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Background: Hypertension is a major public health problem. As a result of the enforcement of measures announced by the
National Drug Committee, the majority of original drugs is no longer prescribed and is replaced with drugs in the national
list of essential medicines. Patients originally taking Angiotensin receptor blockers (ARBs) frequently have their prescription
changed to generic losartan. Only a few studies have been conducted in Thailand to compare the efficacy and renal side effects
of original and generic drugs.
Objective: To compare blood pressure (both systolic and diastolic) of patients who were changed to losartan from other
ARBs.
Material and Method: A retrospective cross-sectional study was carried out, collecting data from medical records of patients
with hypertension who were prescribed losartan instead of other ARBs in Rajavithi Hospital from 1 January 2009 to 31
December 2014. One hundred patients with hypertension during this period were enrolled, and the drugs’ relative efficacies
in controlling blood pressure were compared, together with their renal side effects.
Results: The study enrolled 100 patients, of which 35% were men, and the mean age was 66.88+10.93 years. The average
systolic blood pressure (SBP) and diastolic blood pressure (DBP) before and after changing from other ARBs to losartan
showed a significant difference (134.16+12.89 vs. 140.92+11.76 mmHg, p-value <0.001) and (74.22+8.05 vs. 76.52+8.88
mmHg, p-value = 0.001, respectively). Other ARBs controlled hypertension significantly better than losartan (70.0% vs.
32.0%, p-value <0.001). Serum creatinine was significantly higher after changing the blood pressure lowering regimen
(0.97+0.37 vs. 1.00+0.37 mg/dl, p-value = 0.047), but serum potassium levels did not change (4.27+0.40 vs. 4.27+0.32
mEq/L, p-value = 0.888).
Conclusion: Original ARBs controlled hypertension significantly better than losartan. Serum creatinine levels were lower
when ARBs were prescribed rather than losartan; however, serum potassium levels were not affected.
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Hypertension is a major public health problem
worldwide and complications are higher in patients who
do not achieve their target blood pressure. The eighth
report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High blood
pressure (JNC 8)(1), which is the most recent guideline,
recommends angiotensin-converting enzyme inhibitors
(ACEIs), angiotensin receptor blockers (ARBs),
calcium-channel blockers (CCBs) and diuretics as the

first line drugs in the treatment of hypertension.
The prevalence of hypertension increases

from year to year, leading to rising costs in treating it.
Currently, reimbursement is not permitted if a drug is
not listed in the Thai National Drug Lists. The ARBs
available in Thailand include candesartan, valsartan,
irbesartan, olmesartan, telmisartan and losartan.
Losartan is the only ARB included in the national list
of essential drugs, and patients previously prescribed
other ARBs are often switched to generic losartan.
Many studies have shown that some patients have
worse control of their blood pressure after changing
ARBs, but a few studies(2) found no difference between
other ARBs and losartan. Very little research has been
conducted in Thailand to compare the efficacy and
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renal side effects of losartan and other ARBs.

Material and Method
A retrospective review was performed using

ICD-10 code I10 of outpatients’ medical records to
identify patients diagnosed with hypertension who
received original ARB drugs before being switched to
losartan. Blood pressure levels, serum creatinine and
serum potassium were measured before and after the
change of drugs. The protocol of this research was
reviewed and approved by the ethics committee of
Rajavithi Hospital (No. 27/2558).

Study populations
The present study reviewed the outpatient

medical records of patients diagnosed with
hypertension between January 2009 and December
2014. Hypertensive patients of either sex were eligible
for inclusion in the present study if they were at least
18 years of age. The patients included had received
other ARBs for at least 8 weeks before the change to
losartan, had had no other changes in medication, and
had made at least four regular outpatient visits before
and after the drug switch. Patients were excluded if
there was irregular follow-up or if they had had any
change in other medication.

Study protocol
Baseline characteristics such as age, sex, co-

morbid diseases and prescribed drugs were collected.
Blood pressure, and serum creatinine and potassium
levels were recorded both before and after the change
from other ARBs to losartan.

Blood pressure levels were measured with
automated sphygmomanometers, and medical
outpatient records were used in the analysis. Average
systolic blood pressure (SBP), average diastolic blood
pressure (DBP), and serum creatinine and potassium
levels were recorded.

Controlled hypertension was defined as both
SBP <140 mmHg and DBP <90 mmHg at each of the last
3 visits before and after changing antihypertensive
medicine. Acute kidney injury was defined as an
increase in serum creatinine of >0.3 mg/dl from the
baseline. Hyperkalemia was defined as serum potassium
of >5.0 mEq/L.

Outcomes
The primary endpoint was to determine

whether there was a difference in the average SBP
and DBP before and after losartan was prescribed.

The secondary endpoint was to determine whether
there was a difference in well controlled hypertension,
serum creatinine and serum potassium levels before
and after losartan was prescribed.

Statistical analysis
The estimated sample size was based on

previous studies(3). Using a 2-sided type I error of 5%,
90% power and corrected with patients numbers in
hospital, a sample size of 95 patients was required.

Baseline characteristics were described as
number (percentage), mean+SD. Chi-square test/
Fisher’s exact test were employed to test the difference
in qualitative variables, whereas 2-sample t-test was
used for quantitative variables and Mann Whitney U
test was used for non-normal distribution with a p-
value <0.050 using the SPSS for Windows program,
version 17.

Results
From January 1, 2009 to December 31, 2014

100 patients with hypertension who received other
ARBs and were switched to losartan were enrolled in
the present study.

The baseline characteristics, (Table 1), show
that the majority of participants were female and the
mean age was 66.88+10.93 years. Co-morbidities were
mainly diabetes mellitus and dyslipidemia, and a few
patients had chronic kidney disease and coronary artery
disease. The most commonly used ARBs before the
switch to losartan were candesartan, irbesartan and
valsartan.

The SBP and DBP from four visits before and
after losartan was prescribed are shown in Table 2. The
average SBP and DBP while taking other ARBs were
significantly lower than after the switch to losartan
(134.16+12.89 mmHg vs. 140.92+11.76 mmHg, p-value
<0.001, and 74.22+8.05 mmHg vs. 76.52+8.88 mmHg,
p-value = 0.001, respectively).

When determining the adequacy of blood
pressure control, 70% of the patients on other ARBs
had controlled hypertension, while after switching the
medication to losartan, the proportion of patients with
controlled hypertension decreased to 32.0% (p-value
<0.001) as shown in Table 3. With regard to patients
with previously uncontrolled hypertension, most of
them remained uncontrolled after changing to losartan,
and only 13.33% of patients had controlled blood
pressure (odds ratio for other ARBs/losartan to
controlled hypertension was 4.96 (95% CI 2.72-9.03).

Of the 100 patients, only 81 had records of
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Characteristics     n = 100

Female, n (%) 65 (65.0)
Age (years), mean + SD 66.88+10.93
Comorbid disease

Diabetes mellitus, n (%) 43 (43.0)
     Dyslipidemia, n (%) 68 (68.0)

Chronic kidney disease, n (%) 9 (9.0)
Congestive heart failure, n (%) 1 (1.0)
Coronary heart disease, n (%) 9 (9.0)

Drug
Candesartan 16 mg, n (%) 32 (32.0)
Irbesartan 300 mg, n (%) 20 (20.0)
Telmisartan 80 mg, n (%) 14 (14.0)
Valsartan 160 mg, n (%) 13 (13.0)
Valsartan/HCTZ 160/25 mg, n (%) 12 (12.0)
Olmesartan 40 mg, n (%)   7 (7.0)
Candesartan/HCTZ 8/12.5 mg, n (%)   1 (1.0)
Losartan/HCTZ 100/25 mg, n (%)   1 (1.0)

HCTZ = Hydrochlorothiazide

Table 1. Baseline characteristics and ARBs drug received

Blood pressure level Before (other ARBs) After (losartan) p-value
Mean + SD Mean + SD

Systolic blood pressure
Visit 1 (mmHg) 132.19+16.76 143.68+16.75 <0.001*
Visit 2 (mmHg) 135.01+16.64 139.40+14.42 0.042*
Visit 3 (mmHg) 136.16+15.43 141.64+16.88 0.008*
Visit 4 (mmHg) 133.28+15.00 138.97+17.47 0.005*
Average (mmHg) 134.16+12.89 140.92+11.76 <0.001*

Diastolic blood pressure
Visit 1 (mmHg)   73.50+10.62   78.29+13.14 <0.001*
Visit 2 (mmHg)   74.93+12.98   75.47+11.43 0.713
Visit 3 (mmHg)   74.78+10.33   77.44+12.54 0.053
Visit 4 (mmHg)   73.65+10.32   74.88+11.62 0.314
Average (mmHg)   74.22+8.05   76.52+8.88 0.001*

ARBs = Angiotensin receptor blockers
* = Significant at p<0.050

Table 2. Comparison of blood pressure levels between patients receiving other ARBs and those prescribed losartan

serum creatinine both before and after the change in
medication. After the change, 19 patients showed a
decrease in serum creatinine, 30 patients were
unchanged, and 32 patients showed an increase. Only
four patients had acute kidney injury, and two patients
in this group had known chronic kidney disease.
Average creatinine in patients with other ARBs was
0.97+136 mg/dl, and after switching to losartan it was
1.00+0.37 mg/dl (p-value = 0.047).

Serum potassium levels in 76 patients were
measured and the average did not differ significantly
before and after changing medication (4.27+0.40 vs.
4.27+0.32 mEq/L, respectively, p-value = 0.888). Only
four patients had mild hyperkalemia with other ARBs,
and all of these had chronic kidney disease. After
changing to losartan, four patients had hyperkalemia:
three of these had it before the change, while one
developed it and another returned to normal serum
potassium levels after the switch to losartan.

Discussion
In most previous studies, blood pressure

control was compared between patients prescribed
losartan and those who took other ARB drugs such as
candesartan(2-9), valsartan(10,11), irbesartan(10,12,13),
olmesartan(10) and telmisartan(14,15). The results showed
that other ARB drugs achieved better results than
losartan in controlling blood pressure levels both at
daytime and at nighttime(16). The patients in studies
who received crossover of medicine(14) also showed
that other ARBs were more effective than losartan in
controlling hypertension. A few previous studies
showed no difference in blood pressure control
between patients taking candesartan(9) or valsartan(11)

versus losartan, but patients who received candesartan
showed better clinical outcomes than those who used
losartan. One real-world primary care practice study(17)

showed that patients who switched medication
from losartan to candesartan had significantly lower
blood pressure 2 years after the switch. This study
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demonstrated that patients taking other ARBs had lower
blood pressure levels and more controlled hypertension
than patients taking losartan did, and this is similar to
the findings of many previous studies. More controlled
hypertension may result in lower major adverse
cardiovascular events. Previous research(18) has shown
the cost effectiveness of other ARBs, which lower
diastolic blood pressure more effectively than losartan,
and other ARBs may actually be more cost effective
than losartan in cardiovascular prevention. In this
present study, ARBs other than losartan attained better
control of blood pressure, and this may reduce the
number of adverse cardiovascular events. However,
this study did not have a long-term follow-up to show
any benefits in terms of cardiovascular outcome.

As to renal side effects, there were some
differences in impact on serum creatinine levels, but
serum potassium levels were largely unchanged. The
present study showed that patients taking other ARBs
had significantly lower serum creatinine than those
taking losartan. Previous research has shown
contrasting results: some studies showed that patients
taking other ARBs had more elevation of serum
creatinine than those prescribed losartan(19) while others

found no difference(20). In the present study, patients
taking other ARBs had significantly lower serum
creatinine levels than those taking losartan. However,
the rise in the level of serum creatinine in the two groups
from 0.97 mg/dl to 1.00 mg/dl may be co-incidental due
to the small sample size or missing data and this requires
further investigation. The occurrence of acute kidney
injury was did not differ in the two groups.

Serum potassium levels were unchanged after
switching medication to losartan, similar to the findings
of previous studies(20). In the present study, four
patients had hyperkalemia and all of these had known
chronic kidney disease; this finding was unchanged
after switching medication. Doctors should be reminded
of the need to check serum potassium levels after
prescribing ARBs, especially in patients with known
chronic kidney disease.

Limitations
The present research was a retrospective

study reviewing medical records, some of which had
incomplete data about serum creatinine and potassium.
Patients without regular follow-up were excluded from
this study, and this may have caused selection bias; in
addition, other factors that may have affected blood
pressure and renal side effects were not measured. The
present study measured only surrogate endpoints and
the sample size was too small to show an effect on
major adverse cardiovascular outcome. Further
investigation with a larger sample size and long-term
follow-up is needed to determine effects on clinical
endpoints.

Conclusion
The other original ARBs group lowered both

systolic and diastolic blood pressure more effectively
than losartan, and more patients taking other ARBs
had controlled hypertension. Serum creatinine levels
were lower in patients taking other ARBs than in those
prescribed with losartan; however, the incidences of
acute kidney injury and serum potassium levels were
not significantly different.

What is already known on this topic ?
Hypertension was the major public health care

and angiotensin receptor blockers were the choice of
blood pressure control.

Controversy in efficacy between original other
ARBs and losartan, some studies showed different in
blood pressure control but other studies did not
different.

Fig. 1 Controlled and uncontrolled hypertension between
patients taking other ARBs and those prescribed
losartan.

 Controlled hypertension p-value
 

    Yes      No

Before (other ARBs) 70 (70.0) 30 (30.0) <0.001*
After (losartan) 32 (32.0) 68 (68.0)  

ARBs = Angiotensin receptor blockers
* = Significant at p<0.050

Table 3. Comparison of number of patients with controlled
hypertension between other ARBs and losartan
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Most recent studies were case-control
compared efficacy between other ARBs and losartan.
Few studies, to assess efficacy in patients who switch
medication from other ARBs to losartan including
Thailand.

Clinicians were hesitated about efficacy to
adjusted other ARBs to losartan from announcement
of the National drug committee.

What does this study adds ?
The other original ARBs group can lower both

systolic and diastolic blood pressure greater than
losartan and more patients had controlled hypertension.

Serum creatinine level was lower in other
ARBs than in losartan but the incidence of acute kidney
injury and serum potassium level were not different.

Few patients who know chronic kidney
disease had hyperkalemia; the patients who have
chronic kidney disease should check serum potassium
before and after receiving ARBs drug.

Potential conflicts of interest
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⌫⌫⌫    
⌫

   

 ⌫ ⌫ ⌫
 ⌦⌫⌫    ⌦⌫⌦ ⌦⌦⌦
⌫    
 ⌦⌫⌫  ⌫
   
⌫     ⌫⌫ ⌫
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