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INTRODUCTION 

Hypertension is one of leading causes of global burden of 

disease resulting in 7.6 million deaths (13-15% of total) 

and 92 million disability adjusted life years worldwide.
1
 

Hypertension (HTN) is well recognized as independent, 

dominant, modifiable risk factor for cardiovascular 

events such as myocardial infarction (MI), congestive 

heart failure (CHF), and end-stage renal disease.
2
 Strict 

blood pressure (BP) control has been shown to be 

associated with improved cardiovascular prognosis.
3 

Microalbuminuria is a marker of systemic inflammation 

and endothelial dysfunction and has been shown to 

predict cardiovascular disease (CVD) in patients with 

hypertension.
4
  

Losartan is specific angiotensin II type 1 receptor (AT -1) 

antagonist. It has dose dependent anti-hypertensive effect 
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which has been demonstrated in experimental and clinical 

studies.
5
 Recently the fixed dose combination of losartan 

and hydrochlorothiazide (HCTZ) has been reported to be 

effective for achieving a target BP level and also found to 

be effective in improvement in cardiovascular 

prognosis.
6-8 

Furthermore, it was also reported that 

addition of diuretics on RAAS inhibitor provided 

favourable effect for reduction of microalbuminuria.
9
 

Amlodipine is a calcium channel blocker routinely used 

for the treatment of hypertension in our hospital. It has a 

strong BP lowering effect throughout 24 hour period.
10 

Furthermore, it has been reported that high dose 

amlodipine provided target organ protection.
11 

Long term 

treatment with amlodipine was effective in reducing urine 

albumin excretion (UAE) rate in hypertensive patients 

with type II diabetes and microalbuminuria.
12

 Very few 

studies in India have compared the effect of these drugs 

on microalbuminuria. So, the present study was 

conducted to compare effect of losartan plus 

hydrochlorothiazide combination therapy and high dose 

amlodipine monotherapy on blood pressure and 

microalbuminuria. 

METHODS 

This prospective, randomised, open labelled, 8 week 

study was conducted from January 2013 to January 2014 

at Medicine Department of civil hospital attached to 

Government Medical College, Solapur after approval 

from institutional ethics committee.  

Inclusion criteria and exclusion criteria 

Men and women with age ≥20 years with newly 

diagnosed hypertension (according to JNC VII) and 

willing to give informed consent were included in the 

study.
13

 The diagnosis of hypertension was done by a 

senior physician present on duty based on clinic blood 

pressure (BP) measurement defined as an average sitting 

systolic blood pressure (sSBP) of 140 mm of Hg or 

higher and sitting diastolic blood pressure (sDBP) of 

90mm of Hg or higher at one to three minute intervals on 

two or more different occasions using a mercury 

sphygmomanometer (Crown manometer 300, made in 

India). Sitting BP was measured after 5 minutes of rest in 

the seated position. Patients with sitting systolic BP 

(sSBP) >180 mm of Hg and sitting diastolic BP (sDBP) 

>110 mm of Hg were excluded from the study. Patients 

with secondary HTN, diabetes, heart failure and allergy 

to study medication were also excluded from the study.  

Sample size of 80 in each group was calculated by taking 

α (level of significance) 0.05, β as 0.1, σ1 (SD= standard 

deviation) is taken as 5.7; σ2 is taken as 5.9 with 

allowable error 3.8 based on values of sDBP in previous 

study.
14 

184 patients fulfilling inclusion and exclusion 

criteria were randomised into two groups (92 patients in 

each group) using chit method. Baseline data such as 

pulse rate, blood pressure both sSBP and sDBP were 

recorded at the time of enrolment of patients (0 week). A 

baseline investigation such as microalbuminuria was 

done at the time of enrolment (0 week). All the data was 

recorded on a carefully designed proforma. 

The patients in group 1 received Amlodipine 5 mg single 

dose orally for first 4 weeks. The patients from group 2 

received Losartan 50 mg single dose orally for first 4 

weeks. During the first 4 week treatment period, if a 

marked BP reduction was obtained which was defined as 

BP reduction of ≥30 mm of Hg in sSBP or sDBP with 

simultaneous achievement of target BP i.e BP ≤140/ 90 

mm of Hg after monotherapy, further dose titration was 

stopped. However, these patients were also included in 

the analysis of results. 

After 4 week, patients in group 1 were titrated to 

Amlodipine 10 mg single dose orally for next 4 weeks. 

The patients in group 2 were titrated to fixed dose 

combination of Losartan (50 mg) plus 

hydrochlorothiaizide (12.5 mg) for next 4 weeks. 

Follow–up visits were scheduled at 4 weeks and 8 weeks. 

Pulse rate, sSBP and sDBP were estimated at each 

follow–up. At 8 weeks, microalbuminuria was estimated 

in all patients from both groups. During each follow–up, 

patients were interviewed and examined for occurrence 

any adverse effects. 

Efficacy end points 

The primary efficacy end points were mean changes in 

sSBP, sDBP and microalbuminuria levels from baseline 

to final assessment i.e. at 8 weeks. Along with it, the 

secondary efficacy end point included the mean change in 

pulse rate from baseline to final assessment. 

Response rate defined as the percentage of patients who 

achieved sSBP target of ≤140 mm of Hg at 4 weeks and 8 

weeks of treatment was calculated. 

Safety and tolerability measures 

At each visit, patients were interviewed for occurrence of 

any adverse effects and physically examined during the 

study period. 

Microalbuminuria analysis was done on first morning 

void urine samples at central Biochemistry Laboratory of 

the hospital. Microalbuminuria was measured by 

enzymatic method using pyrogallol red- molybdate 

complex.
15

 

Statistical analysis 

Unpaired ‘t’ test and ‘z’ test for difference between two 

proportions were used respectively to analyse continuous 

and categorical characteristics at baseline. Efficacy end 

points in both treatment groups were analysed by paired 

‘t’ test. Efficacy end points between two treatment groups 

were analysed by unpaired ‘t’ test. Safety end points in 
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both treatment groups were analysed by ‘z’ test for 

difference between two proportions. P<0.05 was 

considered statistically significant.  

RESULTS 

In the present study, 6 patients from amlodipine group 

and 2 patients from losartan plus hydrochlorothiazide 

group were lost to follow up. Thus 86 patients from 

amlodipine group and 90 patients from losartan plus 

hydrochlorothiazide group were analysed statistically. 

At the start of the study, both the groups were comparable 

as regard to age, sex distribution, weight, sSBP, sDBP, 

pulse rate and microalbuminuria as there was no 

statistically significant difference between the two groups 

(p>0.05) (Table 1). 

Table 1: Baseline characteristics of the study population. 

Variable 
Amlodipine group 

(n=86) 

Losartan plus 

hydrochlorothiazide group (n=90) 
P value 

Age (years)* 52.98±6.51 51.83±7.80 >0.05 

Gender #    

Male 48 (55.81 %) 46 (51.11 %) >0.05 

Female 38 (44.18 %) 44 (48.88 %) >0.05 

Weight (in Kgs)* 63.75±6.30 62.93±8.36 >0.05 

Blood pressure (BP)*    

sSBP 160.62±10.04 160.48±9.91 >0.05 

sDBP 100.97±5.37 100.86±5.28 >0.05 

Pulse rate (bpm)* 73.90±4.48 73.389±3.69 >0.05 

Microalbuminuria (mg/L) * 112.97±46.35 113.04±49.46 >0.05 

(sSBP: sitting systolic BP, sDBP: sitting diastolic BP, bpm: beats per minute); (*: unpaired t test; #:  ‘z’ test between two proportions) 

Table 2: Changes in mean values of sSBP and sDBP in amlodipine group. 

Parameter Baseline 4 week 8 week 

sSBP (mm of Hg) 160.62±10.04 150.46±10.39* 143.44±7.54* 

sDBP (mm of Hg) 100.97±5.37 96.04±4.76* 89.76±1.71* 

*p<0.0001; (paired‘t’ test). 

Table 3: Changes in mean values of sSBP and sDBP in losartan plus hydrochlorothiazide group. 

Parameter Baseline 4 weeks 8 weeks 

sSBP (mm of Hg) 160.48±9.91 151.06±7.69* 143.64±6.28* 

sDBP (mm of Hg) 100.86±4.69 96.17±3.81* 89.8±2.45* 

 *p<0.0001; (paired ‘t’ test) 

Table 4: Mean change in levels of sSBP (mm of Hg) in both treatment groups. 

Duration of study 
Amlodipine group 

(n=86) 

Losartan plus 

hydrochlorothiazide group 

(n=90) 

P value 

4 week 150.46±10.39 151.06±7.69 >0.05 

8 week 143.44±7.55 143.64±6.28 >0.05 

(unpaired ‘t’ test) 

Table 5: Mean change in levels of sDBP (mm of Hg) in both treatment groups. 

Duration of study 
Amlodipine group  

(n=86) 

Losartan plus 

hydrochlorothiazide group 

(n=90)  

P value 

4 weeks 96.04±4.76 96.18±3.81 >0.05 

8 weeks 89.76±1.72 89.8±2.45 >0.05 

(unpaired ‘t’ test) 
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In amlodipine group, sSBP was significantly reduced by 

10.16 mm of Hg and by 17.18 mm of Hg at 4 and 8 weeks 

respectively when compared to baseline (p<0.0001). 

sDBP was also significantly reduced by 4.93 mm of Hg 

and by 11.21 mm of Hg at 4 and 8 weeks respectively 

when compared to baseline (p<0.0001) (Table 2). 

In losartan plus hydrochlorothiazide group, sSBP was 

significantly reduced by 9.42 mm of Hg and by 16.84 mm 

of Hg at 4 and 8 weeks respectively when compared to 

baseline (p<0.0001). sDBP was also significantly reduced 

by 4.69 mm of Hg and 11.06 mm of Hg at 4 and 8 weeks 

respectively when compared to baseline (p<0.0001) 

(Table 3). There was no significant difference in mean 

change of sSBP and sDBP at 4 weeks and 8 weeks 

between the two treatment groups (p>0.05) (Table 4 and 

5). 

There was greater reduction in levels of microalbuminuria 

in losartan plus hydrochlorothiazide group as compared to 

those patients in amlodipine group at 8 weeks. This 

difference in mean change of microalbuminuria in two 

treatment groups was highly significant at 8 weeks 

(p<0.0001) (Figure 1). 

Table 6: Percentage of patients who achieved sSBP goal of  ≤140 mm of Hg at 4 weeks and at 8 weeks in two 

treatment groups. 

Duration of study 
Amlodipine group  

(n=86) 

Losartan plus 

hydrochlorothiazide (n=90) 
P value 

4 week 4.65 % (4/ 86) 4.44 % (4/90) >0.05 

8 week 59.30 % (51/86) 55.56 % (50/90) >0.05 

Unpaired ‘t’ test 

Table 7: Changes in mean values of pulse rate in amlodipine group. 

Parameter Baseline 4 week 8 week 

Pulse rate (beats/min) 73.90±4.48 75.09±4.43* 80.83±3.95** 

*p<0.05; **p<0.0001; (paired ‘t’ test) 

Table 8: Changes in mean values of pulse rate in losartan plus hydrochlorothiazide group. 

Parameter Baseline 4 week 8 week 

Pulse rate (beats / min) 73.38±3.69 73.63±4.01 80.86±3.93* 

*p<0.0001; (paired ‘t’ test) 

 

 

Figure 1: Mean change in levels of microalbuminuria 

(mg/l) in both treatment groups at end of the study i.e. 

8 weeks. 
 *(p<0.0001); (unpaired ‘t’ test) 

Response rate i.e. percentage of patients who achieved 

sSBP goal of ≤140 mm of Hg was 4.65% and 4.44% in 

amlodipine group and losartan plus hydrochlorothiazide 

group respectively at 4 weeks of the study. At the end of 

study, response rate was higher in amlodipine group 

(59.30%) as compared to losartan plus hydro-

chlorothiazide group (55.56%). The difference between 

response rates was not statistically significant at 4 weeks 

and 8 weeks between two groups (p>0.05) (Table 6). 

Pulse rate was increased in amlodipine group as compared 

to baseline at 4 weeks (p<0.05) and 8 weeks (p<0.0001) 

(Table 7). In losartan plus hydrochlorothiazide group, 

pulse rate was increased numerically when compared to 

baseline at 4 week which was not statistically significant 

(p>0.05). However, at 8 weeks pulse rate was 

significantly increased by 7.23 beats/ min when compared 

to baseline in losartan plus hydrochlorothiazide group 

(p<0.0001) (Table 8). At 4 week, mean change in pulse 

rate in patients of amlodipine group was significantly 

higher than mean change in pulse rate in patients of 

losartan plus hydrochlorothiazide group (p<0.05). There 

was no significant difference in mean changes of pulse 

rate between two treatment groups at 8 weeks (p>0.05) 

(Figure 2). 

There was no occurrence of any serious adverse event in 

any patients during this study. Minor adverse effects in 

form of headache, fatigue, dizziness, cough, flushing, 

lower extremity oedema were encountered in both groups. 

Incidences of adverse effects such as flushing, lower 

extremity oedema were significantly high in patients of 

amlodipine group than in patients of losartan plus 
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hydrochlorothiazide group (p<0.05). There was no 

significant difference in the incidences of adverse effects 

such as cough, headache, fatigue, and dizziness in two 

treatment groups (p>0.05) (Figure 3). 

 

Figure 2: Mean changes in levels of pulse rate (beats/ 

min) in two treatment groups. 
*p<0.05; unpaired ‘t’ test. 

 

Figure 3: Incidence of adverse effects in both 

treatment groups. 
*p<0.05; (‘z’ test between two proportions). 

DISCUSSION 

In the present prospective, randomised, open labelled 

study blood pressure lowering ability and tolerability of 

losartan plus hydrochlorothiazide (HCTZ) combination 

therapy was compared with that of amlodipine 

monotherapy in patients with hypertension. 

The rationale for combining losartan, an angiotensin 

receptor blocker (ARB) and HCTZ, a thiazide diuretic is 

that these drugs have different mechanism of action, also 

combination will offset diuretic – induced increase in 

plasma renin activity. The salt loss will add to 

antihypertensive efficacy of losartan which is renin 

angiotensin aldosterone system (RAAS) blocker. Besides, 

an ARB will also attenuate the metabolic effects of 

thiazide diuretics like hypokalemia and hyperglycemia.
16 

We chose losartan in the dose of 50 mg plus HCTZ in 

dose of 12.5 mg as our study dose because it has been 

shown to be effective for treating hypertension and is not 

associated with any significant side effects.
17,18

 The dose 

of Amlodipine 10 mg was selected as it is the standard 

dose used in our hospital for treatment of hypertension 

and the same dose was used in previous studies.
19,20

 

In our study at the end of 8 weeks, we found that 

coadministration of losartan with HCTZ caused reduction 

in sitting systolic BP (sSBP) similar to amlodipine 

monotherapy. These findings are similar to those of 

Fukutomi et al, Chung et al, Wilson et al, Dahlof et 

al.
14,17,21,22 

Losartan plus HCTZ combination therapy provided 16.84 

mm of Hg of mean reduction in sSBP, amlodipine 

monotherapy provided 17.18 mm of Hg of mean 

reduction in sSBP. This difference in mean reduction of 

sSBP between two groups was not statistically significant 

(p>0.05). Some studies have demonstrated higher mean 

reduction of sSBP than that in our study. In the study by 

Volpe et al, investigators found that at the end of 18 

weeks losartan plus HCTZ combination therapy resulted 

in 27.4 mm of Hg of mean reduction in sSBP as compared 

to 28.2 mm of Hg with Amlodipine monotherapy.
23

 

Fukutomi et al reported a 22.2 mm of Hg of mean 

reduction in sSBP with losartan plus HCTZ combination 

therapy and 28.7 mm of Hg of mean reduction in sSBP 

with amlodipine monotherapy.
17

 Our findings however 

are in variance with Phillips et al where they had reported 

significantly higher reduction in sSBP with amlodipine 

monotherapy (16.1 mm of Hg) when compared with 

losartan with or without HCTZ combination therapy (13.7 

mm of Hg) (p<0.05).
18

 

Losartan plus HCTZ combination therapy provided 11.06 

mm of Hg of mean reduction in sDBP and amlodipine 

monotherapy provided 11.21 mm of Hg of mean 

reduction in sDBP. This difference in mean reduction of 

sDBP between two groups was not statistically significant 

(p>0.05). The mean reduction of sDBP by 11.06 mm of 

Hg in our study is similar to that of Chung et al where 

they had reported 11.6 mm of Hg of mean reduction in 

sDBP with combination therapy.
21

 Our findings are 

however in variance with Carlos et al where they had 

reported significantly higher reduction in sDBP with 

losartan plus HCTZ combination therapy (18.1 mm od 

Hg) when compared with amlodipine monotherapy (12.4 

mm of Hg; p=0.009) at the end of 12 weeks.
19

 

In our study at the end of 8 weeks, we found that pulse 

rate was increased by 7.23 beats/min in losartan plus 

hydrochlorothiazide group and by 6.93 beats/min in 

amlodipine group. There was no significant difference 

between two groups with respect to change in pulse rate at 

8 weeks (p>0.05).  
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In our study, 59.30% (51/86) of patients from amlodipine 

group and 55.56% (50/90) of patients from losartan plus 

HCTZ group achieved sSBP goal of ≤140 mm of Hg (as 

defined by JNC VII guidelines) at the end of study. The 

difference between the two treatment groups in the 

percentage of patients achieving JNC VII sSBP target was 

not significant (p>0.05). Chung et al in their study 

reported similar findings.
21

 In the study by Volpe et al, at 

the end of 18 weeks 73.9 % of patients from losartan plus 

HCTZ group achieved sSBP goal of ≤140 mm of Hg.
23

 

Higher response rate (defined as percentage of patients 

achieving sSBP goal of ≤140 mm of Hg) in this study as 

compared to our study might be due to use of higher 

doses of losartan and HCTZ. They used losartan in doses 

of 50 mg, 100 mg and HCTZ in doses of 12.5 mg, 25 mg. 

At the end of 8 weeks of combination therapy with 

losartan plus HCTZ produced a significant reduction in 

levels of microalbuminuria when compared with baseline 

levels. However, amlodipine monotherapy after 8 weeks 

resulted in a slight reduction in levels of 

microalbuminuria which was not significant when 

compared with baseline levels. Microalbuminuria 

reduction was significantly more in patients receiving 

combination therapy than in patients receiving 

amlodipune monotherapy at end of study. This difference 

in microalbuminuria was found to be statistically 

significant (p<0.0001). This finding is similar to study by 

fukutomi et al where they had reported 47.6 % reduction 

in microalbuminuria levels with losartan plus HCTZ 

combination therapy as compared 2.4 % increase in 

microalbuminuria level with amlodipine monotherapy 

(p<0.001).
17

 This finding suggests that anti-albuminuric 

effects of losartan plus HCTZ combination are 

independent of BP lowering. Angiotensin converting 

enzyme inhibitors (ACEIs) and ARBs have been reported 

to reduce urine albumin creatinine ratio (UACR) through 

dilation of efferent glomerular arterioles and the reduction 

of glomerular capillary pressure.
24

 Therefore, superiority 

of microalbuminuria reduction in losartan plus HCTZ 

group may be due to losartan which is an angiotensin 

receptor blocker (ARB). 

The combination of losartan plus HCTZ and amlodipine 

monotherapy was well tolerated. The most commonly 

noted adverse effects were headache, fatigue, dizziness. 

The adverse effects such as flushing and lower extremity 

oedema were significantly more in patients receiving 

amlodipine monotherapy than in patients receiving 

combination therapy with losartan and HCTZ (p<0.05). 

Our findings are consistent with the study by Volpe et 

al.
23

 The probable mechanism of flushing and lower 

extremity oedema in amlodipine group might be its 

peripheral vasodilating property. The adverse events were 

mild and none of the patients from either group 

discontinued the study drugs because of it.  

 

CONCLUSION 

The results of the present study demonstrate that both 

groups have similar effect on BP, whereas combination 

therapy has superior effect on microalbuminuria level 

reduction. This superiority of losartan plus HCTZ 

combination therapy on microalbuminuria reduction 

might lead to decrease in future cardiovascular risks. 

However, further long term studies are required to 

establish its efficacy in reducing future cardiovascular 

risks. This combination therapy is well tolerated as 

compared to amlodipine monotherapy. Hence, 

combination therapy of losartan plus HCTZ can be 

considered as a better alternative to Amlodipine 

monotherapy for the treatment of hypertension. 
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