blockers (ARB),
telmisartan has been found to reduce insulin resistance by
activating peroxisome proliferator-activated receptor gamma
(PPARY).!" Telmisartan showed superior ability to improve
insulin resistance induced by rosuvastatin 10 mg compared to
other ARBs."l However, studies on the effects of telmisartan
on changes in glucose metabolism including insulin resistance
caused by high-intensity statins are lacking. In addition, tel-
misartan may be superior in preventing cardiovascular disease
compared to amlodipine, a calcium channel blocker, indepen-
dent of the BP-lowering effect. Telmisartan increases PPAR-r
gene expression more than amlodipine, and has a positive influ-
ence on glycemic control, including insulin resistance.!'?! Prior
studies examined the effects of telmisartan in patients with
insulin resistance, regardless of the use of statins, and evaluated
the changes in metabolic parameters without comparison with
amlodipine.['t13:14 Therefore, the study aimed to compare the
effects of telmisartan and amlodipine on glucose metabolism in
hypertensive ASCVD patients with IFG requiring high-intensity
rosuvastatin therapy.

2. Participants and methods

2.1. Study design

This trial, the COMPROMISE (effect of high-dose rosuvas-
tatin combined with telmisartan or amlodipine on glucose
metabolism in ASCVD patients with impaired fasting glucose
and hypertension) trial was a 24-week randomized, open-label,
parallel, multicenter trial conducted at 4 sites in South Korea
between October 2018 and May 2019. The study design is pre-
sented in Figure 1. After randomization, all participants have
initially treated with telmisartan 40 mg/rosuvastatin 20 mg once
daily or amlodipine 5 mg/rosuvastatin 20 mg once daily for the
first 12 weeks. Participants who were previously taking anti-
hypertensive drugs or statins changed their medications with-
out a washout period. Then, all participants were up-titrated to
telmisartan 80 mg/rosuvastatin 20 mg once daily or amlodipine
10 mg/rosuvastatin 20 mg once daily for an additional 12 weeks
if the participant did not meet blood pressure (BP) goals (i.e.,
mean sitting systolic BP/diastolic BP of 140/90 mm Hg).!"*!

2.2. Randomization and masking

After screening, participants were randomly assigned to the
combination therapy with telmisartan and high-intensity rosu-
vastatin (telmisartan-statin group) or the combination therapy
with amlodipine and high-intensity rosuvastatin (amlodip-
ine-statin group) in a 1:1 ratio. Precoded concealed envelopes
generated by permuted-block randomization with a block size
of 2 stratified were used to assign groups. The clinical research
coordinators in each center performed the randomization.

2.3. Ethics

The ethics review boards of the appropriate ethics review boards
and each participating hospital approved the study protocol.
The study was conducted in accordance with the principles
of Declaration of Helsinki, and all patients provided written
informed consent.

2.4. Study population

Patients aged 19-75 years who met the following conditions
were enrolled: patients with clinical ASCVD requiring high-in-
tensity statin therapy (clinical ASCVD included acute coronary

Week -2 Week 0 Week 12 Week 24
Screening Randomization Antihypertensive dose up-titration Study end

!

if BP 2140/90 mmHg

! '

ﬂ Telmisartan 80 mg + Rosuvastatin 20 mg |

Telmisartan 40 mg + Rosuvastatin 20 mg |

Clinical ASCVD patients
with IFG and hypertension

Amlodipine 5 mg + Rosuvastatin 20 mg |

l—{ Amlodipine 10 mg + Rosuvastatin 20 mg |

Figure 1. Study design and flow. BP = blood pressure; IFG = impaired fasting glucose.
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syndrome, history of myocardial infarction, stable or unstable
angina, history of coronary revascularization, stroke, or tran-
sient ischemic attack, peripheral arterial disease, or history of
peripheral arterial revascularization)!'l; patients who were tak-
ing antihypertensive drugs or with a systolic or diastolic BP of
>140 mmHg or >90 mmHg; patients who met the criteria for
IFG (fasting plasma glucose of 100-125mg/dL or HbAlc of
5.7-6.4%) and had not been diagnosed with DM before.['¢!

The exclusion criteria were as follows: patients who were
treated for secondary or malignant hypertension; uncontrolla-
ble DM with HbAlc 210%; total cholesterol of 2300 mg/dL;
fasting LDL-C of <70 mg/dL in statin-naive patients; fasting tri-
glyceride of 2500 mg/dL; history of muscular disease or rhabdo-
myolysis owing to statin use; hypersensitive to statins or ARBs
(a history of rash or allergic reaction to these drugs in the med-
ical records or the medical examination by interview); contrain-
dications stated in the single-pill combination of telmisartan or
rosuvastatin (severe renal disease, aspartate aminotransferase or
alanine aminotransferase >3-fold upper normal limit or history
of active liver disease, creatine phosphokinase >3-fold upper
normal limit, or hyperkalemia); those who were participating in
clinical trials of other investigational products; those who could
not discontinue all other treatments for hypertension or hyper-
lipidemia than the clinical trial drugs, concomitant medications,
and supplements that can affect the therapeutic effects of hyper-
tension and hyperlipidemia; and if the investigator considers the
participant to be ineligible for the trial.

2.5. Efficacy assessments

The primary endpoint was the difference in the homeostatic
model assessment for insulin resistance (HOMA-IR) at week
24. HOMA-IR was calculated using the formula: fasting insu-
lin (nU/mL) x fasting glucose (mg/dL)/405. The secondary
endpoints were the changes from the baseline to week 12 or
24 in the following variables: HOMA-IR, homeostasis model
assessment of B-cell function (HOMA-B), fasting blood glucose,
fasting insulin, HbA1c, lipid profiles (total cholesterol, triglycer-
ide, LDL-cholesterol, and high-density lipoprotein-cholesterol
(HDL-C)); the proportion of participants with fasting plasma
glucose of 2100 mg/dL. and NODM at week 24. HOMA-B was
calculated using the formula: [fasting insulin (pU/mL) x 360]/
[fasting glucose (mg/dL) — 63]. NODM was defined as the fast-
ing plasma glucose of 2125 mg/dL or HbAlc of 26.5% at week
24.1'*I The BP was measured during every visit to the out-patient
clinic, and the adverse events, including their severity and causal
relationship, were evaluated during the study period.

2.6. Statistical analyses

G*Power 3.1.9 was used to calculate the sample size. The sam-
ple size was estimated based on the HOMA-IR after treatment,
as this was the primary endpoint. It was assumed that the base-
line HOMA-IR was 2.6 (standard deviation (SD), 1.5), and it
increased by 32% with rosuvastatin 20mg and decreased by
34% with telmisartan, but increased by 2% with amlodip-
ine according to previous studies"'>'”! It was assumed that the
HOMA-IR decreased to 2.54 and increased to 3.48 after a
6-month treatment of telmisartan/rosuvastatin and amlodipine/
rosuvastatin, respectively. An estimated sample size of 50 par-
ticipants per treatment group would be required, considering
a dropout rate of 20% and under the statistical conditions as
follows: significance level (a), 0.05; power, 0.80 (f = 0.2); and
SD (o), 1.5.

The baseline characteristics were compared between the 2
groups using the 2 test for dichotomous variables or the #-test
or Mann-Whitney test for continuous variables. The change
in variables during the study period was investigated using the
paired t-test or Wilcoxon signed-rank test according to the data
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distribution. The differences in the change in variables between
the 2 groups were also compared using the #-test or Mann—
Whitney test. The efficacy endpoints were analyzed using the
full analysis set. The multivariate logistic regression models
were used for estimating the association between telmisartan
use and NODM. Model 1 included age, sex, body mass index
(BMI), use of beta-blocker, estimated glomerular filtration rate,
and fasting plasma glucose as co-variates. Model 2 included
HOMA-IR instead of fasting plasma glucose. A P value of <.05
was considered statistically significant. All analyses were per-
formed using the software R version 3.6.0 (R Foundation for
Statistical Computing, Vienna, Austria).

3. Results

3.1.Baseline characteristics of participants

A total of 106 patients provided written consent to participate
in the study. However, 6 failed screening based on the exclu-
sion criteria, and one withdrew because of personal reasons.
Participants were randomly assigned to the telmisartan-statin
group (n=48) and amlodipine-statin group (n=51). The mean
age of participants was 60.1+8.8 years, and 78% were men.
There were no significant differences in the baseline characteris-
tics between the groups (Table 1).

3.2. Changes in BP and lipid profiles

At baseline, systolic and diastolic BP did not differ between the 2
groups (Table S1, Supplementary Digital Content 1, http:/links.
lww.com/MD/H268 which presents the changes in BP and lipid
profiles at baseline and week 24). At week 12, 2 participants in
the amlodipine group and 3 in the telmisartan group received an
increased dose of the drug because they did not reach the target
BP. There was no difference in the systolic and diastolic BP at the
end of the study (week 24) between the 2 groups. The changes in
systolic/diastolic BP during the study period within each group
did not show statistical significance, and there were no group
differences in the BP change.

In both groups, the changes in total cholesterol, triglyceride,
and LDL-C did not show statistical significance during the study
period, and there was no statistical difference between the groups
for each change (Table S2, Supplementary Digital Content 2,
http://links.lww.com/MD/H269 which shows metabolism pro-
files change from baseline to week 12), except for a change in
HDL-cholesterol levels in the amlodipine-statin group. The per-
centage change in HDL-cholesterol levels from the baseline to
week 24 did not differ between the groups.

3.3. Changes in parameters related to glucose metabolism

Table 2 presents the changes in parameters related to glucose
metabolism during the study period. The values of parameters at
baseline were similar between groups. The HOMA-IR at week
24 was not significantly different between the telmisartan-statin
and amlodipine-statin groups. Also, the percentage changes in
HOMA-IR from weeks 0 to 24 were also not significantly dif-
ferent for both groups (Table 2, Fig. 2A). The telmisartan-statin
group maintained the change in HOMA-B from weeks 0 to 24,
but it was significantly decreased in the amlodipine-statin group
(P <.001; Table 2).

At week 24, the telmisartan-statin group showed lower fast-
ing blood glucose levels than the amlodipine-statin group (P =
.003; Table 2, Fig. 2B). Additionally, from baseline to week 24,
fasting blood glucose levels decreased in the telmisartan-statin
group (P = .016), but not in the amlodipine-statin group (P =
.075; Fig. 2B). The percentage change of fasting glucose from
baseline to week 24 was also different between the 2 groups (P =
.040). However, the levels of HbAlc and insulin at week 24 and
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Baseline characteristics.

Telmisartan-statin Amlodipine-statin
Variables (n=48) (n=51) Pvalue
Age,y 61.0+8.8 59.3+8.8 347
Male, n (%) 39(81.2) 38 (74.5) 573
Height, cm 166.8+8.1 166.2+8.4 712
Weight, cm 71.7+10.3 72.1+124 887
Body mass index, kg/m? 25.7+2.9 26.0+3.1 678
Current smoker, n (%) 11 (22.9) 16 (31.4) A73
Coronary artery diseases, n (%) 48 (100.0) 51(100.0) -
Acute coronary syndrome, n (%) 32 (66.7) 41 (80.4) .186
Myocardial infarction, n (%) 11(22.9) 14 (27.5) 774
Coronary revascularization, n (%) 22 (45.8) 28 (54.9) 483
Stroke or transient ischemic attack, n (%) 2(4.2) 2 (3.9 999
Peripheral arterial disease or history of peripheral arterial revascularization, n (%) 0(0.0) 2 (3.9 502
Estimated glomerular filtration rate, mL/min/1.73 m? 87.8+17.8 85.8+14.7 542
AST, IU/L 23.8+8.1 255+7.8 291
ALT, UL 27.7+14.7 30.0+13.8 422
Creatine phosphokinase, U/L 117.9+47.6 129.7+69.5 325
Fasting glucose, mg/dL 111.2+10.2 110.0+10.0 .566
HbA1c, % 6.0+0.3 6.0+0.6 443
Prior medication, n (%)
Renin-angiotensin system blockers 27 (56.2) 32 (62.7) .650
Calcium channel blockers 22 (45.8) 16 (31.4) 203
Statin 46 (95.8) 50 (98.0) 957
Combined medication
Aspirin or clopidogrel 48 (100) 51 (100) -
Beta-blockade 39 (81.2) 44 (86.3) .685
Thiazide or thiazide-like diuretics 7 (14.6) 4(7.8) 455
Anti-anginal drugs 24 (50.0) 24 (47.1) 927

Data are presented as mean + standard deviation or number (%). ALT, alanine aminotransferase; AST, aspartate aminotransaminase; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; HbA1c,

hemoglobin Alc.

the change in HbA1lc and insulin from weeks 0 to 24 were not
significantly different between the 2 groups.

Figure 3 shows the proportion of participants with fasting
plasma glucose of 2100 mg/dL at weeks 0 and 24 and the pro-
portion of NODM. At week 24, the proportion of participants
with both fasting plasma glucose of 2100 mg/dL (71.1% [n=34]
vs. 89.6% [n=46], P = .047; Fig. 3A) was lower in the telmisar-
tan-statin group than in the amlodipine-statin group. Similarly,
the proportion of NODM at week 24 was lower in the telmis-
artan-statin group than in the amlodipine-statin group (12.5%
[n=6] vs. 31.4% [n=16], P = .044; Fig. 3B).

In multivariate logistic analyses (Table S3, Supplementary
Digital Content 3, http:/links.lww.com/MD/H270 which pres-
ents independent predictors for developing NODM), the use of
telmisartan was an independent protective factor for developing
NODM. High baseline fasting plasma glucose was a risk factor
for developing NODM, while HOMA-IR was not.

3.4. Adverse events during study periods

Of the 99 participants, 16 participants in the telmisartan-sta-
tin group and 19 participants in the amlodipine-statin group
reported adverse events (Table S4, Supplementary Digital
Content 4, http:/links.lww.com/MD/H271 which describes
adverse events during the study period). There was no statistical
difference in overall adverse events between the 2 groups. No
serious adverse events occurred. There were 4 cases in which

the clinical trial drug likely caused hypotension (n=1), headache
(n=1), edema (n=1), and dizziness (n=1) in the amlodipine-statin
group. There were 4 cases of facial flushing (n=1), hypotension
(n=2), and a rise in creatine phosphokinase (n=1) in the telmis-
artan-statin group.

4. Discussion

The main findings of this study were as follows. First, the addi-
tion of amlodipine and telmisartan to patients with IFG who
had hypertension and an ASCVD-required statin did not signifi-
cantly improve HOMA-IR. However, the levels of HOMA-B,
an indicator of insulin secretion, were maintained in the telmis-
artan-statin group, but reduced in the amlodipine-statin group,
suggesting the protective effect of telmisartan on beta-cell func-
tion. Second, fasting glucose slightly increased at week 24 than
at baseline in the amlodipine-statin group, but it decreased
significantly during the study period in the telmisartan-statin
group, with a lower value at week 24 in the telmisartan-statin
group than in the amlodipine-statin group. Third, the telmis-
artan-statin group showed a lower proportion of participants
with fasting plasma glucose of 2100 mg/dL and a lower rate of
NODM at 24 weeks than the amlodipine-statin group. In the
multivariate analysis, the use of telmisartan was a significant
protective factor for preventing NODM at 24 weeks, demon-
strating the beneficial role of telmisartan for ASCVD and IFG
patients at risk of DM and requiring high-intensity statins.
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The changes of parameters related to glucose metabolism.

Telmisartan-statin group Amlodipine-statin group Pvalue
(N =48) (N=51)

HOMA-IR at week 0 2.8(1.8t04.6) 28(1.7t07.2) .800
HOMA-IR at week 24 24(1.8103.9) 2.7(1.7103.7) .809
% change —7.0(-28.0t021.3) —5.5(-53.31027.3) 539
Pvalue for Wilcoxon signed-rank test 407 .087

HOMA-B at week 0 76.4 (46.8 10 122.9) 86.8 (48.7 10 211.3) 315
HOMA-B at week 24 74.1 (54.5 10 103.6) 63.6 (45.4 10 102.9) 252
% change —-6.0 (-23.3 10 26.9) -19.8 (-52.7 10 3.3) .040
P value for Wilcoxon signed-rank test 467 <.001

Fasting glucose at week 0, mg/dL 111.2+10.2 110.0+10.0 .566
Fasting glucose at week 24, mg/dL 107.7+13.4 113.3+12.4 .039
% change -3.2+8.6 3.8+13.2 .003
Pvalue for paired T test .016 .075

HbA1c at week 0, % 6.0+£0.3 6.0+0.6 443
HbA1c at week 24, % 6.0+0.3 6.0+£04 498
% change 0.1+32 05+47 625
Pvalue for paired T test .876 469

Insulin at week 0, mlU/L 9.5(6.4t015.9) 10.2 (6.6 t0 27.9) .361
Insulin at week 24, mlU/L 9.2(7.21013.9) 9.7 (5.91013.8) 750
% change -3.6 (-31.61019.5) —6.8 (-52.21t021.1) 595
P value for Wilcoxon signed-rank test 221 .082

Data are presented as mean =+ standard deviation or median (interquartile range). HbA1c = hemoglobin A1c, HOMA-B = homeostatic model assessment for beta cell function, HOMA-IR = homeostatic

model assessment for insulin resistance.

A Telmisartan-statin Amlodipine-statin

2.4 (1.7-4.4) 2.4 (1.8-3.4)

2.8(1.7-8.0) 2.6 (1.7-3.7)

Log HOMA-IR

week 0 week 24
P=0.087

week 0 week 24
P =0.407

B Telmisartan-statin Amlodipine-statin
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=
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B

=
[=]
o
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week 0 week 24
P =0.075
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P=0.016

Figure 2. The change of log HOMA-IR (A) and fasting glucose level (B) from week 0 to week 24 in each group. Values on the figure were median (interquartile
range) of HOMA-IR or mean + standard deviation of fasting glucose level. P values for Wilcoxon signed-rank test (A) and paired t test (B). HOMA-IR = homeo-

static model assessment for insulin resistance.

Although several studies on the effect of telmisartan on the
incidence of DM exist, the distinguishing feature of this study
was the focus on patients taking high-intensity statins. In sev-
eral studies, statins have been shown to increase the risk of DM
through various mechanisms. For example, statins can affect
pancreatic islet beta-cells and reduce insulin secretion rate.'®!”!
Another mechanism is that statins increase insulin resistance.
Statin induces the accumulation of fatty acids, which causes
a detrimental effect on insulin signaling in muscle cells.l?"!
Consistent with these results, HOMA-IR showed a significant
dose-dependent increase with 10, 20, and 40 mg of rosuvasta-
tin in hyperlipidemia patients with IFG.?! Studies have shown
that patients with several pre-existing risk factors for diabetes

are at a higher risk of developing diabetes due to statins.!>¢! In
this context, patients at risk of cardiovascular disease could
also possibly have a higher risk of developing diabetes due to
statins. Although it is strongly recommended not to discontinue
statins in patients at a high risk of developing ASCVD because
its protective effects on cardiovascular disease outweigh the risk
of diabetes,!!! considering the impaired quality of life and the
escalation of medical expenses due to DM, the development of
NODM must be reduced as well.??!

In ASCVD patients with hypertension and dyslipidemia,
the choice of antihypertensive drugs would be a good way to
lower the side effects of statins, especially the risk of NODM.
Among antihypertensive drugs, which are classified as first-line,
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P =0.845 P =0.047 P =0.044
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Telmisartan Amlodipine
-statin -statin

Telmisartan Amlodipine
-statin -statin

Telmisartan Amlodipine
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Figure 3. The proportion of participants with fasting plasma glucose =100 mg/dL (A) at week 0 and week 24 and new-onset DM (B) at week 24. DM = diabetes

mellitus; FPG = fasting plasma glucose; NODM = new-onset DM.

beta-blockers and thiazide-like diuretics are known to increase
insulin resistance.”’! In contrast, renin-angiotensin-aldosterone
system (RAAS) blockades, including ARB, can reduce the risk
of NODM through an important role in glucose homeostasis;
angiotensin Il negatively affects glucose uptake by inhibiting
Glucose Transporter Type 4 translocation in the muscle and adi-
pocytes, activates the inflammatory cytokine, and promotes the
sympathetic nervous system, thereby increasing blood catechol-
amine levels and resulting in insulin resistance.***! However,
calcium channel blockers, one of the most common antihy-
pertensive drugs, may be associated with a higher incidence of
DM than RAAS blockers in hypertensive patients.?! This trial,
COMPROMISE, illustrates that the amlodipine group showed
poor glucose metabolism, which may be a detrimental effect
caused by calcium channel blocker (CCB). However, in a network
meta-analysis comparing the association between antihyperten-
sive drugs and incident DM, ARB or angiotensin-converting
enzyme (ACE) inhibitor had the lowest risk and followed by
CCB and placebo, beta-blockers, and diuretics in rank order.?”!
Compared to placebo, CCB has a lower risk of diabetes, so the
detrimental effect of CCB seems to be less likely.”!

Of the many ARBs, telmisartan may be more effective in low-
ering the risk of diabetes and differs from other ARBs since it
is structurally similar to pioglitazone and can activate PPARY,
even at low concentrations.!'”’ Meta-analysis of 21 randomized
clinical trials showed the effect of improving insulin resistance
compared to telmisartan and other ARBs.?!! A previous study
showed that the combination of rosuvastatin with telmisartan
significantly decreased HOMA-IR in patients with IFG com-
pared to irbesartan or olmesartan.!!!!

In this study, there was no significant difference in HOMA-IR
reduction between the treatments. However, 24-week telmisar-
tan treatment preserved the levels of HOMA-B, reduced fasting
plasma glucose levels, and resulted in a smaller proportion of
participants with fasting plasma glucose of >100mg/dL. This
study observed a greater proportion of patients changing from
IFG to euglycemic status and a lower incidence of NODM in the
group receiving high-intensity statins, than in the group receiv-
ing the 24-week amlodipine treatment. Thus, this study was the
first to investigate the effects of telmisartan versus amlodipine
on glucose homeostasis in hypertensive ASCVD patients with
high-dose and high-intensity statin treatment.

The Telmisartan Randomised Assessment Study in ACE
Intolerant Subjects With Cardiovascular Disease (TRANSCEND)
did not demonstrate any reduction in the risk of NODM com-
pared to placebo in participants at a high risk of cardiovascular
disease but free from DM.?! However, in TRANSCEND, the
proportion of participants taking statins with prediabetes was
only 57% and 44.8%, respectively. In comparison, the differ-
entiating feature of this study was that all participants had IFG
and took a high-intensity statin.

Telmisartan showed a tendency to improve insulin resistance
and beta-cell function in patients with insulin resistance com-
pared to placebo.3 In contrast, the numerical improvement
in HOMA-IR was not shown in this study. Generally, telmis-
artan has a favorable effect on glucose metabolism, but there
are also reports indicating that telmisartan has a neutral effect
on HOMA-IR.P% One novelty of this study was that telmisar-
tan showed no changes in HOMA-B compared to amlodipine.
HOMA-B is a value that has been validated against complex
methods such as the glucose tolerance test and the euglyce-
mic-hyperinsulinemic clamp and has the advantage of being
easily calculated with routine laboratory measurements.*!! Low
HOMA-B is associated with a high risk of diabetes,*?! and this
study suggests that the beneficial effect of telmisartan on glucose
metabolism may be due to the mitigation of statin-induced of
beta-cell function deterioration. However, since HOMA-B is an
indirect measure of beta-cell function only accounting for fast-
ing status, further research is needed.

There were some limitations of this study. First, this study
was not double-blinded and not placebo-controlled. Second,
because this study targeted patients with clinical ASCVD,
most patients had hypertension, and the antihypertensive drug
previously administered could have affected the metabolic
parameters. Hence, a washout period should be considered
after discontinuation of antihypertensive drugs. However, the
setting of the washout period was impossible for patients with
clinical ASCVD. Third, beta-blockers can affect insulin resis-
tance and glucose metabolism, their effects vary depending on
the type of beta-blockers.!*! Since we did not control the type
of beta-blockers, we cannot rule out the effects of differences
in beta-blockers in use. However, the use rate of beta-blockers
between the 2 groups was similar. Fourth, this study did not
target statin-naive patients. Previous studies have shown that



Lee et al. ® Medicine (2022) 101:36

the duration, dosage, and type of statin administration can
affect diabetes incidence.’*%! Therefore, the possibility that
these factors influenced HOMA-IR cannot be excluded. Fifth,
the follow-up duration of the study may have been too short
to investigate the change of insulin resistance. The incidence of
NODM was less in the telmisartan-statin group in this study,
but a longer follow-up period might have helped to show a
clear causal relationship between antihypertensive drugs and
high-intensity statin-induced insulin resistance. Sixth, this
study used HOMA-IR, which is calculated by using fasting
insulin and glucose levels, as an index for insulin resistance.
There are various indices for insulin resistance, and a more
in-depth analysis would have been possible if we had measured
postprandial insulin and glucose. Finally, weight changes or
lifestyle modifications might affect glucose metabolism even
with short-term observation, but these variables were not
analyzed.

5. Conclusions

In summary, the telmisartan-rosuvastatin treatment combi-
nation did not significantly improve insulin resistance, but
preserved insulin secretion, improved fasting blood glucose,
and reduced the risk of NODM more than the amlodipine-ro-
suvastatin combination in hypertensive ASCVD patients with
IFG.

Acknowledgments

The authors thank Editage (www.editage.co.kr) for English lan-
guage editing.

Author contributions

Conception and design: Chan Joo Lee, Jong-Youn Kim, Byeo-
ng-Kuek Kim

Collection and assembly of data: Jung-Hoon Sung, Tae-Soo
Kang, Jong-Youn Kim, Byeong-Kuek Kim

Data analysis and interpretation: All authors.

Manuscript writing: Chan Joo Lee, Byeong-Kuek Kim

Final approval of manuscript: All authors.

Accountable for all aspects of the work: All authors.

References

[1] Grundy SM, Stone NJ, Bailey AL, et al. 2018 AHA/ACC/AACVPR/
AAPA/ABC/ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA guideline on
the management of blood cholesterol: a report of the American college
of cardiology/American heart association task force on clinical practice
guidelines. ] Am Coll Cardiol. 2019;73:€285-350.

Violi E Calvieri C, Ferro D, Pignatelli P. Statins as antithrombotic
drugs. Circulation. 2013;127:251-7.

Sattar N, Preiss D, Murray HM, et al. Statins and risk of incident dia-
betes: a collaborative meta-analysis of randomised statin trials. Lancet.
2010;375:735-42.

Carmena R, Betteridge D]. Diabetogenic action of statins: mechanisms.
Curr Atheroscler Rep. 2019;21:23.

Han KH. Functional implications of HMG-CoA reductase inhibition
on glucose metabolism. Korean Circ J. 2018;48:951-63.

Preiss D, Seshasai SR, Welsh P, et al. Risk of incident diabetes with inten-
sive-dose compared with moderate-dose statin therapy: a meta-analy-
sis. Jama. 2011;305:2556-64.

Ridker PM, Pradhan A, MacFadyen JG, Libby P, Glynn R].
Cardiovascular benefits and diabetes risks of statin therapy in pri-
mary prevention: an analysis from the JUPITER trial. Lancet.
2012;380:565-71.

Waters DD, Ho JE, Boekholdt SM, et al. Cardiovascular event reduc-
tion versus new-onset diabetes during atorvastatin therapy: effect of
baseline risk factors for diabetes. ] Am Coll Cardiol. 2013;61:148-52.

2

[3

[4

(5

6

[7

8

www.md-journal.com

[9] Li H, Lin H, Zhao H, et al. Statins use and risk of new-onset diabetes

in hypertensive patients: a population-based retrospective cohort study

in Yinzhou district, Ningbo city, People’s Republic of China. Ther Clin

Risk Manag. 2018;14:823-32.

Benson SC, Pershadsingh HA, Ho CI, et al. Identification of telmis-

artan as a unique angiotensin II receptor antagonist with selective

PPARgamma-modulating activity. Hypertension. 2004;43:993-1002.

Rizos CV, Milionis H]J, Kostapanos MS, et al. Effects of rosuvastatin

combined with olmesartan, irbesartan, or telmisartan on indices of glu-

cose metabolism in Greek adults with impaired fasting glucose, hyper-
tension, and mixed hyperlipidemia: a 24-week, randomized, open-label,
prospective study. Clin Ther. 2010;32:492-505.

Marketou ME, Kontaraki JE, Tsakountakis NA, et al. Differential effect

of telmisartan and amlodipine on monocyte chemoattractant protein-1

and peroxisome proliferator-activated receptor-gamma gene expression

in peripheral monocytes in patients with essential hypertension. Am J

Cardiol. 2011;107:59-63.

[13] Nagel JM, Tietz AB, Goke B, Parhofer KG. The effect of telmisartan on
glucose and lipid metabolism in nondiabetic, insulin-resistant subjects.
Metabolism. 2006;55:1149-54.

[14] Mori Y, Tanaka T, Matsuura K, Yokoyama J, Utsunomiya K. Influence
of telmisartan on insulin response after glucose loading in obese patients
with hypertension: ARB trial of hypertension in obese patients with
hyperinsulinemia assessed by oral glucose tolerance test (ATHLETE).
Adv Ther. 2011;28:698-706.

[15] Williams B, Mancia G, Spiering W, et al. 2018 ESC/ESH Guidelines
for the management of arterial hypertension. Eur Heart J.
2018;39:3021-104.

[16] American Diabetes Association. 2. Classification and diagnosis of
diabetes: standards of medical care in diabetes-2018. Diabetes Care.
2018;41 (Suppl 1):513-S27.

[17] Shimabukuro M, Tanaka H, Shimabukuro T. Effects of telmisar-

tan on fat distribution in individuals with the metabolic syndrome. J

Hypertens. 2007;25:841-8.

Yada T, Nakata M, Shiraishi T, Kakei M. Inhibition by simvastatin,

but not pravastatin, of glucose-induced cytosolic Ca2+ signalling and

insulin secretion due to blockade of L-type Ca2+ channels in rat islet
beta-cells. Br J Pharmacol. 1999;126:1205-13.

Salunkhe VA, Elvstam O, Eliasson L, Wendt A. Rosuvastatin treat-

ment affects both basal and glucose-induced insulin secretion in INS-1

832/13 cells. PLoS One. 2016;11:¢0151592.

Martins AR, Nachbar RT, Gorjao R, et al. Mechanisms underlying

skeletal muscle insulin resistance induced by fatty acids: importance of

the mitochondrial function. Lipids Health Dis. 2012;11:30.

Kostapanos MS, Milionis HJ, Agouridis AD, Rizos CV, Elisaf MS.

Rosuvastatin treatment is associated with an increase in insulin resis-

tance in hyperlipidaemic patients with impaired fasting glucose. Int ]

Clin Pract. 2009;63:1308-13.

[22] Bommer C, Heesemann E, Sagalova V, et al. The global economic
burden of diabetes in adults aged 20-79 years: a cost-of-illness study.
Lancet Diabetes Endocrinol. 2017;5:423-30.

[23] Stump CS, Hamilton MT, Sowers JR. Effect of antihypertensive agents
on the development of type 2 diabetes mellitus. Mayo Clin Proc.
2006;81:796-806.

[24] Velloso LA, Folli F, Sun XJ, White MF, Saad M], Kahn CR. Cross-talk
between the insulin and angiotensin signaling systems. Proc Natl Acad
Sci USA. 1996;93:12490-5.

[25] Reaven GM, Lithell H, Landsberg L. Hypertension and associated met-
abolic abnormalities--the role of insulin resistance and the sympatho-
adrenal system. N Engl ] Med. 1996;334:374-81.

[26] Noto H, Goto A, Tsujimoto T, Noda M. Effect of calcium channel

blockers on incidence of diabetes: a meta-analysis. Diabetes Metab

Syndr Obes. 2013;6:257-61.

Elliott WJ, Meyer PM. Incident diabetes in clinical trials of antihyper-

tensive drugs: a network meta-analysis. Lancet. 2007;369:201-7.

[28] Wang Y, Qiao S, Han DW, et al. Telmisartan improves insulin resis-

tance: a meta-analysis. Am J Ther. 2018;25:e642-51.

Barzilay JI, Gao P, Rydén L, et al. Effects of telmisartan on glucose

levels in people at high risk for cardiovascular disease but free from

diabetes: the TRANSCEND study. Diabetes Care. 2011;34:1902-7.

[30] Bahadir O, Uzunlulu M, Oguz A, Bahadir MA. Effects of telmisartan
and losartan on insulin resistance in hypertensive patients with meta-
bolic syndrome. Hypertens Res. 2007;30:49-53.

[31] Cersosimo E, Solis-Herrera C, Trautmann ME, Malloy J, Triplitt CL.
Assessment of pancreatic B-cell function: review of methods and clini-
cal applications. Curr Diabetes Rev. 2014;10:2-42.

[10

(11

[12

[18

=
X2

[20

21

27

[29


www.editage.co.kr

Lee et al. ® Medicine (2022) 101:36

[32] Song Y, Manson JE, Tinker L, et al. Insulin sensitivity and

[33

insulin secretion determined by homeostasis model assessment
and risk of diabetes in a multiethnic cohort of women: the
Women’s Health Initiative Observational Study. Diabetes Care.
2007;30:1747-52.

Fonseca VA. Effects of beta-blockers on glucose and lipid metabolism.
Curr Med Res Opin. 2010;26:615-29.

[34]

[35]

Medicine

Vallejo-Vaz AJ, Kondapally Seshasai SR, Kurogi K, et al. Effect of
pitavastatin on glucose, HbAlc and incident diabetes: a meta-analysis
of randomized controlled clinical trials in individuals without diabetes.
Atherosclerosis. 2015;241:409-18.

Millan Nuriez-Cortés J, Cases Amen6s A, Ascaso Gimilio JE et al. Consensus
on the statin of choice in patients with impaired glucose metabolism: results
of the DIANA study. Am J Cardiovasc Drugs. 2017;17:135-42.



