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A comparison of the effects of fixed dose
vs. single-agent combinations on 24-h blood
pressure variability

Sukru Ulusoy1, Gulsum Ozkan1, Ceren Konca2 and Kübra Kaynar1

In addition to high blood pressure (BP), BP variability has recently also been shown to increase cardiovascular events. The

purpose of this study was to compare the effect of a fixed-dose combinations (FDCs) of valsartan/amlodipine and a valsartan-

and amlodipine-free drug combination on 24-h BPV. A total of 85 patients aged 18 or older and with no exclusion criteria were

enrolled; of the 85 patients, 43 used the FDCs valsartan/amlodipine (160/10mg) and 42 used a free drug combination of

valsartan 160mg and amlodipine 10mg. Twenty-four hour ambulatory BP monitoring (ABPM) was performed after office BP

measurements. Mean hourly BP, all-day BP reduction, trough/peak (T/P) ratio and Smoothness Index (SI) were calculated

from the 24-h ABPM data. These were calculated separately for all-day, daytime, nighttime and early morning periods. The

hourly mean diastolic BP (DBP) at 0800 hours in the FDCs group was significantly higher compared with the free drug

combination group in the 24-h BP chronogram (P¼0.041). Decreases in the all-day, daytime, nighttime and early morning

systolic BP (SBP) and DBP in patients using a free drug combination were significantly greater compared with the FDC group.

The SI and T/P ratio of the all-day, daytime and nighttime systolic and diastolic were also significantly higher compared with

the FDC group. In addition, nighttime DBP reduction and the SI of DBP were lower in the diabetic patients. A free drug

combination of amlodipine and valsartan provides more effective and smooth SBP and DSP control compared with FDCs.
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INTRODUCTION

Hypertension (HT) is the most significant risk factor for preventable
deaths worldwide. Blood pressure (BP) control is, therefore, of the
greatest importance.1 However, while many patients in numerous
countries are aware of their elevated BP and receive antihypertensive
treatment, they fail to achieve target values. In addition, BP control is
established with two or more antihypertensives in the majority of
patients.2,3 As the number of drugs needed to achieve target BP,
compliance and adherence declines. Therefore, the concept of a
combination of more than one antihypertensive in a single pill and
its use in HT treatment became a reality. The use of a single pill
fixed-dose combination (FDCs) can provide more effective BP control
by increasing compliance and adherence.4,5 A meta-analysis in 2010
established that FDCs increased compliance and adherence, but
although there was an effective reduction in BP, it was not
significant. That same meta-analysis also stated that randomized
control studies regarding the long-term cardiovascular protective
effectiveness of FDCs were inadequate. Clinical studies have
generally compared FDCs with monotherapy or another FDCs.
There have been relatively few studies of FDCs compared with the

drugs in it given separately at different times (free drug com-
bination).3 The few existing comparisons of FDCs and free drug
combinations were performed with b blocker/diuretic, angiotensin-
converting enzyme inhibitor (ACE)/diuretic or angiotensin II receptor
blockers (ARBs)/diuretic, and the great majority were retrospective.3

No studies have compared the effectiveness of ARBs/calcium channel
blocker (CCB) FDCs with a free drug combination. Yet the National
Institute for Health and Clinical Excellence HT guideline, newly
published in light of recent studies,2 recommends a CCB in
combination with an ACE inhibitor or an ARBs.1

Valsartan is an orally active, specific and selective ARBs. Its effect
begins 2 h after a single oral dose, with the peak effect appearing
in 4–6 h and effectiveness lasting for 24h.6 Amlodipine is an orally
active dihydropyridine CCB. Effectiveness varies with age, but the
maximum effect is observed in 4 h, and the antihypertensive effect
lasts 424h.7,8

Recent studies have shown that high BP variability (BPV) is a
cardiovascular risk factor. Valsartan and amlodipine in an FDCs is an
antihypertensive drug that has recently been introduced. The Exforge
Target Achievement study showed that the valsartan/amlodipine
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FDCs established good BP control in both the moderate and intensive
treatment groups, is well tolerated and has a low side-effect profile.9

In its analysis of the ambulatory BP monitoring (ABPM) results, that
study showed that the intensive group achieved better BP targets.10

Previous studies have compared valsartan/amlodipine FDCs with
monotherapy,11 although none have compared it with a free drug
combination. Target organ injury increases in patients with elevated
BPV. In particular, nighttime BPV is a more important risk factor
than daytime BPV.12–15 In addition, a nocturnal reduction and
sudden rise during waking is observed in the natural course of BP.
This is known as the ‘morning surge.’ A rise in BP in the early
morning hours in hypertensive patients leads to an increased
occurrence of stroke, myocardial infarction and sudden cardiac
death.16,17 For that reason, in addition to keeping the BP within
target range, there has also been a recent emphasis on establishing
smooth BP control throughout the day.
In light of the data obtained from the ABPM records, various

techniques have been evaluated to determine whether antihyperten-
sive medications establish durable and smooth BP control. One
technique is the trough/peak (T/P) ratio, which is calculated from the
BP reduction recorded at the trough (just before the following dose)
divided by the BP reduction recorded at the time of the peak effect,
usually 2–8 h after the dose.18 However, because only a small part of
the following 24-h period is considered in the T/P ratio, it is not
sufficient for evaluating change over the day. Therefore, researchers
developed the Smoothness Index (SI). The SI is obtained by dividing
the average BP reduction for each hour over a 24-h period in a patient
under the effect of antihypertensive medication (DH) by the s.d. of
this average.19

We hypothesized that giving single-pill combinations of two
antihypertensive agents, commonly called FDCs, would lead to
different variations in 24-h ABPM compared with giving these two
different antihypertensive agents separately (free drug combination)
in the morning and evening. To confirm this, we planned to compare
the effects on 24-h BP of an FDCs of valsartan/amlodipine and a
valsartan- and amlodipine-free drug combination. We planned to
evaluate the differences between average all-day, nighttime, daytime
and early morning BP changes and reductions, T/P ratio and all-day,
day and nighttime SI on the basis of data obtained from the 24-h
ABPM records of the two groups. This made it possible to analyze the
differences in BPV between a CCB and an ARBs in a fixed dose and
the same drugs in the same doses administered separately.

METHODS
Patients who were 18 years of age or older with no exclusion criteria and

using FDCs valsartan/amlodipine (160/10mg) or separate valsartan 160mg

and amlodipine 10mg with routine monitoring at our HT clinic were

included. A total of 85 patients were enrolled, 43 of whom were receiving

the FDCs at 0900 hours and 42 of whom were taking valsartan 160mg at 0900

hours and amlodipine 10mg at 2100 hours. Patients were excluded from the

study because of any of the following: secondary HT, cardiovascular

complications, such as congestive heart failure, myocardial infarction, stroke

or angina pectoris, cigarette and alcohol use, creatinine levels above

1.5mgdl�1, pregnancy and breastfeeding, arrhythmia, incompatible ABPM

cuff due to the circumference of the subject’s arm, psychiatric disease or drug

use that might cause changes in BP (tri- and tetracyclic antidepressants,

monoamine oxidase inhibitors, nonsteroidal anti-inflammatory drugs or

corticosteroids).

Patients were selected following confirmation by the Karadeniz Technical

University Ethical Committee that the study protocol conformed to the Second

Helsinki Declaration. Patients were briefed regarding the study protocol and

were enrolled after the informed consent forms had been completed.

Ambulatory BP monitoring and office BP measurement
Office BP was measured by a physician using a conventional mercury

sphygmomanometer. Measurements were performed according to the JNC

VII guidelines.20 Two measurements at 2-min intervals were carried out in a

sitting position after 10min of rest. Systolic BP (SBP) was measured as the

point at which the first of two or more Korotkoff sounds were heard (onset of

phase 1), and the disappearance of the Korotkoff sound (onset of phase 5) was

used to define diastolic BP (DBP). The mean of the two measurements in a

sitting position was taken into account in the efficacy analysis. These

measurements were taken before the administration of the drug, B24±2 h

after the last dose, and if possible, at the same hour during each visit.

Ambulatory BP was obtained by a Welch Allyn 6100 device (Medical Device

Depot, Ellicott City, MD, USA). The monitor was applied at 09:00 hours±1 h.

The cuff was fixed to the non-dominant arm, and the device was set to obtain

automatic BP readings at 15-min intervals during the day (from 0600 to 2200

hours) and at 20-min intervals during the night (from 2200 to 0600 hours).

The patient was then sent home with instructions to continue usual activities,

to hold the relevant arm immobile at the time of measurement, to note in a

diary any unusual events or a poor night of sleep and to return to the clinic

24 h later. BP monitoring was always performed over a working day. Before

each monitoring, a few automatic BP readings were taken simultaneously with

measurements provided by a mercury sphygmomanometer to ensure that the

averages of the two sets of values did not differ by 4±5mmHg.

Data analysis
Hourly average BP measurements over 24-h (at 15-min intervals by day and

20min at night) and the s.d. were recorded for each patient. Hourly reductions

in BP values were calculated as the difference between average BP values at

each hour and average BP values at 0900 hours. In addition, daytime,

nighttime and early morning reductions were calculated separately. Nighttime

measurements were taken from 2200 to 0600 hours, daytime from 0600 to

2200 hours and early morning from 0600 to 2100 hours.

Peak changes were calculated by considering the interval between the second

and sixth hours after drug intake. Trough changes were calculated by on-

treatment BP values over the last 2 h of the monitoring period. Individual T/P

ratio were obtained separately for each patient by dividing the BP change at the

trough by the change at the peak. The T/P ratio was calculated based on 0900

hours in the FDCs group, whereas a separate T/P ratio was calculated for

valsartan and amlodipine in the group in which these were administered

separately. Two T/P ratio were calculated and averages taken based on the time

of valsartan administration at 0900 hours and time of amlodipine adminis-

tration at 2100 hours.

The average reduction in hourly BP over 24-h (DH) and the s.d. of that

average were determined, and the SI was calculated by using the formula

DH/s.d. This was calculated separately for all-day, nighttime and daytime

intervals for all patients.

Statistical analysis
All statistical analyses were carried out using SPSS (Statistical Package for the

Social Sciences) for Windows, version 13.0 (SPSS, Chicago, IL, USA). The

compatibility with normal distribution was evaluated using the Kolmogorov–

Smirnov test. Comparisons in groups with parametric conditions were

performed using the Student’s t-test, while the Mann–Whitney U-test was

used for groups with non-parametric conditions. Correlations were tested

using the Spearman correlation analysis. Demographic and baseline character-

istics were analyzed using the w2 test. Repeated measurements were evaluated

using analysis of variance. Data are expressed as the mean values (±s.d.) or

percentages. Statistical significance was set at Po0.05.

RESULTS

A total of 85 patients were included in the study, with 43 patients who
used a fixed dose valsartan/amlodipine combination (27 female/16
male, mean age 59.28±11.91) and 42 patients who used valsartan and
amlodipine separately (30 female/12 male, mean age 55.81±12.53).
There was no difference between the groups in terms of baseline
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demographic characteristics and biochemical parameters (Table 1).
Females represented 62.8% of patients in the FDCs group and 71.4%
of patients in the free drug combination group. Diabetes mellitus was
present in 11 (25.6%) of the FDCs group patients and 9 (22%) of the
patients in the free drug combination group. The average office SBP
and DBP were 148.14±23.35 and 87.79±16.66mmHg, respectively,
in the FDCs group and 150.71±16.58 and 89.17±12.96mmHg in
the free drug combination group. The duration of HT was
10.42±6.83 and 8.69±7.40 years, respectively, in the FDCs and free
drug combination groups.

ABPM analysis
Average 24-h SBP and DBP were 121.19±14.2 and 68.83±9.30mm
Hg, respectively, in the FDCs group and 119.18±14.60 and
67.70±7.73mmHg, respectively, in the free drug combination group.
Average daytime, nighttime and early morning SBP and DBP were
123.05±14.62 and 70.65±9.46, 117.47±16.00 and 65.18±9.93, and
127.02±13.74 and 74.84±9.78mmHg, respectively, in the FDCs
group and 121.71±14.32 and 69.98±7.98, 114.3±16.77 and
63.14±8.47 and 125.15±13.52 and 72.54±7.77mmHg, respectively,
in the free drug combination group, and there was no significant
difference between the groups. The chronogram of the hourly average
BP values 424h is shown in Figure 1. There was no difference
between the groups in terms of hourly average BP values throughout
the day, but average DBP between 0 400 and 2100 hours was higher in
the FDCs group, and there was a particularly statistically significant
difference at 0800 hours (P¼ 0.041). There was no significant
difference between the two groups with regard to all-day, nighttime
and daytime pulse pressure and heart rate.

BP reduction
The 24-h chronograms for the hourly reductions in SBP and DBP for
the two groups are shown in Figure 2. As the figures show, hourly
reductions (especially at night and early morning) were significantly
greater in the free drug combination group. All-day SBP reductions in
the FDCs and free drug combination groups were �2.58±9.29 and
�8.51±9.07mmHg (P¼ 0.004), respectively, and �4.25±5.13 and
�7.29±4.07mmHg (P¼ 0.003), respectively, for DBP (Figure 3).
The daytime, nighttime and early morning reductions in SBP were
significantly greater in the free drug combination group compared
with subjects on an FDCs, with P-values of 0.01, 0.005 and 0.000,
respectively. Daytime, nighttime and early morning DBP was sig-
nificantly lower in the free drug combination group compared with
the fixed dose group (P-values 0.08, 0.01 and 0.000, respectively).

T/P ratio
The T/P ratio for SBP was �0.54±2.50 in the FDCs group and
0.30±1.27 in the free drug combination group, and the difference
was not significant. For DBP, the T/P ratio was �1.06±3.21 in the
FDCs group and 0.40±0.60 (P¼ 0.00) in the free drug combination
group.

Smoothness index
The SI for decreases in SBP and DBP in both groups was calculated
separately for all-day, nighttime and daytime. In the free drug

Table 1 A comparison of the baseline parameters of the FDC and free

drug combination groups

FDC (n¼43)

Free drug combination

(n¼42)

P-

values

Age 59.21±11.91 55.81±12.53 NS

Gender (F/M) 27/16 30/12 NS

Diabetic patients (n) 11 9 NS

BMI 29.85±5.00 29.54±4.16 NS

Duration of hypertension (year) 10.42±6.83 8.69±7.40 NS

SBP (mm Hg) 148.14±23.35 150.71±16.58 NS

DBP (mm Hg) 87.79±16.66 89.17±12.96 NS

BUN (mg dl�1) 20.50±12.39 19.95±9.10 NS

Creatinine (mgdl�1) 0.98±0.35 1.07±0.42 NS

Na (mmol l�1) 140.19±3.00 140.38±2.23 NS

K (mmol l�1) 4.50±0.48 4.53±0.49 NS

Uric acid (mg dl�1) 5.23±1.37 5.45±1.52 NS

Ca (mg dl�1) 9.32±0.51 9.38±0.49 NS

P (mg dl�1) 3.49±0.51 3.43±0.60 NS

LDL (mg dl�1) 125.23±29.90 128.59±22.56 NS

HDL (mg dl�1) 50.13±10.14 43.67±10.66 NS

T chol (mg dl�1) 199.82±24.99 183.00±2.82 NS

Triglyceride (mgdl�1) 130.68±50.97 141.30±54.90 NS

Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; Ca, calcium; DBP, diastolic
BP; FDC, fixed-dose combination; HDL, high-density lipoprotein; K, potassium; LDL, low-
density lipoprotein; Na, sodium; P, phosphorus; SBP, systolic blood pressure; T. chol., total
cholesterol.
Data are presented as arithmetic mean±s.d. Statistical significance was set at Po0.05.
There was no difference between the groups in terms of baseline demographic characteristics
and biochemical parameters.
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combination group, the SI was significantly high for all-day, nighttime
and daytime for both SBP and DBP (Figure 4). The all-day, daytime
and nighttime SI of SBP in the FDCs group were 0.27±0.91,
0.08±0.98 and 0.83±1.45, respectively, whereas the daytime and
nighttime SI of SBP were 0.95±1.07, 0.78±1.09 and 1.89±1.88,
respectively, in the free drug combination group. The all-day, daytime
and nighttime SI for DBP was 0.56±0.66, 0.37±0.74 and 1.11±1.20
for the FDCs group and 1.02±0.56, 0.87±0.68 and 2.07±1.25 for
the free drug combination, all, respectively.
Decreases in BP and SI were correlated with age and duration of

HT. There was a negative correlation between age and all-day,
nighttime and early morning reduction in SBP (r¼ �0.234,
P¼ 0.031; r¼ �0.413, P¼ 0.000; and r¼ �0.276, P¼ 0.011, respec-
tively). There was a negative correlation between the SI of all-day and
nighttime SBP and age (r¼ �0.226, P¼ 0.037 and r¼ �0.443,
P¼ 0.000, respectively). There was no correlation between the T/P
ratio and age. There was no correlation between body mass index and
decreases in SBP, the T/P ratio and the SI. The nighttime decrease in
SBP and the SI of nighttime SBP were lower in patients with a greater
duration of HT (r¼ �0.289, P¼ 0.007; r¼ �0.257, P¼ 0.018,
respectively). The nighttime decrease in SBP and the SI of nighttime
SBP were also lower in diabetic patients compared with non-diabetics
(P¼ 0.017 and P¼ 0.008, respectively).
There was a negative correlation between all-day decreases in

DBP, nighttime decreases in DBP, the SI of nighttime DBP and
age (r¼ �0.236, P¼ 0.030; r¼ �0.400, P¼ 0.000; r¼ �0.365,
P¼ 0.001, respectively). There was no correlation with body mass
index. There was a negative correlation between nighttime decreases
in DBP and the SI of nighttime DBP in patients with a greater
duration of HT, with P-values of 0.012 (r¼ �0.272) and 0.042
(r¼ �0.221), respectively. The nighttime decrease in the DBP and the
SI of nighttime DBP were lower in diabetic patients compared with
non-diabetics (P¼ 0.023, 0.045).

DISCUSSION

This study showed that a free drug combination of amlodipine
(10mg) and valsartan (160mg) provided better all-day, daytime,
nighttime and early morning reductions in SBP and DBP compared
with the fixed dose valsartan/amlodipine (160/10mg) group. In
addition, the all-day, daytime and nighttime SI calculated for patients
using the free drug combination was significantly higher. In addition,
the T/P ratio for DBP was significantly higher in the free drug

combination group. The SI for nighttime SBP and DBP and the
decrease in BP in diabetic patients was significantly lower compared
with non-diabetics. Our study shows for the first time that a free drug
combination of amlodipine (10mg) and valsartan (160mg) provides
smooth 24-h BP control and reduces early morning BP surges
compared with fixed dose valsartan/amlodipine (160/10mg).
The control of BP with antihypertensive medications reduces

cardiovascular morbidity and mortality,1 but very few hypertensive
patients achieve BP targets, despite receiving treatment. Many studies
have shown that X2 antihypertensive medications are needed to
achieve target BP values.2,3 As in other chronic diseases, patient
compliance is very important in HT treatment. However, it is also a
fact that as the number of medications increases, patient compliance
decreases. The FDCs was produced with the aim of increasing patient
compliance, and many studies have shown that FDCs use increases
patient compliance compared with monotherapy. However, there are
also studies showing that although the use of an FDCs increases
patient compliance, the positive effects on BP control are less than
expected.4,5 FDCs exist for many antihypertensive drugs today.
In light of HT guideline recommendations, diuretic combination treat-
ments are used in the absence of contraindications in hypertensive
patients requiring combination treatment.20 However, that advice has
changed in recent years, particularly in the National Institute for
Health and Clinical Excellence HT guideline published after the
Avoiding Cardiovascular events through COMbination therapy in
Patients LIving with Systolic Hypertension (ACCOMPLISH) study.
ACCOMPLISH included 11506 hypertensive patient with high
cardiac risk, and despite determining a similar decrease in
ambulatory and office BP, there was an increase of X20% in the
cardiovascular events that occurred in the group receiving
benazeprilþHCTZ compared with those receiving benazeprilþ
amlodipine.21 The National Institute for Health and Clinical
Excellence HT guideline recommended a combination of ACE or
ARBs and a CCB in combination therapy. Valsartan and amlodipine
in the form of a single pill FDCs are antihypertensive drugs that have
entered use in recent years. The BP-lowering effect of this medication
has been proved in several clinical studies.9,11,22 Although several
studies have compared valsartan/amlodipine FDCs with mono-
therapy, none have compared it with a free drug combination.
We analyzed fixed dose valsartan/amlodipine (160/10mg) and
an amlodipine (10mg) valsartan (160mg) free drug combination
to determine the difference in effects on BP and 24-h BPV. Although
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we determined no distinct change in the hourly average SBP and DBP
values, apart from at 0800 hours, we determined hourly decreases in
all-day, nighttime and early morning BP in favor of the free drug
combination.
The significance of the differences in BP measurement techniques

(office, home and ABPM) in HT diagnosis has been intensively
questioned, and in recent years, the diagnostic importance of ABPM
in HT diagnosis and the evaluation of day-long variability has been
emphasized.1,13 In the first years when ABPM was used, decisions
were made regarding antihypertensive medication efficacy on the
basis of average all-day and nighttime BP and the T/P ratio. In recent
years, however, because these parameters do not exactly reflect 24-h
BPV, the need has arisen for new parameters to determine BPV. The
SI entered into use on the basis of that idea.19 We also produced a SI
and a T/P ratio to determine the 24-h BPV of the two drugs and
established that both the SI and the T/P ratio were significantly high
for both SBP and DBP in the free drug combination group.
In addition to high BP, BPV is correlated with distal organ injury

and cardiovascular mortality.12–15 Pierdomenico et al.12 showed an
increase in cardiovascular event frequency in patients with high
BPV compared with those with low variability. Another study in
which a population of 8938 hypertensive patients (consisting of
2142 residents from Copenhagen, Denmark; 1124 subjects from
Noorderkempen, Belgium; 1097 older men from Uppsala, Sweden;
244 subjects from Novosibirsk, the Russian Federation; 1312
inhabitants from Ohasama, Japan; 349 villagers from JingNing
County, China; 1372 subjects from Montevideo, Uruguay; 165
subjects from Pilsen, the Czech Republic; 934 subjects from Dublin,
Ireland; 310 subjects from Padova, Italy; and 308 subjects from
Krakow, Poland) was evaluated with ABPM showed that variability
was correlated with stroke, cardiovascular events and mortality.13

Eguchi et al.14 reported that higher BPV was correlated with cardio-
vascular events in diabetic patients. Therefore, antihypertensive
medications that have a BPV-lowering effect may reduce distal
organ injury and mortality in hypertensive patients. In our study,
we observed that elevated BPV as determined by the calculation of SI
and T/P ratio declined with the use of a free drug combination, and
that smooth BP control was established in both the daytime and
nighttime. Few studies have compared FDCs and a free drug
combination.3 The great majority of such studies have compared a
B blocker, an ACE inhibitor, ARBs with a diuretic or an ACE inhibitor
with CCB FDCs and a free drug combination; studies have usually
compared a free drug with combinations from the same group but
not generally the same active substance. In addition, the majority were
retrospective studies evaluating the BP-lowering effects of two
groups.3 These studies showed that FDCs increased patient
compliance and adherence by a level of 8%–19.6% compared with
a free drug combination.3,5 However, BP control was not analyzed in
some studies that investigated FDCs compliance and adherence in HT
treatment. In addition, in some of the studies in which this was
evaluated, the expected BP control was not achieved, despite an
increase in compliance and adherence.3 In addition to the number of
drugs used, various factors, such as patient education and intellectual
state, also affect compliance and adherence5 As the analysis of
compliance and adherence was not the purpose of our study, it
would not be appropriate to make a conclusion on the subject.
However, further studies investigating how greater BPV in 24-h BP
may influence patient compliance, and thus, the effect of BPV on
compliance and adherence might be conducted.
In addition to all-day and nighttime BPV, early morning BP

increase is also important in terms of correlation with mortality

and morbidity.12–15 In a meta-analysis by Cohen et al.,17 a strong
correlation was reported between excessive early morning BP and
sudden cardiac death and myocardial infarction. In our study, early
morning BP values in the FDCs group were higher compared with the
free drug combination group. We suggest that although antihyper-
tensive effectiveness decreased in the FDCs (valsartanþ amlodipine)
group in the early morning hours, this efficacy persisted in the early
morning hours in the free drug combination group. Therefore, a free
drug combination provides smooth day-long BP control.
Many clinical studies have shown higher average SBP and DBP in

type 1 diabetic patients compared with non-diabetics in 24-h ABPM
and higher average nighttime DBP, especially in patients with
microalbuminuria and left ventricular hypertrophy. Likewise, higher
24-h BP averages, both daytime and nighttime, and higher pulse, BP
and pressure loads were described alongside the progression to more
advanced degrees of diabetic nephropathy (microalbuminuria and
macroalbuminuria) in type 2 diabetic patients.23 We also determined
a smooth SBP and DBP course in non-diabetic patients compared
with diabetics.
There are various limitations to this study in which we evaluate the

effects on BPVof fixed dose valsartan/amlodipine (160/10mg) and an
amlodipine-(10mg)-valsartan-(160mg) free drug combination. The
first is that ours is a sectional study. Second, the cardiovascular
outcome of the decrease in BPV with a free drug combination could
have been evaluated with long-term follow-up. Third, the pharma-
codynamics of antihypertensive drugs can vary according to the time
of administration. Therefore, it would have been important to also
evaluate the effects of fixed dose valsartan/amlodipine administration
at night and the bedtime administration of valsartan. However,
bearing in mind the limited number of studies on the effect of FDCs
compared with the free drug combination on BPV, our study can still
shed light on the gap in the literature and pave the way for future
long-term, prospective studies.
It is a fact that the use of FDCs in HT, a chronic disease, increases

patient compliance and provides BP control. However, this study has
also revealed the differing aspects of FDCs and free drug combination
use. FDCs has the advantage, as shown in previous studies, of
increasing patient compliance and adherence. However, BP control is
smooth with a free drug combination. Therefore, the question of how
to combine the advantages of FDCs and free drug combination use is
an important one, and it is drug technology that will answer it.
Hopefully, a future technology will be able to initiate the release of
one drug contained in FDCs immediately and the second drug 12h
later, thus reducing the problems with the use of FDCs.
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