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ABSTRACT

Introduction: The present study aimed to compare the effects of the angiotensin Il receptor blocker
candesartan and the calcium channel blocker amlodipine on blood pressure and metabolic profile in non-
diabetic hypertensive patients. Methods: The study involved non-diabetic patients with mild to moderate
hypertension. They were randomly assigned to receive candesartan or amlodipine for 24 weeks,
parameters were evaluated at baseline and after 12 weeks and 24 weeks for each patient group. Results:
Candesartan and amlodipine both reduced blood pressure and the HOMA-IR index significantly (P < 0.05,
24 weeks vs. baseline). Candesartan was more effective than amlodipine in lowering blood pressure
and HOMA-IR, although the difference was not significant statistically. Conclusion: Both candesartan
and amlodipine are extremely effective at reducing blood pressure in moderate hypertension patients.
Candesartan cilexetil has a major benefit in terms of tolerability, as it reduces the risk of developing

metabolic dysregulation.
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INTRODUCTION

Because of the associated economic, morbidity and
mortality effects on society, hypertension remains
a serious public health disorder. It is a significant
contributor to cardiovascular, cerebrovascular
and renal complications."? Various classes of
antihypertensive drugs that act via distinct
pharmacodynamics mechanisms and are used to
treat hypertension are known, and none of them
are without adverse metabolic effects.** According
to available evidence, disorders of carbohydrate and
lipid metabolism are more prevalent in hypertensive
individuals, asserting that the pathogenic
association between diabetes mellitus and
hypertension is actually bidirectional.>® Electrolyte
disturbances, dyslipidemia, hyperglycemia or even
hypoglycemia, are the adverse reactions that restrict
the use of these drugs in hypertensive patients
who have comorbid conditions including diabetes
mellitus.”® Medications that function as inhibitors of
the angiotensin converting enzyme and antagonists
of the angiotensin receptor II provide comparable
benefits in terms of cardiovascular mortality and
morbidity reduction, they have a distinct adverse
effect profile. These drugs, in particular, exhibit a
wide range of effects on metabolic parameters such
as glucose, insulin, and lipid levels. *°

Hypertensive patients are at risk of developing
diabetes mellitus because hypertension impairs
glucose tolerance and induces insulin resistance.
When diabetes is combined with hypertension,
the risk of cardiovascular disease is significantly
increased.’” As a consequence, it is important
that antihypertensive drugs are chosen safely to
reduce adverse effects on metabolic parameters, or
exacerbate hypertensive patients' already insulin
resistant state, but rather prevent hypertensive
patients from developing diabetes mellitus."

Dry cough, hyperkalemia, proteinuria, and
hypersensitivity reactions being the most common
adverse reactions of angiotensin converting enzyme
inhibitors although these are the most frequently
used drugs for hypertension. There is no evidence
that these drugs have a beneficial or detrimental
effect on the lipid profile, blood glucose, or insulin
levels.? Additionally, the available evidence indicates
that angiotensin receptor blockers can improve
hyperglycemia and dyslipidemia in patients with
diabetes and renal complications, as well as mitigate
the adverse effects of hyperglycemia.’

Numerous studies have established that angiotensin
receptor blockers, particularly candesartan, have
a sensitizing effect on the insulin receptor.’
Candesartan is a non-tetrozole monocarboxylic acid
angiotensin receptor blockers that acts similarly to
thiazolidinedione as an agonist at the peroxisome
proliferator-activated gamma receptor (PPAR),
this illustrates how it has an impact on glucose and
insulin metabolism. However, it is unknown whether
the entire ARB class shares this beneficial effect
on insulin sensitivity. It is believed that CCBs are
metabolically inert. The short half-life of nifedipine
is associated with decreased insulin sensitivity. Few
studies have demonstrated that long-acting calcium
channel blockers, such as amlodipine, improve
glucose homeostasis and reduce insulin resistance.
The aim of study to assess and compare effects
of candesartan and amlodipine, two commonly
used first-line antihypertensive medications, on
glucometabolic parameters and lipid profile in non-
diabetic hypertensive patients.

MATERIALS AND METHODS

The study enrolled fifty non-diabetic patients with
mild to moderate hypertension (SBP: 140-159 mmHg
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and/or DBP: 90-99 mmHg) aged 18 to 68 years of both sexes, attending
the outpatient clinic in IBN-SINA Teaching Hospital. The study was
piloted in conformity with the Declaration of Helsinki's principles,
and all participants supplied written informed consent before the
study's start. Exclusion criteria include patients with diabetes mellitus,
a history of hypersensitivity to ARBs/-blockers, renal artery stenosis,
acute or chronic renal failure, patients with significant cardiovascular
disease, pregnant/lactating women, or women planning to become
pregnant. Study approval was made by the Research Ethical Committee
at University of Mosul. All biological kits involved in this study were
supplied by using BIOLABO kit (France).

Design of the study

The research design is a prospective, randomized controlled clinical
trial. The study's patients were randomly allocated to one of two groups
of fifty each to pursue the following treatments orally: Candesartan was
orally dosed from 8 to 16mg daily in Group I; amlodipine was orally
dosed from 5 to 10 mg daily in Group II. The patient was started on 8 mg
Candesartan or 5 mg amlodipine with daily blood pressure monitoring
at four-weekly follow-up visits. For each of these appointments, blood
pressure was taken. If the DBP was greater than 90 mm Hg, the dose
was doubled. Patients received the drugs followed up for three months
to determine the effects on blood pressure as well as the following
biochemical parameters:

Serum glucose level (FSG) and serum insulin level (FPI) were
determined using standard techniques on blood samples were collected
from subjects following an overnight fast. Insulin concentrations were
determined using the enzyme-linked immunosorbent assay (ELISA)
technique. The following equation was used to calculate the homeostasis
model assessment evaluation for insulin resistance (HOMA-IR) [fasting
insulin (uIU/L) x fasting glucose (nmol/L)/22.5].

Standard methods were used to determine lipid profile in serum
(HDL-C,TG, Total-C and LDL-C)." Friedewald's formula was used to
calculate low density LDL-C levels. Blood pressure was measured by
using a mercury sphygmomanometer with an appropriately sized cuff
that encircled at least 80% of the arm. Each patient was required to sit
for five minutes in a chair while their feet are floor touching and at heart
level arms supported in a private, quiet environment with a comfortable
room temperature. Blood pressure was measured using the auscultatory
process. The average of the two recordings was determined. Body Mass
Index was calculated using the Quetelet index formula BMI = Weight
in kg/(Height in m?).

Statistical Analysis was performed in which the data is expressed as
means + SD with a normal distribution and as median (range) for
data with a skewed distribution. Inter-group comparisons between
candesartan and amlodipine groups were performed using the unpaired
Student's t-test for Gaussian data. For intra-group (or between-group)
comparisons, analysis of variance (ANOVA) was used to compare
different parameters with a normal distribution within the same group
at various time points. Tukey Kramer and Dunn's tests were used as
posttests with multiple comparisons to determine which group was
responsible for the difference between Gaussian and non-Gaussian
results.

RESULTS

One hundred newly diagnosed hypertensive patients were enrolled in
the study. The patients were divided into two groups of fifty subjects.
One group received candesartan 8-16mg once daily while the other
group receive amlodipine 5-10mg once daily. They were followed up for
about three months' duration after receiving treatments.
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Effects of candesartan on blood pressure

The results of the study found that both systolic and diastolic blood
pressure were significantly increased (p<0.001) in hypertensive patients
before starting therapy. After therapy with candesartan, a highly
significant decrease (p<0.001) in both systolic and diastolic blood
pressure after three months of therapy had been obtained (Table 1).

Effects of candesartan on FSG, FSI and HOMA-IR

FSG, FSI and HOMA-IR were significantly increased (p<0.001) in
patients before starting therapy with candesartan. After therapy with
candesartan, a highly significant reduction (p<0.001) in FSG, FSI and
HOMA-IR after three months of therapy had been obtained (Table 2).

Effects of candesartan on lipid profile

The lipid profile (TC, TG, HDL and LDL cholesterol) was significantly
increased (p<0.001) in hypertensive patients before starting therapy
with candesartan. After therapy with candesartan, there were no
significant differences in TC, TG and LDL-C after three months of
therapy while there was a significant difference (p<0.001) in HDL-C
after three months of therapy with candesartan (Table 3).

Effects of amlodipine on blood pressure

Both systolic and diastolic blood pressure were significantly increased
(p<0.001) in hypertensive patients before starting therapy with
amlodipine. After therapy with amlodipine, a highly significant
reduction (p<0.001) in systolic and diastolic blood pressure after two
months of therapy had been obtained (Table 4).

Table 1: Effects of candesartan 8mg on blood pressure.

Mean+SD
Parameter
Before After p-value
SBP(mmHg) 142.50£6.62 127.60£6.15 <0.001
DBP(mmHg) 94.34+5.25 83.54+5.34 <0.001

Using paired t- test (n=50).

Table 2: Effects of candesartan 8mg on FSG, FSl and HOMA-IR level.

Mean£SD
Parameter
Before After p-value
FSG(mmol/l) 7.5+0.4 5.2+0.6 <0.001
FSI (uIU/ml) 11.53 + 3.61 9.49 + 4.68 <0.001
HOMA-IR 2.88 £0.917 1.79 £ 0.515 <0.001
Using paired t- test (n=50).
Table 3: Effects of candesartan 8mg on lipid profile.
MeanxSD
Parameter
Before After p-value
TC(mmol/l) 6.23+0.70 6.16£0.71 0.135(NS)
TG(mmol/1) 1.56£.0.40 1.47+0.42 0.240(NS)
HDL(mmol/l) 1.51£0.33 2.11+£0.39 <0.001
LDL(mmol/l) 4.12+0.65 4.00£0.70 0.098(NS)
NS= Non-significant.
Table 4: Effects of amlodipine 5mg on blood pressure.
Mean£SD
Parameter
Before After p-value
SBP(mmHg) 147.78+7.83 135.4748.30 <0.001
DBP(mmHg) 90.56+6.15 82.08+5.23 <0.001
Using paired t- test (n=50).
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Figure 1: Relationship between systolic blood pressure and FSG levels in the candesartan and control groups.
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Figure 2: Relationship between diastolic blood pressure and FSG levels in the candesartan and control groups.
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Figure 3: Relationship between systolic blood pressure and FSG levels in the amlodipine and control groups.
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Figure 4: Relationship between diastolic blood pressure and FSG levels in the amlodipine and control groups.

Table 5: Effects of amlodipine 5mg on fasting serum glucose.

Mean£SD
Parameter
Before After p-value
FSG(mmol/l) 6.55+0.38 5.35+0.66 <0.001
ESI (uIU/ml) 10.26 + 3.30 8.42 £2.56 <0.001
HOMA-IR 2.72£0.93 2.01 £0.634 <0.001
Using paired t- test (n=50).
Table 6: Effects of amlodipine 5mg on lipid profile.
Mean£SD
Parameter
Before After p-value
Total(mmol/l) 7.33+0.80 6.63+1.00 0.234(NS)
TG(mmol/l) 1.360.50 1.27+0.50 0.371(NS)
HDL(mmol/1) 1.56+0.40 1.70+0.37 0.136(NS)
LDL(mmol/l) 4.32+0.81 4.38+0.80 0.618(NS)

Using paired t- test (n=50).
NS= Not significant

Table 7: Comparison of percent variation of the studied parameters after
therapy with candesartan or amlodipine.

Mean=SD (%)
Parameter Candesartan Amlodipine p-value
(n=50) (n=50)

SBP(mmHg) -11.23+6.29 -10.55+5.43 0.194(NS)
DBP(mmHg) -10.70+7.1 -9.60£7.18 0.157(NS)
FSG(mmol/1) -19.4 £10.34 -17.85+11.34 0.067(NS)
ESI((uIU/ml) -2.5%£17.46 -2.18+15.22 0.374 (NS)
HOMA-IR -3.5+£25.13 -4.27+14.36 0.196(NS)
Total-C(mmol/1) -2.8+£16.23 -0.87+14.99 0.543(NS)
TG(mmol/l) -5.8+11.05 -6.62+13.15 0.325 (NS)
HDL-C(mmol/1) 12.40+20.17 3.46+19.8 <0.001
LDL-C(mmol/l) -7.85+29.12 -5.9+33.61 0.075(NS)

NS=Not significant using unpaired t-test.
Negative sign means decrease.

Table 8: Correlation between blood pressure and FSG level in patients
groups.

Systolic Blood Pressure Diastolic Blood Pressure
R p-value R p-value

0.623 0.01 0.60 0.01

Parameter

FSG (mmol/l)
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Effects of amlodipine on FSG, FSI and HOMA-IR level

The serum glucose, serum insulin and Insulin resistance levels were
significantly increased (p<0.001) in hypertensive patients before
starting therapy. After therapy with amlodipine, a highly significant
reduction in these parameters after two months of therapy had been
obtained (Table 5).

Effects of amlodipine on lipid profile

The lipid profile (TC, TG, HDL and LDL cholesterol) was significantly
increased (p<0.001) in hypertensive patients before starting therapy
with amlodipine. After therapy with amlodipine, a non-significant
statistical difference in TC, TG, HDL and LDL cholesterol after two
months of therapy had been obtained (Table 6).

Comparision between the statistical percentof variations
for the parameters after therapy with candesartan or
amlodipine

Table 7 shows a comparison between the percent variations of the
parameters after therapy with candesartan or amlodipine. A non-
significant difference has been obtained with all studied parameters
except for the HDL-C level. A significant elevation of HDL-C was
obtained with candesartan as compared with amlodipine (p<0.001).

In all studied groups, a significant positive correlation between systolic
blood pressure and fasting serum glucose level (FSG) was observed.
Additionally, a significant positive association existed between diastolic
blood pressure and FSG concentration in all studied groups (r
= 0.623, p = 0.01) and a significant negative correlation between
diastolic blood pressure and FSG level in all studied groups. r = 0.60
(p=0.01) (Table 8).

DISCUSSION

Current hypertension guidelines recommend four categories of
antihypertensive medications, including rennin angiotensin inhibitors,
beta adrenergic blockers, calcium channel blockers, and diuretics,
to help prevent potential cardiovascular events. Antihypertensive
medication selection can be influenced by the patient's ethnic origin,
age, or preferred indications.”

Although both angiotensin receptor blockers (ARBs) and calcium
channel blockers (CCBs) are appropriate for initiating antihypertensive
therapy, trials comparing the effectiveness and protection of ARBs
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and CCBs are minimal, and there is no proven study comparing their
clinical results over long periods of time in a real world situation.'*"”

The renin angiotensin aldosterone system (RAAS) is essential to
promoting insulin resistance. Angiotensin II-induced vasoconstriction
impairs tissue blood flow, further impairing glucose utilization.'
Angiotensin II inhibits phosphatidylinositol (PI) 3-kinase activation
by phosphorylating insulin receptor substrates (IRS)-1 through Janus
kinase 2 (JAK2) enzyme linked to the ATI receptor. This impairs
insulin signaling and results in the development of insulin resistance."”

Additionally, angiotensin II is associated with an increase in oxidative
stress, which further impairs insulin sensitivity. RAAS plays a major
role in rising skeletal muscle TNF- levels, which impairs glucose
transporter (GLUT) translocation and thus glucose utilization.
Angiotensin II promotes adipose tissue hypertrophy and preadipocyte
differentiation, respectively, through its AT1 and AT2 receptors. Insulin
resistance is promoted by cytokines released from this hypertrophied
adipose tissue.” Thus, angiotensin receptor blockers (ARBs) exert
their beneficial effects on glucose homeostasis through a variety of
mechanisms involving angiotensin-II inhibition.

Our results are in contrast previous research indicating that angiotensin
receptor blocker does not increase insulin sensitivity. A study compared
the effect of telmisartan (80 mg/day) versus losartan (50 mg/day) on
insulin resistance in hypertensive patients with metabolic syndrome
using the HOMA-IR. The mean HOMA-IR levels in the losartan
group at baseline and at the end of the analysis were 1.80.6 and 1.80.6,
respectively (P > 0.05).2!

Yavuz et al., (2003) investigated the effects of enalapril 5-40 mg versus
losartan 50-100 mg daily on insulin resistance and endothelial function
over a six-month period. At six months, the losartan group did not
exhibit a substantial decrease in HOMA-IR levels (2.3+0.6 to 1.5+0.7,
P > 0.05).” Huang et al. (2011) examined the effects of telmisartan
and losartan, both of which were administered for 16 weeks, on body
fat distribution and insulin sensitivity in obese Chinese hypertensive
patients. The losartan group did not exhibit a significant improvement
in HOMA-IR levels.”

Perl et al., (2010) investigated the antihypertensive and metabolic
effects of telmisartan and losartan in hypertensive patients with reduced
glucose tolerance after 12 weeks of treatment. Insulin resistance was
assessed using the HOMA-IR method. Insulin sensitivity was not
improved by losartan (baseline: 3.04+0.60, after losartan treatment:
3.38 +£0.84, P >0.05).* Moan et al. investigated the effects of losartan
50-100 mg daily on the glucose and insulin metabolism in patients with
moderate hypertension for four weeks.? The euglycemic glucose clamp
technique was used to determine insulin sensitivity. Losartan has no
detectable effect on insulin sensitivity. Also, Siegel et al., demonstrated
that losartan improved insulin sensitivity in patients with severe
hypertension.”

The difference between these studies and ours about candesartan's
impact on insulin resistance may be explained by dosage variations,
duration of losartan therapy, severity of hypertension, presence of
non-diabetic patients, or other unknown variables.* Numerous studies
confirm our findings regarding amlodipine's impact on glucometabolic
parameters. According to Ersoy et al., amlodipine administered at doses
of 5-10 mg daily for 12 weeks to type 2 diabetic hypertensive patients
decreased HOMA-IR from 5.59 1.0 to 3.61 0.5 (P<0.05).}

In general, CCBs are believed to have a favorable effect on insulin
sensitivity. Similar finding was reported by Al-Thanoon et al.® However,
they can perform a function other than being metabolically neutral.”
CCBs may help to reduce insulin resistance by acting as a vasodilator,
particularly in insulin-sensitive tissues, while having a negligible effect
on sympathetic nervous system activity.?® CCBs can aid in the signal
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transduction of glucose transporters and protect glycogen synthase
enzyme from calcium inhibition. The improvement in insulin sensitivity
caused by CCBs could be related to their antioxidant properties.*

Insulin resistance in obese patients is associated with increased
intracellular calcium levels. Thus, calcium channel blockers with a
long half-life can improve insulin sensitivity by limiting intracellular
calcium.” Additional calcium channel blockers, such as nicardipine,
amlodipine and manidipine have been shown in laboratory and clinical
trials to reduce TNF-a levels. TNF-a is a pro-inflammatory cytokine
developed by adipose tissue and has been linked to the development of
obesity-related insulin resistance.’

One significant drawback of this study is that the mechanisms by
which candesartan and amlodipine improve insulin resistance were not
established. Given that approximately 50% of hypertensive patients are
insulin resistant, our research makes a significant contribution. Our
research is one of the few to examine the effect of antihypertensive
drugs on insulin sensitivity and metabolic profiles in hypertensive
patients prior to the onset of diabetes.

CONCLUSION

Resistance in patients with mild to moderate hypertension, as shown in
our study. Additionally, this study emphasizes the serious importance
of identifying an antihypertensive medication that does not increase
the likelihood of developing diabetes mellitus in hypertensive patients.
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