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Evaluation of the Rationality of some FDCs: Focus
on Antihypertensive Drugs
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The use of fixed-dose combinations is a widespread clinical practice in the treatment of various cardiovascular
disorders. These fixed-dose combinations are valuable only when they have been developed based on sound
rational pharmacokinetic and pharmacodynamic criteria, and when claims for their benefits have been supported
by evidence-based data and well-designed clinical studies. However, a look at the available fixed-dose combinations
reveals that there are combinations which do not meet these basic criteria, and hence their clinical benefit is
debatable. In this context, several stakeholders have put forward their views on the rationality of some of the fixed
dose combinations. The situation has become more complicated as there are very limited reports to assess and
describe the rationality of fixed-dose combinations on an individual basis. In the present study, a thorough evaluation
of 44 fixed-dose combinations used in various cardiovascular disorders using comprehensive criteria has been
completed. This evaluation has demonstrated that a large number of fixed-dose combinations are rational, based on
the criteria used. Finally, there seems to be enough reason to re-investigate six of them, which did not match the
criteria as well as others. These six combinations could be the subject of study by the clinicians and/or pharmaceutical
companies to assess their clinical benefit.
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is a major problem. Therefore, combination therapy using
fixed-dose combinations (FDCs) with agents having
complementary mechanism of action represents a new
innovation that increases not only the patient adherence
but also the effectiveness of treatment. Moreover, the
seventh report of the Joint National Committee (JNC VII)
on prevention, detection, evaluation and treatment of high
blood pressure4 has made a mention of combination
therapy for the management of hypertension, viz.,
angiotensin converting enzyme inhibitors (ACEIs) with
calcium channel blockers (CCBs), ACEIs with diuretics,
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development of an ADR, it is difficult to withdraw the
suspected drug alone. Therefore, the risk-benefit
assessment is essential before choosing a combination for
therapy. The FDCs are of value only when they have
been developed according to rational pharmacokinetic
and pharmacodynamic criteria, and when claims for their
benefits have been supported by evidence-based data
and well-designed clinical studies.
The existing knowledge suggests that some FDCs may
provide enhanced clinical benefit. Research into this area
has been negligible, and there are limited reports to
describe the rationality of FDCs on an individual basis.
The available reports seem to have not considered all
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the relevant aspects of a rational FDC. The main aim of
the present study was to develop comprehensive criteria
for the assessment of rationality of a FDC and to
evaluate cardiovascular FDCs for rationality.
To develop a comprehensive criteria which is useful and
unbiased for the evaluation of FDCs, the guidelines of
WHO {“Draft guidelines for registration of fixed-dose
combination medicinal products” (http://www.who.int/
medicines/organization/qsm/expert_Committee/Guidelines/
FDC-WHO-QAS04_108.doc/accessed on 13th March
2005)} and the “Note for guidance on fixed-dose
combination medicinal products” by the Committee for
Proprietary Medicinal Products (CPMP) (http://
www.emea.eu.int/pdfs/human/ewp/024095en.pdf/accessed
on 13th March 2005), Europe, were carefully studied.
These are well-known guidelines, which serve as
benchmark towards a rational FDC; based on these, the
criteria for this study were developed. These criteria
include all the dimensions of defining a rational FDC, and
appropriate weighting (score) has been attached to each
criterion. The total score thus obtained by a FDC will
reflect its standing on the scale; however, it is to be
noted that this score should not be viewed in isolation.

the list of FDCs for the treatment of CVD. The rationality
of each FDC was analyzed by the help of the seven
point criteria developed in this study. The WHO model
List of EML 8 and the NLEM 9 were used for the
assessment of the first criteria. The dose of the individual
APIs was verified from standard textbooks10,11 and
references in pharmacology and therapeutics12. The
published data regarding clinical evidence of safety and
efficacy was collected from databases such as Pubmed,
Medscape, Science Direct, and the Cochrane library.
The data on reduction in dose and adverse effects was
also collected from the same databases. The cost data of
the individual components, as well as the FDCs, was
obtained from CIMS and IDR. The detailed information
about pharmacokinetic parameters was collected from
Micromedex 200513. The assessment of rationality was
performed by collecting evidences from published
literature (in the open domain) about individual FDCs.
Each FDC was assigned a score depending upon the
match with the criteria.
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Several clinical trials14,15 have demonstrated that this low
dose of HCTZ is effective in controlling hypertension in
combination with bisoprolol with reduced adverse effects.
For 75% of the FDCs, the clinical evidence on safety and
efficacy was established and documented in public
domain. For one-quarter of the FDCs studied, the data on
clinical safety and efficacy was not available to enable
arriving at any definite conclusion. Some of the examples
from this category are FDCs of hydralazine+reserpine,
atorvastatin+aspirin and enalapril+amlodipine.
Of the 44 FDCs analyzed, 19 FDCs (43%) were found to
be more cost-effective than their individual components.
For a few FDCs, like aspirin+ticlopidine, clonidine+HCTZ,
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TABLE 1: MARKETED FIXED DOSE COMBINATIONS*
Diuretics + Diuretics
Diuretics + BBs

Diuretics + ACEIs

Diuretics + ARBs

CCBs + BBs

ARBs + ACEIs or BBs

FDCs of antiplateletagents

FDCs of antilipedemics

Miscellaneous

Dose, mg

Amiloride + HCTZ
Frusemide + Amiloride
Atenolol + Chlorthalidone
Atenolol + Indapamide
HCTZ + Bisoprolol
HCTZ + Metoprolol
HCTZ + Propranolol
HCTZ + Atenolol + Amiloride
HCTZ + Captopril
HCTZ + Enalapril
HCTZ + Lisinopril
HCTZ + Ramipril
Indapamide + Perindopril
HCTZ + Candesartan
HCTZ + Losartan
HCTZ + Irbesartan
HCTZ + Telmisartan
HCTZ + Valsartan
Chlorthalidone + Clonidine
HCTZ + Clonidine
Amlodipine + Benazepril
Amlodipine + Lisinopril
Amlodipine + Ramipril
Amlodipine + Enalapril
Amlodipine + Losartan
Amlodipine + Valsartan
Amlodipine + Atenolol
Nifedipine + Atenolol
Nitrendipine + Atenolol
Losartan + Ramipril
Losartan + Enalapril
Losartan + Atenolol
Aspirin + Clopidogrel
Aspirin + Dipyridamole
Aspirin + Ticlopidine
Atorvastatin + Amlodipine
Atorvastatin + Aspirin
Simvastatin + Nicotinic acid
Dihydralazine + Reserpine
Dihydralazine + HCTZ + Reserpine
Hydralazine + Propranolol
ISM + Aspirin
Losartan + Ramipril + HCTZ
Mefenamic acid + Tranexamic acid

(2.5+ 25), (5 + 50)
(40 + 5)
(25 + 12.5), (50 + 12.5), (100 +25)
(50 + 2.5)
(6.25 + 5), (6.25 + 2.5)
(12.5 + 100)
(25 + 40)
(25 + 50 + 2.5)
(15 + 25), (25 + 25)
(12.5 + 5), (12.5 + 10), (25 + 10)
(12.5 + 5)
(12.5 + 2.5)
(2 + 0.625)
(16 + 12.5)
(12.5 + 50)
(150 + 12.5)
(40 + 12.5)
(80 + 12.5)
(15 + 0.1)
(20 + 0.1)
(5 + 5), (5 + 10)
(5 + 5)
(2.5 + 2.5)
(2.5 + 2.5), (5 + 2.5), (5 + 5)
(2.5 + 25), (5 + 50)
(80 + 2.5)
(5 + 25), (5 + 50)
(10 + 50), (20 + 50)
(10 + 50), (20 + 50)
(50 + 1.25), (50 + 2.5), (50 + 5)
(25 + 5), (50 + 5)
(50 + 50)
(75 + 75), (150 + 75)
(60 + 75), (100 + 75)
(75 + 250), (100 + 250)
(10 + 2.5), (10 + 5)
(10 + 75)
(5 + 125)
(10 + 0.1)
(10 + 10 + 0.1)
(25 + 40)
(30 + 75), (60 + 75), (60 + 150)
(50 + 25 + 12.5)
(250 + 500)

m
rf o
d ns
a
lo tio
n
a
w
c
i
do ubl
e P ).
e
fr w m
r
fo kno .co
le ed ow
b
la M dkn
i
a by e
v
a
si ted w.m
s w
F
o
PD te h (w
is si
h
T a

Diuretics + centrally
acting agents
CCBs + ACEIs

CCBs + ARBs

Combinations

*BBs – Beta blockers, ACEIs – Angiotensin converting enzyme inhibitors, ARBs – Angiotensin receptor blockers, CCBs – Calcium channel blockers, HCTZ –
Hydrochlorothiazide, ISM – Isosorbide-5-Mononotrate

HCTZ+enalapril, the cost of the combination was found to
be less than the added individual components’ cost. Of
the remaining 25 FDCs, the cost of individual components
alone was not available in 9 FDCs. Therefore, it was not
possible to assess the cost advantage of the FDC. But in
some, it was observed that the cost of combination was as
high as three times the total added cost of individual
components (e.g., atenolol+nitrendipine).
The present study noted that for 19 FDCs there was
published evidence on reduction in dose or adverse
effects. Of these, in 18 cases the combination reduced the
adverse effects of individual components. For example, in
combining HCTZ with losartan, hypokalaemia caused by
September - October 2006

HCTZ is counterbalanced by losartan16. In only one
instance, the published evidence showed reduction in
dose and adverse effects. In the FDC of
HCTZ+bisoprolol, HCTZ is effective in low dose, viz.,
6.125 mg, and adverse effects like hypokalaemia,
hyperuricemia are reduced in the FDC17. However, for
25 FDCs no published report was available regarding the
reduction in dose or adverse effects. In the FDC of
aspirin with clopidogrel, the risk of bleeding increases
but the risk-benefit analysis showed that the benefit
outweighs the risk of bleeding18.
The results of the present evaluation show similar PK
properties of 37 FDCs. In 3 FDCs, even though the PK
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properties were different, the individual components were
combined as controlled-released form to overcome this
problem. For example, in atenolol+nifedipine combination,
nifedipine is given in a controlled-release form to
increase its duration of action. In the FDC of
clonidine+chlorthalidone, despite different PK properties,
the published evidence suggested that this combination is
effective as once-daily dosing19. All the FDCs had
different mechanisms of action and as a result, they
produced either additive or synergistic effects. For
example, the combination of lisinopril and HCTZ was
found to have synergistic effects20,21.

Drugs and Cosmetic Act, 1940, also takes a similar stand
on this issue. The results of this study clearly demonstrate
that in 33 FDCs (out of 44), the clinical evidence on safety
and efficacy was established. However, for the remaining
11 combinations, no published evidence could be found.
There were at least three cases in which limited numbers
of trials have shown the safety and efficacy of a
particular combination. For example, in the FDC of
atenolol+amiloride+HCTZ, only one published evidence
was found regarding the safety and efficacy of the
combination in elderly patients23. Similar situations existed
for losartan+ramipril and propranolol+HCTZ. There
seems to be an urgent need for clinical trials to
substantiate the safety and efficacy of FDCs.
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These observations were used to assign a score to the
FDC. Each criterion was awarded an appropriate
weighting depending upon its relative contribution to the
rationality of the FDC. Therefore, the scoring criteria
used in the study could award a maximum of 13 points to
any FDC. It was found that 38 FDCs had scores above
the median score. Hence they were considered as
rational combinations. Fig. 1 shows the distribution of
scores obtained by the FDCs. Two FDCs scored 13
points, which reflects a total match with the criteria for
evaluating FDCs. Poor scoring of an FDC does offer
scope for re-investigating the FDC for safety, efficacy,
costs and adverse effects.
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µ

often with woody troches, found in the warmer parts of
India. The plant is popularly known as Ratanpurus (Hindi).
An infusion of the plant extract is given in case of cholera1.
The plant has been reported to have antiinflammatory2,
antitussive3, antiplasmodial4, anticonvulsant5 and free radical
scavenging activity5. The plant is reported to contain
aurantiamide acetate, isoarborinol, b-sitosterol and
triterpene6. In folklore the plant is used in case of pregnant
and parturient women, and in case of gonorrhoea and
urinary infections. The present study is intended to
determine the antibacterial activity of the plant against
*For correspondence
E-mail: sabujbiotech@rediffmail.com
September - October 2006

The plant was collected from the rural belt of Bhubaneswar,
Orissa. The plant was authenticated in the Department of
Botany, Utkal University, Bhubaneswar. The plant was
collected in bulk and washed with tap water to remove the
soil and dirt particles and then shade dried. The dried
plant materials were milled into coarse powder by a
mechanical grinder. The powdered crude drug was
successively extracted with petroleum ether, chloroform,
ethanol (95%) and water by using Soxhlet extractor. The
extracts were concentrated to dryness under vacuum.
The in vitro screening was carried out using selected
urinary tract infection (UTI) causing pathogens, which
include two gram-positive bacteria (Staphylococcus aureus,
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