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Aim: To compare the efficacy and tolerability of different antihypertensive drugs in diabetic patients with hypertension. Materials and methods: A
prospective, comparative study was conducted in 370 diabetes patients suffering from mild to moderate hypertension of either sex aged
between 30-80 years. Patients with systolic blood pressure (SBP) above 130 mm Hg and patients with diastolic blood pressure (DBP) above 80
mm Hg were included in the study. Drugs used were ACE Inhibitor (ACE I), Beta blocker (BB), Calcium channel blocker (CCB) and Diuretic in
monotherapy (n=134) and in 2 and 3 drugs combination (n=236). After 8 weeks of therapy patients were assessed for efficacy and tolerability.
Results: Males were 51.3% and females 48.6%. There was a significant control (P<0.01) in mean blood pressure in 90% of patients. Highest
decrease in SBP was seen with ACE I+BB+Diuretic combination (39%) and in DBP with CCB+Diuretic combination (18.8%). A total of 74.5% of
patients were prescribed ACE | in monotherapy and combination therapy groups. Adverse drug reactions (ADRs) reported were pedal edema,
dry cough, headache, dizziness and muscle cramps. Discussion and conclusion: All the drug groups from monotherapy and combination
therapy reduced BP effectively. Most effective groups were ACE 1+BB+Diuretic and CCB+Diuretic combination. ACE | was effective and most

frequently used drug. Two drug combination therapies were commonly prescribed —50.2%.
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INTRODUCTION

Hypertension in diabetes is one of the most widespread,
substantial and treatable cardivascular risk factors of
importance in clinical practice. As the number of diabetes
patients increases on a global scale, so too does the number of
patients with concomitant hypertension. Data from
randomised trials have increasingly shown the benefits of
tight blood pressure control in patients with type 2 diabetes. '

Management of hypertension in diabetics demands special
attention, more so in Indian scenario. Higher prevalence of
hypertension amongst diabetics in India has been reported
since 1985.” The presence of hypertension in diabetic patients
substantially increases the risks of coronary heart disease,
stroke, nephropathy and retinopathy. Indeed, when
hypertension coexists with diabetes, the risk of

Address for Correspondence:

Beulah Samuel, Vinayaka Mission University, Sankari Main Road, Ariyanoor,
Salem 636308, Tamil Nadu, India

E-mail: beulah_milton@yahoo.com

Indian Journal of Pharmacy Practice | Volume 5 | Issue 1 | Jan - Mar, 2012

cardiovascular disease is increased by 75%, which further
contributes to the overall morbidity and mortality of an
already high-risk population.’

In general, only 25 percent of patients with hypertension have
adequate control of their blood pressure." Blood pressure
goals are lower, and thus more difficult to achieve, in patients
who also have diabetes. Elevated blood pressure is known to
contribute to diabetic microvascular and macrovascular
complications. Fortunately, reductions in blood pressure can
decrease the risk of these complications.’

Numerous national and international guidelines exist for the
management of hypertension. Currently, the most influential
guidelines in the United States addressing the appropriate
treatment of hypertension in patients with diabetes are the
seventh report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of High
Blood Pressure guidelines (JNC-7),° National Kidney
Foundation (NFK) Kidney Disease Outcomes Quality
Initiative (KDOQI) guidelines,” and American Diabetes
Association (ADA) guidelines.”
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Rigorous blood pressure control to the targets recommended
in treatment guidelines is paramount for reducing the
progression of diabetic nephropathy to End Stage Renal
Disease (ESRD). The JNC-7° NKF KDOQI, " and ADA®
guidelines all recommend a blood pressure goal of <130/80
mm Hg in patients with diabetes (versus <140/90 mm Hg for
patients without diabetes) to optimally preserve renal
function and reduce cardiovascular events.

Although a number of monotherapies and multidrug therapies
are available for the treatment of hypertension, current
guidelines provide evidence-based recommendations for the
use of specific antihypertensive agents in patients with
diabetes. The JNC-7,° KDOQI,’ and ADA® guidelines
recommend the use of either ACE Inhibitors (ACEIs) or
Angiotensin Receptor Blockers (ARBs) as initial therapy to
achieve the blood pressure target in patients with type 2
diabetes mellitus. If one class is not tolerated, the other should
be substituted if it is not contraindicated. Neither ACE
inhibitors nor ARBs appear to produce any clinically
significant changes in metabolic measurements, such as
blood glucose and the lipid profile, which is an important
consideration in the presence of diabetes.

Most patients with diabetes will require two or more
antihypertensive therapies from different classes with
complementary mechanisms of action to control their blood
pressure.” Thiazide diuretics, B-blockers, or calcium channel
blockers (CCBs) can be added to ACE inhibitor or ARB
treatment to achieve target blood pressure, either as an
individual drug component or as part of a fixed-dose
combination product.®”*

The choice and doses of drugs used in combination therapy
should be such that their synergistic effect on blood pressure
is maximised, the tolerability of the drugs is maintained and
side effects are minimized. The present study was designed to
assess the drug use pattern of antihypertensive agents in
diabetic patients with hypertension, to evaluate the
tolerability and cost effectiveness related to hypertension and
their effect on therapy.

MATERIALS AND METHODS

It was a prospective and comparative study carried out at
Apollo K.H Hospital, Melvisharam, Tamilnadu, India.
Diabetic patients of either sex aged between 30-80 years
suffering from mild to moderate hypertension were selected
from General Medicine and Pharmacy outpatients units.
Patients with systolic blood pressure above 130 mmHg and
diastolic blood pressure above 80 mmHg were included in the
study. Pregnant and lactating women were excluded from the
study. Patients declared their willingness to participate in the
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study and written informed consent was obtained from them.
Patients who fulfilled inclusion and exclusion criteria were
enrolled in the study. Complete medical history, physical
examination, concomitant diseases and medication taken,
ECG (electrocardiogram) and baseline blood pressure, were
recorded in the case record form. The following baseline
investigations were done such as random blood sugar, blood
urea, serum creatinine, serum electrolytes, serum cholesterol,
serum bilirubin, serum glutamate pyruvate transaminase
(SGPT), serum glutamate oxaloacetate transaminase
(SGOT).

Depending on the severity of hypertension, patients were
prescribed antihypertensive drugs either as monotherapy or
combination therapy in (2 and 3 drug combination). Drugs
included in the treatment were ACE Inhibitor Smg once daily
orally, Beta blocker 50mg once daily orally, Calcium channel
blocker 10mg thrice daily orally and Diuretic 40mg twice
daily orally. Drugs used in monotherapy included ACE
Inhibitor and Beta blocker, while in combination therapy
included ACE Inhibitor, Beta blocker, Calcium channel
blocker and Diuretic. A+B, A+D, B+D, A+C, B+C, C+D,
A+B+D, A+B+C and A+C+D combination were prescribed.
After two months of therapy, patient's response to the ongoing
antihypertensive treatment was checked by obtaining BP
(though BP was checked every two weeks for the duration of
the study), their baseline ECG and biochemical parameters
were repeated. Patient's compliance to medication was
recorded. They were interrogated for any adverse effects. A
decrease in blood pressure (SBP <130 mmHg and DBP <80
mmHg) was the primary outcome measure. Secondary
outcome measures were a) Safety variables including
incidence, nature and intensity of adverse drug reactions
(ADRs)-dry cough, pedal edema, dizziness, rash, flushing
and diarrhoea. b) Changes in ECG and biochemical
parameters.

Statisitcal Analysis: All the values were expressed as Mean +
SD. Parametric test was done using Student's Paired't' test. P
value <0.05 was considered as significant with 95%
Confidence Interval.

RESULTS

Atotal of 370 patients participated in the present study. Out of
which 190 (51.3%) were males and 180 (48.6%) were
females. The demographic data of all the patients is shown in
Table-1.
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Table 1 Demographic data (n=370)

Patients were divided in different groups on the basis of
monotherapy and combination therapy. 36.21% patients
belonged to monotherapy group and 63.78% patients
belonged to combination therapy group.

Monotherapy group: n=134(36.21%)
ACE inhibitor—n=76
Betablocker—n=58
Combination therapy group: n=236(63.78%)
1. Two drug combination therapy, n=186 (50.27%)
ACE inhibitor + Beta blocker —n =88
ACE inhibitor + Diuretic—n=34

Betablocker + Diuretic—n= 14

ACE inhibitor + Calcium channel blocker —n=28

S.No | Ageinyears | No.of patients Male | Female Betablocker + Calcium channel blocker—n= 14
1 30-401 0 06 04 . .

Calcium channel blocker + Diuretic —n= 08
2 41-50 38 24 14

.. _ 0

3 51-60 % 38 58 2. Three drug combination therapy, n=150 (13.51%)
4 61-70 148 78 70 ACE inhibitor + Beta blocker + Diuretic —n =34
5 71-80 78 44 34 ACE inhibitor + Beta blocker + Calcium channel blocker

-n=10

ACE inhibitor + Calcium channel blocker + Diuretic —n =
06

Effect on systolic blood pressure: A highly significant
decrease in mean SBP was observed with ACE I and BB
monotherapy groups (P<0.001). Similarly there was highly
significant decrease (P<0.001) observed with A+B, A+D,
A+C, A+B+D, A+B+C and A+C+D combination therapy
whereas there was significant reduction with B+D, B+C and
C+D groups. (Table - 2)

Effect on diastolic blood pressure: A highly significant
decrease in mean DBP was seen in monotherapy groups
(P<0.001). There was also highly significant reduction
(P<0.001) in A+B, A+D, B+C, C+D, A+B+D and A+B+C
combination groups. Other combination groups showed a
significant reduction with B+D, A+C and A+C+D
combination groups. (Table - 3)

Table 2: Effect of drugs on systolic blood pressure (n=370)

Drugs Systolic BP Decreasein | % decrease 95% ClI p value
Baseline |After treatment SBP in SBP Baseline |After treatment
Monotherapy
A(n=76) | 158.6+30.86 | 129.7+9.41| 28.94+4.03 285 150.9 £166.3 | 127.3 £132.0 <0.001
B(n=58) | 162.3+2355 | 131.1+9.00| 31.17+3.63 31.1 1554 +169.1 | 128.5+133.7 <0.0012
Combination therapy
A+B (n=88) | 158.9+26.32 | 131.1+12.88| 27.78 £6.90 21.7 1458 +172.0 | 124.7 £137.5 <0.001
A+D (n=34) | 146.6 £12.02 | 123.7+£553 | 22.92+270 229 141.5+£151.7 | 121.3+£126.0 <0.001
B+D (n=14) | 168.5+30.55 | 132.0 +11.14| 36.50 £ 11.50 36.5 143.0+194.0 | 122.7 £141.3 0.006
A+C (n=28) | 160.3£27.59 | 131.1+12.38| 29.21+3.42 29.2 154.0 £ 166.5 | 128.3 £133.8 <0.001
B+C (n=14) | 158.6 £28.52 | 131.7£10.27| 26.86 £ 8.10 26.8 1421 +175.0 | 125.8 £ 137.6 0.002
C+D (n=08) | 155.0+17.73 | 128.0+9.04 | 27.00+7.03 27.0 140.2 £ 169.8 | 120.4 £ 135.6 0.001
3 Combination therapy
A+B+D (n=34)| 175.0£17.32 | 136.0+4.61 | 39.00 +8.96 39.0 1474 +202.6 | 128.7 £ 143.3 <0.001
A+B+C (n=10)| 151.2+17.78 | 127.0+8.35| 2419+ 347 241 144.8 £157.6 | 124.0 £130.0 <0.001
A+C+D (n=06)| 140.8 +0.95 121.5+0.57 | 19.25+0.55 18.5 139.2+142.3 | 120.6 £ 122.4 <0.001

A -ACE inhibitor, B — Beta blocker, C — Calcium channel blocker, D — Diuretic;
Cl - confidence interval (lower & upper limits), SBP — systolic blood pressure; Values are expressed as mean + SD
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Table 3: Effect of drugs on diastolic blood pressure (n=370)

Drugs Diastolic BP Decreasein | Y% decrease 95% ClI p value
Baseline |After treatment DBP in DBP Baseline |After treatment
1. Monotherapy

A(n=76) |96.88+16.22 | 80.94+7.70 | 15.94+224 15.9 92.82£100.9 | 79.01 +82.86 <0.001
B(n=58) | 97.92+1515 | 79.58+8.98 | 18.33+2.54 18.3 93.52£102.3 | 76.98 +82.19 <0.001

2. Combination therapy
A+B (n=88) | 92.50+6.07 | 77.50+6.42 | 15.00+1.80 15.0 89.93 £95.07 | 74.79 +80.21 <0.001
A+D (n=34) | 9990+ 14.28 | 81.60+8.43 | 18.29 +1.87 18.3 96.68 £ 103.1 | 79.70 + 83.50 <0.001
B+D (n=14) | 100.0 £13.09 | 83.75+11.57| 16.25+6.17 16.2 89.05+ 110.9 | 74.07 +93.43 0.019
A+C (n=28) | 97.14 £14.37 | 80.00+10.00| 17.14 +4.68 17.1 88.84 £105.4 | 74.23 +85.77 0.001
B+C (n=14) | 92.22+255 | 75.00+4.20 | 17.22+1.15 15.5 90.95+93.49 | 72.91+77.09 <0.001
C+D(n=08) | 96.00+8.15 | 77.14+7.26 | 18.86+2.91 18.8 91.29+100.7 | 72.95+81.34 <0.001

3. Combination therapy
A+B+D (n=34)] 96.67+5.16 | 78.33+6.83 | 18.33 +3.49 18.3 91.25+£102.1 | 71.16 + 85.50 <0.001
A+B+C (n=10)] 95.00+5.34 | 77.50+5.97 | 17.50 +2.83 17.5 90.53 £99.47 | 72.50 + 82.50 <0.001
A+C+D (n=06)| 92.50+2.88 | 77.50+2.88 | 15.00 +2.04 15.0 87.91+97.09 | 72.91+82.09 0.003

A-ACE inhibitor, B — Beta blocker, C — Calcium channel blocker, D — Diuretic;
Cl - confidence interval (lower & upper limit), DBP — diastolic blood pressure; Values are expressed as mean + SD

A total of 90% of patients showed significant control in BP
after 8 weeks of therapy. In both monotherapy and
combination therapy ACEI was used most frequently in
74.5% followed by Beta blocker 58.9%, Diuretic 25.9% and
Calcium channel blocker 17.8%. Few patients were on
concomitant medication. Aspirin was prescribed to 60
patients, statins to 68 patients and aspirin + statin to 242
patients. As many as 110 (29.7%) of patients were without any
co-existing diseases. 208 patients (56.2%) had Coronary
artery disease (CAD), 52 patients (14.0%) were suffering
from cerebrovascular accident (CVA).

No serious adverse drug reactions were reported. Some of the
common ADRs reported were pedal edema, headache, dry
cough, dizziness and muscle cramps/myalgia. However
percentage of ADRs increased when given in combination
therapy. Biochemical parameters were within normal limits.
Patients' compliance was good.

DISCUSSION

In the present study most common classes of antihypertensive
drugs such as Angiotensin Converting Enzyme Inhibitors
(ACElIs), Calcium Channel Blockers (CCBs), Beta-blockers
(BBs), and Diuretics were used to treat mild to moderate
hypertension in diabetes patients. Differences between
antihypertensive drugs were assessed principally by
comparing their antihypertensive efficacy and tolerability. All
the drug groups were shown to be effective in controlling BP.
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We used the same classes of drugs in our study, which were
given in JNC 7 classification of antihypertensive drugs. Our
results were consistent with the previous studies where they

10,11
used the same classes of drugs.

ACE inhibitors are considered preferred therapy in patients
with hypertension and diabetes, according to guidelines from
the ADA, the NKF, the World Health Organization, and the
JNC VIL.”"™"** Findings from the Heart Outcomes Prevention
Evaluation (HOPE) study also support the above
recommendations.” This trial showed a reduction in
cardiovascular events in patients taking a maximum dosage of
ACE inhibitors. Our study also shows that ACE inhibitors
were the most frequently used drug in both monotherapy and
combination therapy.

There have been several studies using combination therapy
compared to monotherapy to assess cardiovascular outcomes
in hypertensive patients, which have demonstrated a greater
reduction of cardiovascular events with a combination of two
agents than with each of the components. Recently, a meta-
analysis of trials evaluating the use of antihypertensives in
high-risk patients, including those with diabetes, showed that
ACE inhibitor therapy resulted in a 20 to 30 percent decrease
in the risk of stroke, coronary heart disease, and major
cardiovascular events.” A second meta-analysis compared
ACE inhibitors with other antihypertensive agents in patients
with diabetes.”” Three of the four studies evaluated showed

ACE inhibitors to be of significantly greater benefit when
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compared with other antihypertensives in the reduction of
acute myocardial infarction, cardiovascular events, and all-
cause mortality. In our study we noted that majority of
patients were on 2 drug combination therapy, mostly with
ACE inhibitor, Beta blocker or diuretic combination, hence
supporting the above studies.

Studies conducted previously showed that BB reduced mean
SBPby 18.2+11.3 mmHg"* and ACE I by 10.0+2.0 mmHg,"
whereas in our study BB and ACE I monotherapy reduced
mean SBP by 31.1 £ 3.6 mmHg and 28.9 + 4.0 mmHg
respectively, which showed more effective reduction than
previous studies. Edward et al found reduction in mean SBP
by 18.0 mmHg with BB+CCB combination”. Our study
showed 26.8 mmHg reductions, which was more effective
reduction than the above study. There was significant
reduction of 22.9 + 2.7 mmHg in mean SBP with ACE I and
Diuretic combinations in diabetic patients with moderate
hypertension. Similarly in one study there was effective
reduction of mean SBP in moderate HTN with ACE I and a
diuretic combination.”

In our study, combination of ACE I+BB reduced mean SBP
by 27.7 +£ 6.9 mmHg whereas ACE I alone in monotherapy
showed 28.9 £ 4.0 mmHg reduction. We found that
monotherapy with ACE inhibitor was more effective than
combination of ACE inhibitor with BB. Wing et al found that
the combination of ACE I+BB to be largely ineffective when
compared to ACE 1 alone” hence supporting our study.
Several studies reported that the combination of ACE I with

22,23

dihydropyridine CCB was especially effective.” = Our study
also showed effective reduction in mean SBP by 29.2 + 3.4
mmHg with ACEI+CCB combination. Reduction in mean
SBP with ACE [+BB+CCB was 24.1 + 3.4 mmHg, while
ACEI+BB+Diuretic combination showed 39.0 + 8.9 mmHg
reduction. Previous studies were also reported that the
combination of an ACE I plus BB plus Diuretic was more
effective than an ACE I plus BB plus CCB** hence

supporting our study.

In the present study we found significant reduction in mean
DBP with both monotherapy as well as combination therapy.
Previous studies reported 11.5 + 8.3 mmHg and 8.0 + 1.0
mmHg reduction of mean DBP with BB and ACEI
monotherapy respectively, ™ whereas our study showed 18.3
+ 2.5 mmHg and 15.9 + 2.5 mmHg reduction in mean DBP
with BB and ACEI monotherapy, which showed more
effective reduction than previous studies. In a previous study
there was 13.0 mmHg fall in mean DBP with BB+CCB
combination, ** we observed more effective reduction of 17.2

+ 1.1 mmHg with the same combination therapy. Effective
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reduction in mean DBP was seen with ACEI+CCB,
ACEI+Diuretic and BB+Diuretic combination therapy which
were 17.1 £ 4.6 mmHg, 18.2 = 1.8 mmHg and 16.2 + 6.1
mmHg respectively. Previous studies also proved effective
reduction with the above combination therapy."””
Combination of ACE I+BB+Diuretic showed 18.3 + 3.4
mmHg reduction in means DBP whereas ACE [+BB+ CCB
showed reduction of 17.5 + 2.8 mmHg. Our results support
the previous studies” which reported that ACE
[+BB+Diuretic is more effective than ACE [+BB+CCB
combination and we also found the same results with mean
SBP with the above combination therapy.

We observed that combination therapy was used for both mild
and moderate HTN. Among all the groups ACE
[+BB+Diuretic combination was highly effective in reducing
SBP and CCB+Diuretic was highly effective in reducing
mean DBP.

It was noted that diabetic patients with HTN were mostly
given ACE 1. Patients with CAD and CVA were on ACE
I+BB. We had observed that there was frequent use of ACE 1
in various comorbid conditions associated with HTN.
According to JNC 7 classification, compelling indication for
use of ACEIs are CVA, CAD, DM, heart failure and chronic
kidney disease. Hence ACElIs are a valuable addition to the
pharmacotherapy of HTN.® These studies recommended
better adherence to JNC 7 guidelines.

In addition to antihypertensive drugs, patients were advised to
take adjuvant therapy like aspirin and statins. Several studies
demonstrated that use of aspirin leads to 16% reduction in all
cardiovascular events and 20% reduction in myocardial
infarction in hypertensive patients.”™ > HTN and
hypercholesterolemia often co-exist as risk factor and one
study (ASCOTLLA) observed the benefits of lipid lowering

therapy in hypertensive patients. *

Patients on ACE I monotherapy (20%) complained of
dizziness and this was increased with combination ACE
[+CCB+Diuretic. Pedal oedema was reported by 22% of
patients, who were on CCB treatment. No serious ADRs were
observed in our study. Most frequently encountered side
effect with ACE was dry cough (10%). Constipation, pedal
edema and headache were reported in patients who were on
CCB. Patients with BB, CCB and Diuretic combination
therapy complained of myalgia and dizziness, which are all
predictable ADRs.

Life style modifications also termed as non-pharmacological
therapy can decrease and help in controlling BP. These
changes are useful when implemented in conjunction with
drug therapy. They can enhance the efficacy of
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antihypertensive agents and decrease cardiovascular risks
and may even reduce the number of required drugs and their
dosage. Major life style modifications include weight
reduction in those individuals who are overweight or obese”
and adoption of Dietary approaches to Stop Hypertension
(DASH) eating plan which is rich in potassium, calcium and
dietary sodium reduction and physical activity™ ™" * which
have shown to achieve better results in lowering BP.

CONCLUSION

There is a strong epidemiological connection between
hypertension in diabetes and adverse outcomes of diabetes.
Clinical trials demonstrate the efficacy of drug therapy in
reducing these outcomes and in setting an aggressive blood
pressure—lowering target of <130/80 mmHg. It is very clear
that many people will require three or more drugs to achieve
the recommended target. Achievement of the target blood
pressure goal with a regimen that does not produce
burdensome side effects and is at reasonable cost to the patient
is probably more important than the specific drug strategy.

Because many studies demonstrate the benefits of ACE
inhibitors on multiple adverse outcomes in patients with
diabetes, including both macrovascular and microvascular
complications, in patients with either mild or more severe
hypertension and in both type 1 and type 2 diabetes, the
established practice of choosing an ACE inhibitor as the first-
line agent in most patients with diabetes is reasonable.

We could conclude from our study that all groups in
monotherapy and combination therapy were equally effective
in reducing BP. Combination therapy was used in large
proportion of patients to treat hypertension in diabetes, in
which two drug combinations were used more. Monotherapy
with ACE I was more effective than ACE I+ BB combination.
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