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Abstract 

Background Guidelines recognized dual combination in initial antihypertensive therapy. Studies found that low-
dose quadruple combination were superior to monotherapy. However, whether low-dose quadruple therapy is better 
than dual combination is unknown.

Methods A randomized blinded crossover trial was conducted to compare the efficacy and safety of low-dose 
quadruple antihypertensives (irbesartan 75 mg + metoprolol 23.75 mg + amlodipine 2.5 mg + indapamide 1.25 mg) 
with standard-dose dual antihypertensives (irbesartan 150 mg + amlodipine 5 mg), both in a single pill, in the ini-
tial treatment of patients with mild to moderate hypertension. Patients were randomly assigned in a 1:1 ratio 
to two crossover sequences. Each sequence received four-weeks of either half-dose quadruple antihypertensives 
or standard-dose dual antihypertensives, followed by a two-week washout and crossover for four-weeks. Participants 
and researchers were blinded. The main outcomes were the reduction of blood pressure and safety outcomes. Analy-
ses were per intention to treat.

Results A total of 90 eligible participants were randomized between July 13, 2022, and April 20, 2023. The mean age 
was 43.88 years (SD 10.31), and 25.6% were women. The mean baseline 24-h blood pressure was 145.59/93.84 mm 
Hg. Compared to the standard-dose dual treatment, the half-dose quadruple treatment resulted in a further reduc-
tion in mean 24-h blood pressure by 4.72/4.17 mm Hg (P < 0.001 for both systolic and diastolic blood pressure), mean 
daytime blood pressure by 5.52/4.73 mm Hg (P < 0.001 for both), mean nighttime blood pressure by 2.37/2.25 mm 
Hg (P = 0.034 and 0.014, respectively), and mean office blood pressure by 2.91/1.73 mm Hg (P < 0.001 and 0.014, 
respectively). Apart from significant increases of fasting blood glucose (P = 0.029) and blood uric acid (P < 0.001) 
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in the half-dose quadruple group, no other adverse events or changes in laboratory values differed significantly 
between the two treatments.

Conclusions Initiating treatment with half-dose quadruple combination therapy was more effective in lowering 
blood pressure than standard-dose dual therapy. The safety of half-dose quadruple therapy was comparable.

Trial registration ClinicalTrials.gov Identifier: NCT05377203.

Keywords Hypertension, Antihypertensive, Low-dose combination, Randomized controlled trial

Background
Hypertension is the most common cardio-cerebrovas-
cular disease worldwide and often coexists with other 
cardiovascular risk factors, causing damage to important 
organs [1, 2]. Globally, hypertension is the leading risk 
factor for deaths, accounting for 10.8 million deaths in 
2019 [3], and it also places a significant economic burden 
on China [4]. However, despite its prevalence and impact, 
the awareness, treatment, and control rates of hyperten-
sion remain suboptimal, with some data showing corre-
sponding metrics to be as low as 50.0%, 38.1%, and 11.1%, 
respectively [5].

Current hypertension guidelines recognized the effi-
cacy of dual combination therapy as an initial antihy-
pertensive treatment [1, 2, 6–9]. However, hypertension 
involves multiple mechanisms [10, 11], and the goal of 
blood pressure control has become more stringent. Dual 
combination therapy may not be sufficient to meet the 
needs of patients. Several studies have investigated the 
use of low-dose three-drug or four-drug combinations 
in initial treatment [12–16], which showed promising 
results in terms of antihypertensive effects and safety 
profiles compared to monotherapy. However, these stud-
ies employed monotherapy or placebo or usual care as 
controls, which are not consistent with current guide-
lines for initial hypertension treatment or not a fixed 
comparison. These studies did not demonstrate whether 
low-dose multidrug (≥ 3) combinations were more effec-
tive than the current recommended dual combinations, 
and studies conducted in a predominantly Asian/Chinese 
population are still lacking.

Therefore, the QUADUAL trial aimed to address these 
gaps in research by evaluating the efficacy and safety of 
half-dose quadruple therapy compared to standard-dose 
dual therapy.

Methods
Study design
We conducted an investigator-initiated, prospective, 
randomized double-blind 2 × 2 crossover clinical trial, 
comparing the effectiveness and safety of low-dose quad-
ruple antihypertensives with standard-dose dual drugs in 
initial antihypertensive treatment in patients with mild 
to moderate hypertension (140–179/90–109  mm Hg), 

in the Third Xiangya Hospital of Central South Univer-
sity, Hunan Province, China. The protocol (Additional 
file  1) and statistical analysis plan have been published 
previously [17, 18]. This study followed the Consolidated 
Standards of Reporting Trials (CONSORT) reporting 
guideline.

Participants
Participants were eligible for inclusion in the trial if 
they were 1) ≥ 18 and < 80  years old; 2) had never taken 
antihypertensive medications or had not taken antihy-
pertensive medications in the past one month; 3) met 
the diagnostic criteria of hypertension: a) office blood 
pressure: systolic blood pressure ≥ 140 mmHg and/or 
diastolic blood pressure ≥ 90 mmHg, in three separate 
measurements on different days; and b) ABPM: 24-h 
average blood pressure ≥ 130/80 mmHg or daytime aver-
age blood pressure ≥ 135/85 mmHg or nighttime average 
blood pressure ≥ 120/70 mmHg; 4) participated volun-
tarily and signed a written informed consent. Patients 
were excluded from the trial if 1) they were confirmed or 
highly suspected secondary hypertension; 2) had severe 
hypertension; 3) other conditions not appropriate for 
participating in this trial. Detailed inclusion and exclu-
sion criteria were listed in the Additional file 2: Expanded 
Methods.

Randomization
Randomization and blinding were established by an inde-
pendent statistician using blocked randomization and 
individual random crossover method. Except for rand-
omizing, blinding, and drug coding investigators, who 
were not involved in any other process of the trial, all 
others were blinded to patient grouping and drug assign-
ment [17]. The blind allocation was sealed in opaque 
envelopes.

Interventions
Participants were randomized into two crossover 
sequences in 1:1 ratio. One sequence was given low-dose 
quadruple antihypertensive drugs for four weeks, washed 
out with a placebo for two weeks, and then switched 
to standard-dose dual drugs for four weeks. The other 
sequence went the other way (Additional file 2: Fig. S1).
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The combination drugs were put into one identical 
capsule. Half-dose quadruple capsule contained irbe-
sartan 75 mg, metoprolol 23.75 mg (metoprolol tartrate 
sustained-release tablet), amlodipine 2.5 mg, indapamide 
1.25 mg in total (referred to as “1/2 (A + B + C + D)”) and 
standard-dose dual capsule contained irbesartan 150 mg 
and amlodipine 5 mg in total (“A + C” for short), advised 
to take once daily, in the morning on an empty stomach.

Study outcomes
The primary outcome was established as the reduction in 
mean 24-h systolic blood pressure (SBP) by ABPM after 
four weeks of drug administration.

Secondary outcomes were the change in mean daytime 
and nighttime SBP in ABPM; 24-h, daytime, and night-
time mean diastolic blood pressure (DBP) in ABPM; 
morning blood pressure surge in ABPM; office blood 
pressure; home blood pressure; and heart rate after four-
week treatment. Blood pressure control rate after treat-
ment was also concerned. Time in target range (TTR) of 
home blood pressure = days met target / days of medica-
tion × 100% [19]. Medication compliance = (total num-
ber of dispensed medication pills—number of returned 
medication pills) / number of days medication should be 
taken * 100%.

Safety outcomes were adverse events, adverse drug 
reactions after treatment and changes in biochemistry 
results and QT interval of the electrocardiogram.

Certified medical electronic upper arm sphygmoma-
nometer [Omron HBP-1300, OMRON (DALIAN) Co., 
Ltd.] was used for clinic blood pressure and certified 
ambulatory blood pressure monitor [DMS-ABP, DM 
SYSTEMS (Beijing) Co., Ltd.] for ambulatory blood pres-
sure. Home blood pressure was measured at home by 
patients themselves or their family members with upper 
arm sphygmomanometers calibrated by physicians when 
enrolling. Blood pressure measurement methods were 
detailed in Additional file 2: Expanded Methods.

Statistical analysis
Based on results of previous trial [16] that the 1/4 dose 
quadruple combination further reduced SBP by 6.9 mm 
Hg (95% CI 4.9–8.9) compared to single drug, with an 
estimated standard deviation of 15 mm Hg, and our pre-
vious clinical observation results on low-dose quadruple 
combination and standard-dose dual combination, it was 
estimated that the difference in 24-h mean SBP reduction 
between the two groups was 6 ± 15  mm Hg. Consider-
ing 20% loss to follow-up and the random factors of the 
block group, a final sample size of 90 participants with 45 
in each crossover sequence would provide the trial 90% 
power (at a two-sided alpha level of 0.05).

Continuous variables were presented as mean and 
standard deviation (SD) or median and interquartile 
range (IQR) and categorical variables as frequencies and 
percentages. All efficacy results were statistically ana-
lyzed in full analysis set according to the intention-to-
treat principle. The primary outcome and continuous 
variables of secondary outcomes were analyzed using a 
linear mixed-effects model that included all pre-specified 
covariates to analyze the treatment effect, stage effect, 
and sequence effect (residual carryover effect), with par-
ticipant as a random effect [20, 21]. Longitudinal linear 
models were used to estimate the differences in home 
blood pressure. The proportion of participants achiev-
ing target blood pressure was analyzed by McNemar 
chi-square test. Safety outcomes were analyzed using chi-
square tests or Fisher’s exact probability method in safety 
set.

Prespecified subgroups included age (< 45  years 
or ≥ 45  years), sex, and diabetes. Prespecified sensitivity 
analysis were conducted 1) in per protocol set for analy-
sis of primary and secondary outcomes; and 2) in differ-
ent ways of managing missing data for analysis of home 
blood pressure.

All statistical significance tests were conducted using a 
two-sided type I error rate of 5%. All statistical analyses 
were performed using R Studio 2023.06.0 + 421.

Results
Study participants
A total of 90 eligible participants were randomized 
between July 13, 2022, and April 20, 2023, with final 
study visits completed on July 4, 2023. The mean age of 
the study population was 43.88 years, 25.6% were women, 
and 93.3% were Han Chinese. The mean baseline 24-h 
systolic/diastolic blood pressure was 145.59/93.84  mm 
Hg. Prior to randomization, median duration of hyper-
tension was 12  months, and 4.4% of participants had 
ever taken blood pressure-lowering treatment. 4.4% 
had diabetes and 71.1% had mild sleep apnea, with no 
participants complicated with coronary heart disease, 
cerebrovascular disease, and peripheral vascular dis-
ease (Table  1). The mean duration of the trial last for 
75.40  days and medication compliance was more than 
95% (Additional file  2: Table  S1). After excluding one 
participant for low blood pressure, two for using drugs 
that affected the trial, one for COVID-19, and two for 
voluntary withdrawal, a total of 84 participants com-
pleted stage one treatment (full analysis set). In stage two 
treatment, one participant voluntarily withdrew and one 
withdrew due to COVID-19, leaving 75 participants who 
completed the whole treatment (Fig. 1), with 63 partici-
pants included in the per protocol set.
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Primary outcomes
After four-week treatment, the mean change in 24-h 
systolic blood pressure was −22.61  mm Hg (95% CI, 
−24.57 to −20.65 mm Hg) in half-dose quadruple treat-
ment group and −17.94  mm Hg (95% CI, −19.99 to 
−15.89  mm Hg) in the standard-dose dual treatment 

group (Table 2). The mean 24-h systolic blood pressure 
difference between groups was −4.72 mm Hg (95% CI 
–7.60 to –1.84; P < 0.001). Tests for both a carry-over 
effect (P = 0.656) and a stage effect (P = 0.484) were not 
significant. The sensitivity analyses based on per pro-
tocol set also confirmed the significant difference in 

Table 1 Characteristics of the patients at baseline

Data are mean (SD) (for normal distribution) or median  [P25,  P75] (for non-normal distribution) or number of patients (%)(for categorical variables)

ABI Ankle brachial index, ABPM Ambulatory blood pressure monitoring, ALT Alanine transaminase, AST Aspartate transaminase, baPWV, Brachial-ankle pulse 
wave velocity, BMI Body mass index, DBL Direct bilirubin, E/A E/A ratio of mitral valve, eGFR Estimated glomerular filtration rate, FBG Fasting blood glucose, 
HCY Homocysteine, HDL-C High density lipoprotein cholesterol, HTN Hypertension, IMT carotid intima-media thickness, IVS Interventricular septum, LA Left atrium, 
LDL-C Low density lipoprotein cholesterol, LV Left ventricle, LVEF, Left ventricular ejection fraction, LVPW posterior wall of left ventricle, RA Right atrium, RV Right 
ventricle, TBL Total bilirubin, TC, Total cholesterol, TG Triglyceride, TIA Transient ischemic attack, TSH Thyroid stimulating hormone
a Chinese minority
b Ever taken blood pressure-lowering medications but not currently taking treatment for at least 1 month
c Mild sleep apnea which was not considered for the reason of hypertension

Participants (N = 90) Participants (N = 90)

Age (years) 43.88 (10.31) TC (mmol/l) 5.22 (0.93)

Sex (Female) 23 (25.6%) TG (mmol/l) 2.47 (1.96)

Race or ethnicity LDL-C (mmol/l) 3.02 (0.86)

 Han 84 (93.3%) HDL-C (mmol/l) 1.15 (0.28)

  Othersa 6 (6.7%) HCY (umol/l) 12.45 [10.90, 14.80]

Time of HTN (months) 12 [2, 36] Plasma renin (pg/ml) 13.61 [7.84, 22.39]

Ever  treatedb 4 (4.4%) Plasma aldosterone (pg/ml) 167.40 [138.26, 219.74]

Family history of HTN 73 (81.1%) TSH (uIU/ml) 2.37 (1.51)

Family history of early onset cardiovascular 
disease

8 (8.9%) Urinary protein

Smoking 26 (28.9%)  - 70 (77.8%)

Alcohol 8 (8.9%)  + 19 (21.1%)

Diabetes 4 (4.4%)  +  + 1 (1.1%)

Coronary heart disease 0 Sinus rhythm 90 (100.0%)

Cerebrovascular disease 0 SV1 + RV5 (mv) 2.77 (0.78)

Peripheral vascular disease 0 QT (ms) 373.08 (29.96)

Sleep  apneac 64 (71.1%) QTc (ms) 419.24 (22.83)

BMI (kg/m2) 25.54 (3.02) LA (mm) 31.57 (3.25)

Waistline (cm) 88.37 (8.92) RA (mm) 30.16 (2.69)

Statin use 21 (23.3%) LV (mm) 45.61 (3.63)

Fibrate use 5 (5.6%) RV (mm) 28.40 (2.86)

Metformin use 4 (4.4%) IVS (mm) 11.04 (1.23)

Serum potassium (mmol/l) 4.07 (0.36) LVPW (mm) 10.62 (1.08)

Blood sodium(mmol/l) 143.14 (2.09) LVEF (%) 68.79 (5.76)

FBG (mmol/l) 5.45 (1.26) E/A 0.95 (0.33)

Glycosylated hemoglobin (%) 5.81 (1.18) Carotid plaque 22 (24.4%)

Serum creatinine (umol/l) 73.42 (13.24) IMT (mm) 0.87 (0.17)

Serum uric acid (umol/l) 378.22 (86.28) ABI 1.17 (0.07)

Serum urea (mmol/l) 4.53 (1.23) baPWV (cm/s) 1741.26 (273.94)

eGFR (ml/min/1.73m2) 103.12 (12.15) ABPM character

ALT (U/L) 39.96 (29.90)  Dippers 41 (45.6%)

AST (U/L) 28.20 (12.24)  Non-dippers 47 (52.2%)

TBL (umol/l) 14.31 (5.29)  Reverse-dippers 2 (2.2%)

DBL(umol/l) 4.08 (1.58)
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mean 24-h systolic blood pressure (Additional file  2: 
Table S2).

Secondary outcomes
After four-week treatment, the mean differences of 
24-h diastolic blood pressure (−17.09  mm Hg vs. 
−13.15  mm Hg), daytime ambulatory blood pres-
sure (−24.16/−18.12  mm Hg vs. −18.81/−13.73  mm 
Hg), nighttime ambulatory blood pressure 
(−18.35/−13.84  mm Hg vs. −15.56/−11.43  mm Hg), 
and office blood pressure (−25.99/−16.20  mm Hg vs. 
−23.36/−14.99  mm Hg) were significantly different 
between the half-dose quadruple treatment group and 
the standard-dose dual treatment group (Table 2, Addi-
tional file 2: Fig. S2). While two treatments did not show 
obvious difference on home blood pressure in the fourth 
week (Table 2, Additional file 2: Fig. S2), half-dose quad-
ruple treatment reduced patients’ home blood pressure 
in longitudinal change within 4 weeks, especially systolic 
blood pressure, more significantly than standard-dose 
dual treatment (Fig. 2). The sensitivity analyses based on 
per protocol set confirmed the significant difference in 
mean 24-h diastolic blood pressure, daytime ambulatory 
blood pressure, office blood pressure and longitudinal 

home systolic blood pressure difference between groups 
(Additional file 2: Table S2, Fig. S3). The sensitivity analy-
ses in home blood pressure enhanced the significant dif-
ference in mean home blood pressure difference between 
groups, even in home diastolic blood pressure (Addi-
tional file 2: Fig. S4-S6).

The difference between the effects of the two treatment 
regimens on heart rate was inconclusive and not clini-
cally significant (Table 2). The mean morning surge dif-
ferences between groups were not significant (Table 2).

A greater proportion of participants taking half-dose 
quadruple capsule achieved their blood pressure target at 
4th week compared with taking standard-dose dual cap-
sule (Additional file 2: Table S3, Table S4). TTR of home 
blood pressure was significantly higher in half-dose quad-
ruple treatment group than standard-dose dual treat-
ment group (56.91 ± 37.06% vs. 46.03 ± 33.70%; P = 0.025; 
Table  3). Difference of TTR between groups remained 
the same trend in the sensitivity analyses based on par-
ticipants of per protocol set (Additional file 2: Table S5).

Adverse events
In total, 46 adverse events in half-dose quadruple group 
and 17 in standard-dose dual group were reported 

Fig. 1 Trial profile. Only one participant withdrew in the quadruple therapy stage with a blood pressure below 90/60 mmHg and changed 
the treatment to losartan 50 mg per day. “Use of drugs affecting the test”: one participant in quadruple treatment was hospitalized with SAE 
and switched to a different blood pressure medication to facilitate medication adjustment; the others were using other antihypertensive drugs 
by themselves
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Table 2 Effects of quadruple and dual treatments

Treatment Baseline
(0th or 6th week)

End of treatment (4th or 
10th)

Difference P-value✝

Primary outcomes

24-h systolic blood pressure (mmHg)

Quadruple treatment 143.28 (8.26) 120.66 (8.68) −22.61 (8.81) < 0.001*

Dual treatment 142.88 (9.16) 125.04 (8.22) −17.94 (9.15)

Secondary outcomes

24-h diastolic blood pressure (mmHg)

Quadruple treatment 91.91 (8.30) 74.83 (7.10) −17.09 (6.26) < 0.001*

Dual treatment 91.64 (8.55) 78.41 (7.87) −13.15 (6.07)

24-h mean pulse rate (bpm)

Quadruple treatment 76.28 (8.98) 74.33 (9.23) −1.95 (7.30) < 0.001*

Dual treatment 76.42 (9.94) 77.89 (9.74) 1.49 (6.58)

Daytime ambulatory systolic blood pressure (mmHg)

Quadruple treatment 147.30 (9.61) 123.14 (9.48) −24.16 (9.83) < 0.001*

Dual treatment 146.64 (9.77) 127.91 (8.60) −18.81 (9.42)

Daytime ambulatory diastolic blood pressure (mmHg)

Quadruple treatment 94.97 (9.06) 76.85 (7.57) −18.12 (7.17) < 0.001*

Dual treatment 94.52 (8.92) 80.65 (8.15) −13.73 (6.35)

Daytime ambulatory mean pulse rate (bpm)

Quadruple treatment 79.92 (9.58) 77.47 (10.00) −2.45 (8.28) < 0.001*

Dual treatment 80.44 (10.79) 81.86 (10.47) 1.44 (7.31)

Night-time ambulatory systolic blood pressure (mmHg)

Quadruple treatment 132.60 (9.24) 114.25 (9.22) −18.35 (10.46) 0.034*

Dual treatment 132.37 (10.96) 116.95 (9.79) −15.56 (10.98)

Night-time ambulatory diastolic blood pressure (mmHg)

Quadruple treatment 83.62 (8.99) 69.79 (7.76) −13.84 (7.59) 0.014*

Dual treatment 83.62 (9.85) 72.20 (8.90) −11.43 (7.92)

Night-time ambulatory mean pulse rate (bpm)

Quadruple treatment 66.31 (8.85) 66.94 (10.76) 0.62 (8.80) 0.397

Dual treatment 65.23 (8.81) 67.05 (8.77) 1.87 (6.96)

Morning Surge (mmHg)

Quadruple treatment 17.65 (11.97) 17.02 (10.87) −0.62 (14.25) 0.790

Dual treatment 22.07 (11.28) 17.54 (11.78) −4.39 (13.48)

Office systolic blood pressure (mmHg)

Quadruple treatment 148.52 (13.23) 122.54 (10.94) −25.99 (12.80) < 0.001*

Dual treatment 151.40 (13.02) 128.19 (10.57) −23.36 (12.12)

Office diastolic blood pressure (mmHg)

Quadruple treatment 94.43 (10.31) 78.23 (7.91) −16.20 (8.80) 0.014*

Dual treatment 95.86 (10.99) 81.02 (8.73) −14.99 (8.14)

Office pulse rate (bpm)

Quadruple treatment 78.69 (12.42) 75.26 (12.57) −3.42 (12.03) 0.327

Dual treatment 79.69 (13.85) 76.96 (11.61) −2.70 (9.87)

Home systolic blood pressure (mmHg)

Quadruple treatment 144.92 (13.37) 122.52 (10.35) −22.40 (14.41) 0.368

Dual treatment 147.67 (14.59) 124.65 (10.48) −23.02 (15.11)

Home diastolic blood pressure (mmHg)

Quadruple treatment 93.93 (9.22) 80.64 (8.59) −13.29 (8.72) 0.312

Dual treatment 96.11 (10.86) 82.65 (9.39) −13.45 (9.32)

Home pulse rate (bpm)

Quadruple treatment 78.75 (11.55) 76.48 (12.00) −2.23 (9.42) 0.122

Dual treatment 78.42 (13.10) 78.40 (11.58) −0.02 (10.75)
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during the study, in which 36 and 8 adverse events, 
respectively, were considered related to the treatment 
(definite, probable and possible relationship). The most 
common adverse events reported in half-dose quadru-
ple group were investigations (especially fasting blood 
glucose increased and blood uric acid increased), 
which were significantly more than standard-dose 
dual group (N = 9 vs. N = 2, P = 0.029; and N = 21 vs. 
N = 1, P < 0.001; respectively; Table 4, Additional file 2: 

Table S6-S7). For both treatments, the total number of 
dropouts in two phases was four. Only one participant 
withdrew in the quadruple therapy stage for his blood 
pressure below 90/60  mmHg and changed the treat-
ment to losartan 50 mg per day. No any other instances 
where participants had to change the dose of medica-
tions taken due to intolerance.

Only one participant in half-dose quadruple group 
reported one serious adverse event (cerebral infarction) 

Table 2 (continued)
Data are mean (SD)
✝ Linear mixed effect model adjusted for basic blood pressure/heart rate, stage, sequence, sex, age, nation, DM, OSAS, smoke, alcohol, ever treated, time of HTN, BMI 
and eGFR, with participants as randomized effect
* P < 0.05 for significant difference between two treatments

Fig. 2 Effects on home blood pressure of two treatments. P was for interaction effect of treatment and days based on linear mixed effect model, 
adjusted for stage, sequence, sex, age, nation, diabetes, OSAS, smoke, alcohol, ever treated, time of hypertension, BMI and eGFR, with participants 
and treatments as randomized effect. I bars represent 95% confidence intervals

Table 3 Effects of quadruple and dual treatments on TTR of home blood pressure

Data are mean (SD) of TTR 

TTR  Time in target range of blood pressure
✝ Linear mixed effect model adjusted for basic blood pressure, stage, sequence, sex, age, nation, DM, family history of HTN, family history of early onset cardiovascular 
disease, OSAS, smoke, alcohol, ever treated, time of HTN, waistline, BMI, LVEF, carotid plaque, IMT, ABI, baPWV, eGFR and drugs taken, with participants as randomized 
effect
* P < 0.05 for significant difference between two treatments

Quadruple treatment Dual treatment P-value✝

Home systolic blood pressure 83.68 (27.44) 72.64 (30.24) 0.006*

Home diastolic blood pressure 58.04 (34.76) 49.64 (35.83) 0.041*

Home blood pressure 56.91 (37.06) 46.03 (33.70) 0.025*
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(Table  4), who was finally diagnosed with moyamoya 
disease by digital subtraction angiography.

Laboratory values
There were statistically significant between-group dif-
ferences in the changes of serum potassium, serum 
sodium, fasting blood glucose, serum creatinine, 
serum uric acid, and serum urea, while not for ala-
nine transaminase, aspartate transaminase, total bili-
rubin, direct bilirubin, QT interval, and QTc interval 
(Table 5).

Subgroup analysis
There was no evidence of heterogeneity in the treatment 
effect for the outcomes in the prespecified subgroups of 
sex and age (Additional file 2: Fig. S7, Table S8). Because 
only four patients had diabetes mellitus, a subgroup anal-
ysis based on this condition was not performed.

Discussion
This crossover trial demonstrated that initiating treat-
ment with half-dose quadruple combination therapy was 
more effective in lowering blood pressure than starting 
with standard-dose dual therapy. Apart from significant 
increases of fasting blood glucose and blood uric acid in 
the half-dose quadruple group, no other adverse events 
or changes in laboratory values differed significantly 
between the two treatments.

Early attainment of target blood pressure is known to 
lower cardiovascular risk and lead to better prognosis 
[22–25]. Aggressive treatment of patients with grade 1 
and 2 hypertension could reduce 803,000 cardiovascular 
events per year and increase 1.2 million quality-adjusted 
life years compared with maintaining the status quo [26], 
yielding considerable socioeconomic benefits. The PURE 
study noted that less than 1/3 of hypertensive patients 
achieved target blood pressure after starting with only 
monotherapy [27]. Compared with monotherapy, com-
bination therapy at the initiation of antihypertensive 

Table 4 Adverse events during the study period

Data are frequency of adverse events (%)
a Reported serious adverse event
* P < 0.05 for significant difference between two treatments

Quadruple treatment Dual treatment

Flushing 0 1 (1.11%)

Hypotension 1 (1.11%) 0

Fatigue 1 (1.11%) 1 (1.11%)

Perspiration 0 1 (1.11%)

Poor appetite 1 (1.11%) 0

Cerebral  infarctiona 1 (1.11%) 0

Headache 0 1 (1.11%)

Dizziness 2 (2.22%) 2 (2.22%)

Palpitation 0 2 (2.22%)

Chest distress 2 (2.22%) 0

Gout 0 0

Serum potassium decreased 5 (5.56%) 2 (2.22%)

Serum sodium decreased 0 0

Fasting blood glucose increased* 9 (10.00%) 2 (2.22%)
Creatinine increased 0 0

Blood urea increased 0 0

Blood uric acid increased* 21 (23.33%) 1 (1.11%)
Alanine aminotransferase increased 2 (2.22%) 3 (3.33%)

Aspartate aminotransferase increased 1 (1.11%) 0

Total bilirubin increased 0 1 (1.11%)

Direct bilirubin increased 0 0

Urinary protein increased 0 0

QT interval prolongation 0 0

QTc interval prolongation 0 0

Total* 46 (51.11%) 17 (18.89%)
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treatment increased magnitude of blood pressure reduc-
tion and shortened time to target blood pressure [28–30], 
even in patients with grade 1 hypertension [31–33].

In recent years, some researchers proposed the hypoth-
esis that low-dose multidrug combinations (≥ 3) offered 
better antihypertensive effects and fewer side effects in 
initial treatment, and conducted preliminary investiga-
tions into this field [12–16], further breaking the stereo-
typed thought that the current antihypertensive regimen 

started with a combination of two drugs, based on which 
2023 ESH hypertension guidelines mentioned the quad-
pill concept [34]. However, none of the above studies 
compared the dual therapy recommended by hyperten-
sion guidelines and involved the Chinese population. 
Our findings addressed these gaps, and strengthened the 
conclusion that small dose of quadruple drugs were more 
effective in lowering blood pressure than standard-dose 
dual drugs. In our study, half-dose quadruple therapy 

Table 5 Effects of two treatments on laboratory measurements

✝ Linear mixed effect model adjusted for basic values, stage, sequence, sex, age, DM, with participants as randomized effect

Drug Baseline End of treatment
(4th or 10th)

Overall Difference P-value 
from 
baseline

P-value
between  groups✝

Serum potassium (mmol/l)
Quadruple treatment 4.07 (0.34) 3.90 (0.33) −0.17 (0.35) < 0.001 < 0.001

Dual treatment 4.07 (0.37) 4.12 (0.27) 0.03 (0.34) 0.492

Serum sodium(mmol/l)
Quadruple treatment 142.99 (1.81) 141.84 (1.88) −1.31 (2.42) < 0.001 < 0.001

Dual treatment 143.28 (2.35) 142.88 (1.97) −0.26 (2.58) 0.371

FBG (mmol/l)
Quadruple treatment 5.55 (1.44) 5.90 (1.23) 0.41 (0.83) < 0.001 0.011

Dual treatment 5.34 (1.05) 5.59 (1.38) 0.11 (0.79) 0.224

Serum creatinine (umol/l)
Quadruple treatment 74.58 (13.62) 75.38 (12.38) 1.75 (7.81) 0.049 < 0.001

Dual treatment 72.27 (12.89) 71.18 (12.15) −2.19 (6.72) 0.005

Serum uric acid (umol/l)
Quadruple treatment 375.91 (87.49) 419.92 (89.46) 39.27 (82.68) < 0.001 < 0.001

Dual treatment 380.53 (85.99) 331.09 (79.27) −45.81 (72.13) < 0.001

Serum urea (mmol/l)
Quadruple treatment 4.31 (1.12) 5.37 (1.21) 0.80 (1.26) < 0.001 < 0.001

Dual treatment 4.75 (1.31) 4.75 (1.37) 0.16 (1.25) 0.269

ALT (U/L)
Quadruple treatment 40.02 (24.19) 35.05 (22.24) −4.16 (22.94) 0.109 0.304

Dual treatment 39.89 (34.97) 37.49 (24.24) −3.27 (21.55) 0.182

AST (U/L)
Quadruple treatment 29.13 (9.98) 27.20 (11.76) −0.96 (11.64) 0.462 0.106

Dual treatment 27.27 (14.20) 25.51 (7.96) −2.39 (9.22) 0.024

TBL (umol/l)
Quadruple treatment 13.33 (4.86) 13.49 (5.99) −0.44 (4.60) 0.395 0.925

Dual treatment 15.30 (5.56) 13.39 (5.09) −0.68 (4.65) 0.201

DBL (umol/l)
Quadruple treatment 3.76 (1.45) 4.09 (1.87) 0.03 (1.36) 0.863 0.343

Dual treatment 4.39 (1.66) 4.23 (1.69) 0.15 (1.45) 0.346

QT interval (ms)
Quadruple treatment 370.44 (29.85) 380.52 (32.47) 8.50 (26.92) 0.006 0.097

Dual treatment 375.71 (30.18) 375.95 (28.21) 3.29 (25.07) 0.247

QTc interval (ms)
Quadruple treatment 414.98 (21.08) 412.10 (25.47) −7.14 (20.79) 0.003 0.396

Dual treatment 423.51 (23.93) 413.38 (23.83) −5.54 (22.14) 0.029
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reduced SBP by 4.72  mmHg more than standard-dose 
dual therapy, which is less than the QUARTET trial [16], 
where quadruple quarter-dose therapy lowered SBP by 
6.9  mmHg more than standard-dose monotherapy. This 
is consistent with the current understanding that the 
combination of two different medications is more effec-
tive than doubling the dose of a single drug. In addition, 
the primary outcome of our study was 24-h SBP, which 
is a better metric compared to office BP [35, 36]. This is 
also an advantage compared to previous research. Recent 
years, higher TTR was found associated with a decreased 
risk of death from any cause and major adverse cardio-
vascular events [37–39]. So, we added to analysed this 
parameter retrospectively and found that small dose 
of quadruple drugs could significantly increase TTR. 
Though the decrease of home blood pressure at the 
fourth week between two treatments seemed no obvious 
difference, the longitudinal home blood pressure within 
the four weeks and TTR revealed significant advantages 
in small dose of quadruple drugs. The suspected reason 
may be nervousness on the day of visit, making the home 
blood pressure higher on that day.

Looking at the baseline data, we could see that it was 
a relatively young cohort, with only 4% having diabe-
tes. Older hypertensive patients often visited the clinic 
already on medication, whereas younger hypertensive 
patients were typically not on any treatment when they 
sought care. Our study primarily focused on untreated 
hypertensive patients, which may be why the sam-
ple mainly consisted of younger individuals with fewer 
comorbidities, such as diabetes. In young people, women 
are generally less likely to develop hypertension and other 
cardiovascular diseases, due to the protective effects of 
estrogen [40], which may be the reason the population 
was predominantly male. In this trial, we chose "A + C" 
over "A + D" as control based on evidence-based evi-
dence and Chinese clinical practice. 2020 ISH guidelines 
only recommended "A + C" [1], and there was ample evi-
dence for "A + C" [41, 42] rather than "A + D" [42, 43] in 
hypertension treatment. "A + C" was also the most pre-
scribed dual combination in China [44]. Therefore, as an 
exploratory attempt, we chose the more obvious advan-
tageous "A + C" combination as control. Regarding to 
beta-blocker, although it was no longer recognized as a 
priority antihypertensive drug in American guidelines 
[6], it was recommended as the first-line drug in Chinese 
[45] and European guidelines [34]. Moreover, the sympa-
thetic nervous system and the renin-angiotensin system 
were significantly activated in Chinese population espe-
cially with young and middle age [46–49], so, our quad-
ruple combination included beta-blocker.

In this trial, the half-dose quadruple combination 
reported more adverse events on fasting blood glucose 

and blood uric acid, which may be related to beta-block-
ers and diuretics [50–53]. The incidence of gout induced 
by the quadruple combination remained zero, despite 
increased uric acid. In addition, half-dose quadruple 
combination could reduce blood potassium and sodium 
and elevate creatinine and urea to some extent, which 
may all be associated with diuretics [54, 55]. However, 
there was no clinical meaning for these small changes 
compared with baseline.

Although one participant experienced a cerebral 
infarction when using low-dose quadruple therapy, the 
blood pressure of this participant was not low (approxi-
mately 150/90 mm Hg). The diagnosis was confirmed by 
digital subtraction angiography with Moyamoya disease, 
which made the patient susceptible to stroke [56]. After 
comprehensive analysis by the clinical end point commit-
tee and neurological physician, this serious adverse event 
was more related to the patient’s underlying condition. 
For the convenience of adjusting the medication accord-
ing to blood pressure, the participant withdrew from the 
trial.

In general, the safety of half-dose quadruple therapy 
was comparable with standard-dose dual therapy, and 
specific adverse events were related to the type of drug 
combinations.

Strength
The strengths of this study are that: 1) the use of dual 
combination as control, unlike the previous trials with 
single drug or placebo, could illustrate the antihyper-
tensive advantages of quadruple combinations more 
effectively; 2) the use of a single capsule with identi-
cal appearance and interior could effectively ensure the 
implementation of blinding, guarantee the participants’ 
compliance with medication [57], and also reduced in the 
feeling of polypharmacy [57]; 3) crossover design is self-
controls and can minimize bias and improve statistical 
power; 4) the use of a range of blood pressure measure-
ment methods, including ABPM, office blood pressure 
and home blood pressure, made the results more con-
vincing, and the treatment effects were consistent.

Limitation
Due to the single sample source and a small sample size, 
the study was limited in its ability to cover a broad popu-
lation and geographic area, which may restrict its gener-
alizability. The small number of patients may also make 
some results like target rate of blood pressure and sub-
group analysis less convincing. Pill-count compliance 
has its limitations, including the possibility that partici-
pants may remove pills before clinic visits. In addition, 
the trial failed to explore the long-term antihyperten-
sive effect and prognosis of cardiovascular outcomes for 
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the limitations of the crossover study. Various half-dose 
quadruple combinations and standard-dose dual combi-
nations were not employed in the trial, making it difficult 
to generalize the conclusions to all multi-drug combina-
tions. However, the combinations in this trial were typi-
cal and representative, at least giving the concept that 
half-dose quadruple combinations were more effective in 
lowering blood pressure than standard-dose dual combi-
nations. Therefore, more subsequent studies are needed 
for further exploration of the advantages of small-dose 
quadruple antihypertensive drugs by including more 
research centers, employing more kinds of combinations 
of quadruple and dual drugs, and observing for a longer 
period for prognosis of cardiovascular outcomes.

Conclusions
The QUADUAL study, to our knowledge, was the first 
trial to investigate the antihypertensive effect of low-dose 
quadruple drug initial treatment with standard-dose dual 
therapy as control, and it was also the first quadruple 
antihypertensive study conducted in the Chinese popula-
tion. This study could provide a rich and solid theoretical 
basis for the development of possible low-dose quadruple 
antihypertensive combinations in the future, and provide 
a reference for the selection of antihypertensive programs 
in hypertension guidelines, thereby actively promoting 
the prevention and treatment of hypertension.
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