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Purpose: Coexistence of hypertension (HTN) and hypercholesterolemia is a major synergistic 

and modifiable risk factor for cardiovascular disease (CVD). Thus, a fixed-dose combination 

(FDC) of anti-HTN drugs and statins may be useful for treating CVD. This study evaluated the 

efficacy of an FDC of irbesartan and atorvastatin (Rovelito®) in Korean patients.

Patients and methods: Patients with HTN and hypercholesterolemia were screened for this 

prospective, observational, descriptive, multi-center, phase IV study. Eligible patients were 

administered with Rovelito for 3 months. Dose adjustment was allowed based on the physician’s 

discretion. Blood pressure (BP) goal was ,140/90 mmHg, and blood lipid goal was based on 

Adult Treatment Panel III. Compliance with therapeutic lifestyle modification and safety of 

the study drugs were evaluated.

Results: Of the 2,777 patients enrolled in this study, 931 were analyzed for clinical efficacy. 

BP and low-density lipoprotein cholesterol (LDL-C) goals were achieved in 801 (86.04%) and 

797 (85.61%) patients, respectively. For the BP goal, higher baseline BP and higher body mass 

index were risk factors for treatment failure. For LDL-C goal, baseline LDL-C level, number 

of concomitant drugs, smoking status, and alcohol consumption were risk factors for treatment 

failure. Of the 931 participants, 694 (74.54%) achieved the treatment goals for both BP and 

LDL-C. Smoking status, alcohol consumption, number of concomitant drugs, and higher base-

line LDL-C and BP levels were risk factors for treatment failure in both BP and LDL-C goals. 

Adherence with Rovelito was 97.90%±5.79%, and incidence of adverse events was 4.19% (116).

Conclusion: FDC of irbesartan and atorvastatin (Rovelito) could be extremely helpful in 

treating patients with both HTN and hypercholesterolemia. Poor metabolic profiles were risk 

factors for poor treatment response and the reason for choosing Rovelito. Therapeutic lifestyle 

modification should still be underscored despite the 75% treatment success rate with Rovelito 

for both conditions.
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Introduction
Cardiovascular diseases (CVD) have become one of the most important health issues 

worldwide. Hypertension (HTN) and dyslipidemia are the two major contributing and 

modifiable risk factors for CVD.1,2 The co-existence of the two risk factors has additive 

effects on the blood vessels, which results in enhanced atherosclerosis, and thereby 

leads to CVD and coronary heart disease (CHD).3,4 A recent large epidemiological 

study with a long follow-up demonstrated a remarkable positive association between 

blood pressure (BP) and the risk of CHD death in patients with higher total cholesterol 

levels.5 Furthermore, co-existence of HTN and hypercholesterolemia substantially 
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increases the risk of CVD events compared with the presence 

of only one of these risk factors.6

Previous epidemiological studies in the United States 

have shown that the prevalence of HTN and hypercholes-

terolemia is 15%–31%.7,8 A large-scale retrospective study 

demonstrated that the prevalence of HTN (17.6%) is greater 

than that of dyslipidemia (12.3%), with HTN and dyslip-

idemia comorbidities found in 8.0% of the population.9 

Moreover, among hypertensive patients, 45.2% had dyslip-

idemia and 64.9% of dyslipidemia patients had comorbid 

HTN.9 Additionally, 36% of hypertensive patients and 20% 

of dyslipidemia patients received pharmacologic treatment 

for their conditions, while 65% and 61% of patients with 

comorbidities received pharmacologic treatment only for 

HTN and dyslipidemia, respectively.

Despite the relatively higher treatment rate, the control 

rate of dyslipidemia or HTN was low. The control rates of 

patients with dyslipidemia only, HTN only, and both diseases 

were 7%, 15%, and 17%, respectively.9 Recent guidelines 

for HTN favor the use of a combination of two or more anti-

hypertensive drugs at fixed doses in a single tablet because 

reducing the number of pills administered daily improves 

adherence, which in turn increases the rate of BP control.10,11 

Such rationale could also be applied to patients with HTN 

with concomitant dyslipidemia, diabetes mellitus, CVD, and 

obesity. After the development of a single-pill combination 

of amlodipine and atorvastatin, this combination therapy 

became available and was shown to be efficacious and 

well-tolerated for the simultaneous treatment of HTN and 

hypercholesterolemia in clinical practice.12 Several fixed dose 

combinations (FDCs) of antihypertensive drugs and statins 

have been developed and prescribed. Renin–angiotensin 

system (RAS) blockers are effective in preventing CVD and 

angiotensin receptor blockers (ARB) are more advantageous 

for Asians patients as dry cough, an adverse effect of angio-

tensin converting enzyme (ACE) inhibitors was not observed 

in these patients.13 In addition, treating patients with type 2 

DM, HTN, and overt nephropathy using irbesartan was both 

a cost-effective and life-saving strategy compared to the use 

of amlodipine and standard antihypertensive treatment.14 

Hence, an FDC of irbesartan and atorvastatin (Rovelito®, 

Hanmi Pharmaceutical Co., Ltd., Seoul, Korea) could be 

useful for preventing CVD. A previous retrospective study9 

demonstrated that several baseline characteristics, such 

as age, DM, smoking, CVDs, and family history of CHD 

affect treatment and control rates of HTN and dyslipidemia 

comorbidities.9 Most importantly, poor compliance should 

be overcome to improve the control rate in patients with both 

HTN and dyslipidemia. An FDC of ARBs and statins can be 

a useful option to improve compliance. Moreover, there are 

only a few studies showing the efficacy of FDC of ARB plus 

statins and evaluating risk factors affecting the control rate 

of patients with both HTN and dyslipidemia.6,8,12,15

Thus, this prospective observational study aimed to 

evaluate the efficacy of the FDC drug Rovelito in real-

world clinical practice and identify how the overall clinical 

factors including medication status influenced the achieve-

ment of BP and/or low-density lipoprotein cholesterol 

(LDL-C) goal among Korean patients with both HTN and 

hypercholesterolemia.

Patients and methods
study design and patient recruitment
This prospective, observational, descriptive, multi-center, 

phase IV study was conducted in 74 centers (56 hospitals and 

11 clinics) in Korea from February 2014 to May 2016. Patients 

with both HTN and hypercholesterolemia and aged $19 years 

were eligible. Exclusion criteria were acute liver disease or 

hepatic dysfunction (aspartate aminotransferase or alanine 

aminotransferase levels $3 times the normal upper limit); 

elevated serum creatinine level ($2.5 mg/dL); creatinine 

phosphokinase level .2 times the normal upper limit; 

elevated serum triglycerides ($500 mg/dL); hypersensitivity 

to hydroxymethylglutaryl coenzyme A reductase inhibitors; 

uncontrolled HTN (SBP $180 mmHg or DBP $110 mmHg 

measured at rest, with antihypertensive medication); uncon-

trolled DM; current treatment with any type of lipid-lowering 

drugs; diagnosis or risk of myopathy (renal impairment or 

previous renal dysfunction, hypothyroidism, genetic defects or 

family history of myopathy, experienced muscle toxicity with 

statins or fibrates, prior liver disease, or high alcohol consump-

tion); pregnant and breastfeeding women; adequate methods 

of contraception not being used by women (including those of 

childbearing potential); contraindications for participant; legal 

reasons for not participating or inability to participate based 

on the investigator’s decision; and concomitant drug therapy 

that could interact with the study drug.

Patients who underwent baseline evaluation and met the 

eligibility criteria were enrolled. The enrolled patients were 

treated with Rovelito and followed-up by normal clinical 

practice. The dosage was varied from 150/10 mg to 150/20, 

300/10, and 300/20 mg (irbesartan/atorvastatin) according 

to the physician’s discretion.

The study protocol was approved by the institutional 

review boards at each participating center, and all study 

participants provided written informed consent (Table S1). 
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This study was conducted according to the Declaration of 

Helsinki and Good Clinical Practice guidelines.

Patient data collection
Data on demographic characteristics, lifestyle habits, per-

sonal and familial medical history, and concomitant medi-

cations received during consultations were obtained. The 

participants also underwent physical examination, and their 

vital signs (BP and heart rate) were measured. Laboratory 

tests were conducted to evaluate lipid profiles. These tests 

were performed at baseline and the last visit. Furthermore, 

information on adverse events (AEs) from the baseline 

onwards was collected. Data on medication compliance were 

also obtained during the follow-up visits by evaluating the 

proportion of days covered.

Definition of measurements 
and questionnaire
Family history of premature CAD was defined as any occur-

rence of myocardial infarction or sudden death among same 

sex, first-degree relatives: parent or siblings (men ,55 years 

old or women ,65 years old).

Physical activity was described based on the number of 

episode of moderate or heavy exercise performed for .10 

minutes. Moderate-intensity exercise induces a heart rate 

60%–75% of the maximum heart rate (220-age), which one 

feels “a little tiring” and is equivalent to walking fast at 

4.8–6.4 km/h (3–4 mph).

A dietary assessment questionnaire including 10 items of 

the mini dietary assessment index was administered at every 

visit, and compliance with the dietary assessment was classi-

fied as follows: poor adherence (total dietary score decreased 

compared with baseline and the items that scored #3 points 

at baseline for the main items [4, 5, 6, 7, 9] did not change 

after 3 months), average adherence (if one of the main items 

[4, 5, 6, 7, 9] improved and the total score increased compared 

with baseline), and good adherence (if two or more of the 

main items [4, 5, 6, 7, 9] improved compared with baseline or 

four or more of the main items scored 5 points [4, 5, 6, 7, 9]).

Whether the patients achieved moderate alcohol con-

sumption and smoking cessation were investigated. The 

criteria for achieving moderation in alcohol consumption 

were 30 g/day in men, 15 g/day in women.

Efficacy and safety assessment
Treatment success was evaluated at the visit after 3 months 

of treatment based on target BP goal ,140/90 mmHg for 

patients aged #80 years and LDL goals according to the 

Adult Treatment Panel III15 for HTN and hypercholesterol-

emia, respectively. Therefore, LDL goals were ,100 mg/dL 

for cases with CHD or CHD risk equivalents, ,130 mg/dL for 

cases with two or more risk factors, and ,160 mg/dL for 

cases with no or one risk factor. This study also evaluated the 

clinical variables that affect the achievement of BP and/or 

LDL-C goals to determine treatment efficacy. Adherence to 

treatment with Rovelito and compliance with therapeutic 

lifestyle modification were also assessed, and AEs were 

measured. AEs were described using the Medical Dictionary 

for Regulatory Activities Terminology and/or based on actual 

observations.

statistical analyses
Continuous variables are expressed as mean ± SD, or median 

with minimum, and maximum values. Categorical variables 

are expressed as frequency and percentage with 95% CIs.

Differences in demographic and other baseline charac-

teristics by fulfillment/failure of the treatment goals were 

tested by independent t-test, chi-squared test, or Fisher’s 

exact test. Paired t-test or Wilcoxon signed-rank test was 

used to compare the baseline BP or LDL-C values and the 

values after 3 months.

Multiple logistic regression analysis was used to identify 

factors associated with failure to achieve the treatment goals 

for BP and LDL-C at 3 months after therapy. In model 1, 

the target variable was the achievement of treatment goals 

for BP. In model 2, target variable was the achievement of 

treatment goals for LDL-C. In model 3, target variable was 

the achievement of treatment goals for both BP and LDL-C.

A P-value ,0.05 was considered statistically significant. 

All statistical analyses were performed using SAS statistical 

software version 9.3.

Results
Patient disposition, demographic 
characteristics, and baseline variables
A total of 2,777 patients were enrolled in this study, and 2,770 

(99.75%) patients were included in the safety analysis. Of the 

2,770 study participants who received irbesartan/atorvastatin 

(Rovelito), 2,545 (91.88%) completed the clinical study. 

The results of 931 patients were included in the final clinical 

progress analysis (Figure 1).

The mean dose of irbesartan/atorvastatin at the end 

of study period was 160.1/12.4 mg. The average SBP 

of the 931 patients in the clinical progress analysis 

was 130.89±14.85 mmHg, while the average DBP 
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was 79.94±11.31 mmHg. The average LDL level was 

102.69±38.36 mg/dL (Table 1). Of 931 patients, 694 (74.5%) 

had controlled BP and 661 (70.9%) had controlled LDL-C 

after 3 months of treatment with Rovelito. At baseline, both 

BP and LDL-C goals were controlled in 504 participants 

(54.1%). With regard to the comorbidities, 405 had DM 

Figure 1 Study flowchart.

Table 1 Patient demographic characteristics and laboratory 
findings

Rovelito®

(N=931)

Number (%)

sex
n 931
Male 493 (52.95)
Female 438 (47.05)

age (years)
n 931
Mean ± sD 63.23±10.67
Median (min, max) 64.00 (25.00, 88.00)
,65 485 (52.09)
$65 446 (47.91)

BMia (kg/m2)
n 931
Mean ± sD 25.38±3.69
Median (min, max) 24.89 (16.32, 47.78)
,25 487 (52.31)
$25 444 (47.69)

(Continued)

Table 1 (Continued)

Rovelito®

(N=931)

Number (%)

number of concomitant drugs
n 931
#2 532 (57.14)
3–4 214 (22.99)
.4 185 (19.87)

Physical activity time (minutes)b

n 931
Mean ± sD 134.15±235.67
Median (Min, max) 60 (0.00, 3,780.00)
inactivity (,90) 540 (58.00)
activity ($90) 391 (42.00)

non-smoking
n 930
Yes 791 (85.05)
no 139 (14.95)

no drinking and moderation in drinkc

n
no drinking

930
648 (69.60)

achieving moderation in drink 181 (19.44)
Failing moderation in drink 102 (10.96)

Diabetes mellitus
n 931
Yes 405 (43.50)
no 526 (56.50)

chronic kidney disease
n 931
Yes 70 (7.52)
no 861 (92.48)

sBP (mmhg)
n 931
Mean ± sD 130.89±14.85
Median (min, max) 130 (77.00, 215.00)

DBP (mmhg)
n 931
Mean ± sD 79.94±11.31
Median (min, max) 80.00 (43.00, 129.00)

lDl-c (mg/dl)
n 931
Mean ± sD 102.69±38.36
Median (min, max) 96.40 (3.00, 248.00)

Notes: aBMi = weight/(height [m])2. bThe time of exercise where exercises of 
intermediate or higher intensity performed for 10 minutes or longer is summed. 
cThe criteria for achieving moderation in drink: ,30 g/day in men, ,15 g/day in 
Women.
Abbreviations: BMi, body mass index; BP, blood pressure; lDl-c, low-density 
lipoprotein-cholesterol.

(43.50%) and 70 had chronic kidney disease (7.52%). Data 

on other demographic characteristics are presented in Table 1.

The number of medications for hypercholesterolemia 

and HTN in study participants at baseline was 1.4 and 2.4, 

respectively. The most commonly prescribed antihyperten-

sive drugs were RAS blocker (70.5%; ARB [65.1%] or ACE 
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inhibitors [7.4%]), followed by calcium channel blockers 

(29.9%), beta-blockers (15.7%), and diuretics (4.9%).

The number of medications other than Rovelito reported 

in study participants was 3.6 in 2,047 patients (73.9%). 

Other commonly reported concurrent medications were 

anti-thrombotic agents (48.3%) followed by antidiabetic 

drugs (25.7%).

Primary efficacy evaluation
Of the 931 participants who had all the variables needed for 

the analyses, 801 (86.04%) and 797 (85.61%) achieved the 

HTN and hypercholesterolemia treatment goals, respectively 

(Figure 2A and B).

The results of multiple logistic regression analyses 

showed that body mass index (BMI) $25 kg/m2 and BP 

levels, such as stage 1 and stage 2 HTN, were risk factors for 

failure to achieve treatment goals for BP (Table 2); and that 

smoking status, number of concomitant drugs, and severity of 

hypercholesterolemia severity were the significant factors for 

failure to achieve treatment goals for LDL-C level (Table 3). 

On the other hand, patient who failed to achieve moderate 

alcohol consumption had reduced failure to achieve the treat-

ment goal for LDL-C (P=0.047).

Secondary efficacy evaluation
achievement rate of both BP and lDl-c goals
Of 931 participants, 694 (74.54%) achieved the treatment 

goals for both HTN and hypercholesterolemia after 3 months 

of treatment (Figure 2C). The number of concurrent medica-

tions of participants who achieved the treatment goals for 

both HTN and hypercholesterolemia was 2.50±2.76, whereas 

that of those who failed to achieve the treatment goals for 

both was 3.56±2.68. In multiple logistic regression analyses 

for failure to achieve both BP and LDL-C goals, smoking, 

alcohol consumption, number of concomitant drugs, and 

severity of hypercholesterolemia and HTN were the signifi-

cant risk factors (Table 4).

BP and lDl-c changes
In patients who achieved the BP goal (n=801), reductions in 

SBP and DBP at 3 months after treatment were -7.03±14.82 

mmHg (-4.5%) and -4.40±10.09 mmHg (-4.4%), respec-

tively (P,0.0001; Figure 3). In those who failed to 

achieve the BP goal (n=130), the SBP and DBP increased 

by 10.76±18.12 and 5.14±10.30 mmHg, respectively 

(P,0.0001; Figure 3).

In patients who achieved the LDL-C goal (n=797), 

LDL-C reduced by -15.56±33.53 mg/dL (-5%) (P,0.0001) 

at 3 months after treatment, whereas in those who failed 

to achieve the LDL-C goal (n=134), LDL-C reduced 

by -2.21±36.84 mg/dL only (Figure 4).

Therapeutic lifestyle modification
Drug adherence was 97.90%±5.79%. Patients with DM 

showed a significantly lower level of adherence compared 

to those without DM (P=0.0174). The drug adherence of the 

study participants with an alcohol consumption habit was 

significantly lower at baseline (P=0.0098).

Duration of physical exercise, which is a part of thera-

peutic lifestyle modification in the 931 participants, was 

134.15±235.67 minute at the first visit and decreased to 

129.42±216.54 minute, although the change was not significant.

Of the 931 participants, 89.04% achieved the moderate 

alcohol consumption goal. However, with a baseline value 

of 83.84% in the 2,770 study participants, the change was 

not remarkable. Male (P,0.0001) and smokers (P,0.0001) 

were less likely to meet the recommended moderate alcohol 

consumption goal. Participants aged $65 years (P=0.0148), 

with more concomitant medications (P=0.0074), and with 

Figure 2 achievement rate of treatment goal – hypertension (A), hypercholesterolemia (B), and both BP and lDl-c (C) – evaluated at 3 months after treatment.
Abbreviations: BP, blood pressure; lDl-c, low-density lipoprotein cholesterol.
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normal BP level were more likely to meet the moderate 

alcohol consumption goal (P=0.0072).

Smoking cessation rate was not significantly changed 

(85.3 vs 89.0%). Male (P,0.0001), study participants with 

three or more visits (P=0.2305), those with more medica-

tions for hypercholesterolemia (P=0.0188), and those with 

a family history of CHD (P=0.0938) were less likely to 

quit smoking. Patients aged $65 years (P=0.0016), with 

more concomitant drugs used (P=0.0244) and with normal 

(P=0.0054) or prehypertension (P=0.0147) BP levels were 

more likely to quit smoking.

For dietary therapy, patients with three or more visits 

and those with “borderline high” were less adherent to the 

dietary therapy compared to those with two or less visits 

(P,0.0001) and those in the “very high” LDL-C category 

(P=0.0061), respectively. Those with more concomitant 

drugs used (P=0.0004) or DM (P,0.0001) were more 

adherent to dietary therapy.

Hence, while the study participants with both HTN and 

hypercholesterolemia showed a higher level of drug adher-

ence, adherence to lifestyle change was not significantly 

different after the study.

safety evaluation
One hundred sixteen (4.19%) participants who took Rovelito 

showed 155 AEs. The system organ class (SOC) with the 

highest number of AEs was nervous system disorders 

(45 study participants, 1.62%, 50 AEs). As per the preferred 

term (PT), dizziness had the highest occurrence with 25 

instances (24 study participants, 0.87%). Thirteen partici-

pants had 14 severe AEs (0.47%) and 19 AEs resulted in 

study dropout by 17 participants (0.61%).

Table 2 analysis of the factors related to the treatment failure for BP treatment goal

Rovelito®

(N=931)

OR for treatment 
failure (130/931)

95% CI P-valuea

sex (ref. female)    
Male 0.84 (0.55, 1.29) 0.4271

age 1.00 (0.98, 1.02) 0.6969

smoking (ref. no)
Yes 1.48 (0.78, 2.83) 0.2306

Family historyb (ref. no)
Yes 1.06 (0.37, 3.05) 0.9167

BMic (ref. ,25 kg/m2)
$25 kg/m2 1.66 (1.12, 2.46) 0.0111

number of concomitant drugs (ref. #2)
$3 1.37 (0.87, 2.17) 0.1761

Physical activity time (Minutes)d (ref. activity)
inactivity (,90 minutes) 0.87 (0.59, 1.29) 0.4947

no drinking and moderation in drinke (ref. no drinking)
achieving moderation in drink 0.64 (0.36, 1.13) 0.1235
Failing moderation in drink 0.61 (0.30, 1.24) 0.1722

Diabetes mellitus (ref. no)
Yes 1.22 (0.78, 1.91) 0.3937

Kidney disease (ref. no)
Yes 0.64 (0.27, 1.49) 0.3006

hTn severityf (normal)
Prehypertension 1.16 (0.62, 2.17) 0.6378
stage 1 hTn 2.38 (1.25, 4.53) 0.0084
stage 2 hTn 3.72 (1.58, 8.76) 0.0027

intercept 0.0019

Notes: aMultiple logistic regression. bFamily history of premature coronary artery disease (any occurrence of myocardial infarction or sudden death among same sex 
first-degree relatives: parent, siblings, etc [men <55 years old, women <65 years old]). cBMi = weight/(height [m])2. dPhysical activity time is defined amount of time in which 
exercise is performed .10 minutes and classified into two groups based on exercise duration (,90 minutes, $90 minutes). erecommendation criteria for moderation 
in drink (,30 g/day for men, 15 g/day for women). fClassification by JNC-7 guideline (normal: SBP ,120 mmhg and DBP ,80 mmhg, prehypertension: 120 mmhg # 
sBP ,140 mmhg or 80 mmhg # DBP ,90 mmhg, stage 1 hTn: 140 mmhg # sBP ,160 mmhg or 90 mmhg # DBP ,100 mmhg, stage 2 hTn: sBP $160 mmhg or 
DBP $100 mmhg).
Abbreviations: BMi, body mass index; hTn, hypertension; ref, reference.
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In addition, 31 participants (1.12%) showed 37 adverse 

drug reactions (ADR). The SOC with the highest number of 

ADRs was nervous system disorders (17 study participants, 

0.61%, 19 cases). As per the PT, dizziness had the highest 

occurrence with nine instances (nine study participants, 

0.32%). A serious adverse drug reaction to the medication 

(ie, aneurysm) occurred in one patient; however, no clear 

causal relationship between the drug and aneurysm was 

found (Table 5).

Discussion
Overall efficacy
In the clinical improvement evaluation group (n=931), BP and 

LDL-C goals were achieved in 801 (86.04%) and 797 (85.61%) 

patients, respectively, after 3 months of treatment with 

Rovelito, and 694 (74.54%) participants achieved both their 

BP and LDL-C treatment goals. Initially, regardless of baseline 

levels or control status, BP goal was set to ,140/90 mmHg 

and LDL-C goals were set according to the baseline cardio-

vascular risk profiles. A previous study evaluated the efficacy 

of an FDC of amlodipine and atorvastatin using similar BP 

and LDL-C goals and showed a goal achievement rate for BP, 

LDL-C, and both of 65.0%, 75.7%, and 57.7%, respectively, at 

12 weeks. Thus, the efficacy of Rovelito in our study appears 

comparable to that of an FDC of amlodipine and atorvastatin.16 

Nevertheless, the difference in the efficacy could be attributed 

to the characteristics of the study population. A large propor-

tion of the patients in our study had received medications for 

HTN and hypercholesterolemia before enrollment; ~88.7% 

participants had received antihypertensive drugs for HTN 

Table 3 analysis of the factors related to treatment failure for lDl-c treatment goal

Rovelito®

(N=931)

OR for treatment 
failure (134/931)

95% CI P-valuea

sex (ref. female)
Male 0.81 (0.52, 1.25) 0.3391

age 1.01 (0.99, 1.03) 0.1789

smoking (ref. no)
Yes 1.94 (1.01, 3.73) 0.0472

Family historyb (ref. no)
Yes 1.08 (0.33, 3.49) 0.8978

BMic (ref. ,25 kg/m2)
$25 kg/m2 0.87 (0.58, 1.30) 0.4987

number of concomitant drugs (ref. #2)
$3 1.72 (1.07, 2.76) 0.0244

Physical activity time (minutes)d (ref. activity)
inactivity (,90 minutes) 1.42 (0.94, 2.14) 0.0992

no drinking and moderation in drinke (ref. no drinking)
achieving moderation in drink 1.45 (0.87, 2.43) 0.1571
Failing moderation in drink 0.41 (0.17, 0.99) 0.0468

Diabetes mellitus (ref. no)
Yes 1.15 (0.72, 1.84) 0.5638

Kidney disease (ref. no)
Yes 0.88 (0.41, 1.87) 0.7329

severity of dyslipidemiaf (ref. optimal)
near optimal/above optimal 4.60 (2.76, 7.66) ,0.0001
Borderline high 4.17 (2.37, 7.32) ,0.0001
high 8.76 (4.41, 17.39) ,0.0001
Very high 11.13 (3.14, 39.52) 0.0002

intercept ,0.0001

Notes: aMultiple logistic regression. bFamily history of premature coronary artery disease (any occurrence of myocardial infarction or sudden death among same sex first-
degree relatives: parent, siblings, etc [men <55 years old, women <65 years old]). cBMi = weight/(height [m])2. dPhysical activity time is defined amount of time in which 
exercise is performed .10 minutes and classified into two groups based on exercise duration (,90 minutes, $90 minutes). erecommendation criteria for moderation 
in drink (,30 g/day for men, 15 g/day for women). fClassification by ATP III guideline (optimal: LDL-C ,100 mg/dl, near optimal/above optimal: 100 mg/dl # lDl-c 
,130 mg/dl, borderline high: 130 mg/dl # lDl-c ,160 mg/dl, high: 160 mg/dl # lDl-c ,190 mg/dl, very high: 190 mg/dl # lDl-c).
Abbreviations: BMi, body mass index; lDl-c, low-density lipoprotein-cholesterol.
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Table 4 analysis of the factors related to treatment failure for both BP and lDl-c treatment goal

Rovelito®

(N=931)

OR for treatment 
failure (237/931)

95% CI P-valuea

sex (ref. female)    
Male 0.78 (0.55, 1.10) 0.1578

age 1.01 (0.99, 1.02) 0.4469

smoking (ref. no)
Yes 1.81 (1.05, 3.09) 0.0311

Family historyb (ref. no)
Yes 0.86 (0.33, 2.21) 0.7488

BMic (ref. ,25 kg/m2)
$25 kg/m2 1.18 (0.86, 1.62) 0.2952

number of concomitant drug (ref. #2)
$3 1.77 (1.21, 2.58) 0.0031

Physical activity time (minutes)d (ref. activity)
inactivity (,90 minutes) 1.13 (0.82, 1.55) 0.4706

no drinking and moderation in drinke (ref. no drinking)
achieving moderation in drink 1.11 (0.72, 1.70) 0.6403
Failing moderation in drink 0.47 (0.25, 0.88) 0.0182

Diabetes mellitus (ref. no)
Yes 1.02 (0.70, 1.48) 0.9276

Kidney disease (ref. no)
Yes 0.64 (0.34, 1.22) 0.1772

severity of dyslipidemiaf (ref. optimal)
near optimal/above optimal 2.48 (1.70, 3.62) ,0.0001
Borderline high 1.73 (1.12, 2.67) 0.0138
high 2.60 (1.43, 4.72) 0.0017
Very high 4.72 (1.42, 15.74) 0.0116

hTn severityg (ref. normal)
Prehypertension 0.96 (0.60, 1.54) 0.8739
stage 1 hTn 1.71 (1.04, 2.81) 0.0340
stage 2 hTn 2.01 (0.97, 4.20) 0.0618

intercept   0.0001

Notes: aMultiple logistic regression. bFamily history of premature coronary artery disease (any occurrence of myocardial infarction or sudden death among same sex fist-
degree relatives: parent, siblings, etc [men <55 years old, women <65 years old]). cBMi = weight/(height [m])2. dPhysical activity time is defined amount of time in which 
exercise is performed .10 minutes and classified into two groups based on exercise duration (,90 minutes, $90 minutes). erecommendation criteria for moderation in 
drink (,30 g/day for men, 15 g/day for women). fClassification by ATP III Guideline (optimal: LDL-C ,100 mg/dl, near optimal/above optimal: 100 mg/dl # lDl-c ,130 mg/
dl, borderline high: 130 mg/dl # lDl-c ,160 mg/dl, high: 160 mg/dl # lDl-c ,190 mg/dl, very high: 190 mg/dl # lDl-c). gClassification by JNC-7 guideline (normal: 
sBP ,120 mmhg and DBP ,80 mmhg, prehypertension: 120 mmhg # sBP ,140 mmhg or 80 mmhg # DBP ,90 mmhg, stage 1 hTn: 140 mmhg # sBP ,160 mmhg 
or 90 mmhg # DBP ,100 mmhg, stage 2 hTn: sBP $160 mmhg or DBP $100 mmhg, 190 mg/dl # lDl-c).

Figure 3 changes in sBP (A) DBP (B) from baseline to 3 months according to BP treatment goal attainment.
Abbreviation: BP, blood pressure.
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and 86.25% of them received statins for hypercholesterolemia 

prior to enrollment. Furthermore, this study did not exclude 

participants who had controlled BP and LDL-C at baseline. 

Thus, the overall efficacy of the FDC drug in relation to the 

BP goal could be higher in our study than that in a previous 

study.16 Moreover, participants achieved both BP and LDL-C 

goals more frequently after 3 months of treatment with Rov-

elito. Previous studies excluded participants who achieved 

both BP and LDL-C goals at baseline; by contrast, our study 

did not. Therefore, a number of participants had switched 

from previous antihypertensive drugs or statins to Rovelito, 

showing that Rovelito may be effective in the switching as 

well as the naïve groups.

In addition, we analyzed the achievement rate of treat-

ment goals (for BP, LDL-C, and both BP and LDL-C) with 

each dose of Rovelito, but there were no significant differ-

ences among them (Table S2).

Factors related to efficacy
In our study, high baseline BP and high BMI were the factors 

for poor treatment success rate of the BP goal. Baseline 

LDL-C level, number of concomitant drugs, smoking, and 

alcohol consumption status were risk factors for poor treat-

ment success rate of the LDL-C goal. Smoking, alcohol 

consumption status, number of concomitant drugs, and high 

baseline LDL-C and BP levels were risk factors for poor 

treatment success rate of both BP and LDL-C goals.

Adherence and its influence on efficacy
Adherence to Rovelito was 97.90%±5.79%. In this study, 

the incidence rate of AEs was 4.19%, and one patient 

had a serious ADR (aneurysm); however, no death was 

reported. In our study, therapeutic lifestyle modification 

was not effective in the treatment of hypercholesterolemia 

and HTN. The means to enhance adherence to therapeutic 

lifestyle modification, such as exercise prescription, dietary 

prescription, and advice on quitting smoking and moderate 

alcohol consumption, did not have a significant relation-

ship with the achievement of treatment goals for HTN or 

hypercholesterolemia. The underlying reasons were that 

the study period was short and participants did not actively 

participate in therapeutic lifestyle modification. Although 

intensive lifestyle change was emphasized to patients with 

hypercholesterolemia and HTN, it may not have been per-

formed properly and a more systematic approach might 

be needed.

In addition, smoking (OR [95% CI]: 1.81 [1.05–3.09], 

P,0.05), $3 concomitant drugs (OR [95% CI]: 1.77 

[1.21–2.58], P,0.01), and high baseline LDL-C and BP 

Figure 4 change in lDl-c from baseline to 3 months according to lDl-c 
treatment goal attainment.
Abbreviation: lDl-c, low-density lipoprotein cholesterol.

Table 5 adverse drug reaction

 Rovelito® 
(N=2,770)

System organ class/preferred term No of subjectsa 
(%) [case]

subjects with adverse drug reaction 31 (1.12) [37]
Metabolism and nutrition disorders 1 (0.04) [1]

hyperkalemia 1 (0.04) [1]
nervous system disorders 17 (0.61) [19]

Dizziness 9 (0.32) [9]
headache 9 (0.32) [9]
Dysarthria 1 (0.04) [1]

cardiac disorders 1 (0.04) [1]
Palpitations 1 (0.04) [1]

Vascular disorders 2 (0.07) [2]
aneurysm 1 (0.04) [1]
hypertension 1 (0.04) [1]

gastrointestinal disorders 5 (0.18) [5]
gastrointestinal disorder 2 (0.07) [2]
abdominal pain 1 (0.04) [1]
Dyspepsia 1 (0.04) [1]
epigastric discomfort 1 (0.04) [1]

skin and subcutaneous tissue disorders 1 (0.04) [1]
Pruritus 1 (0.04) [1]

Musculoskeletal and connective tissue disorders 1 (0.04) [1]
Myalgia 1 (0.04) [1]

general disorders and administration site 
conditions

4 (0.14) [4]

chest discomfort 1 (0.04) [1]
chest pain 1 (0.04) [1]
Fatigue 1 (0.04) [1]
edema 1 (0.04) [1]

investigations 3 (0.11) [3]
Blood creatinine increased 1 (0.04) [1]
Blood pressure increased 1 (0.04) [1]
Blood triglycerides increased 1 (0.04) [1]

Notes: The drug adverse reactions refers to the cases which fall into one of 
the following: “certainly,” “probable/likely,” “possible,” “unlikely,” “conditional/
unclassified,” “unassessible/unclassifiable,” except for “unlikely” where the 
correlation with the study medicine can be dismissed. coded through the system 
organ class and preferred term of MedDra (version 19.1). aOverlapping participants 
acceptable.
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levels were factors for poor treatment success rates of both 

BP and LDL-C goals (Table 4). This could be attributed 

to the fact that patients with a comorbid disease, such as 

CVD and DM, need more medications. Thus, improving 

drug adherence rate and achieving target treatment goals 

may be difficult. In our study, participants who failed to 

achieve moderate alcohol consumption were significantly 

more likely to achieve LDL-C goals than those who did 

not consume alcohol (non-drinking). Previous studies 

showed that alcohol consumption increases HDL-C levels 

slightly and tends to decrease LDL-C levels.17 However, 

the effect of moderate alcohol consumption on LDL-C 

levels appears difficult to establish as the study period 

was short and our study was based on participants’ self-

filled questionnaires.

The BP-lowering effect of the combination drug (ie, anti-

hypertensive drugs and statins) in patients who were already 

on antihypertensive medications was not statistically signifi-

cant, whereas the LDL-C-lowering effect of the combination 

drug in patients on statins was statistically significant. Hence, 

this combination drug for HTN and hypercholesterolemia 

could also be an alternative drug to achieve LDL-C-lowering 

effects.

For hypercholesterolemia, there was a significant rela-

tionship between lower drug adherence rate and higher 

cardiovascular mortality and morbidity rates.18 In this study, 

adherence to Rovelito was high, which may be attributed to 

the fact that this was a prospective study.19 In addition, the 

short duration of the study (3 months) could have influenced 

the high compliance rate. Adherence to medications, accord-

ing to previous studies, could be affected by various factors, 

such as the CAD, age, and other baseline characteristics.20,21

Regression analysis showed that participants with DM 

had a significantly lower rate of compliance with Rovelito 

compared to participants without DM. In addition, FDCs 

enhance compliance compared to free drug combination 

regimens.10,22 Hence, we suggested that requirement of FDCs 

may be higher in patients with comorbidities or more serious 

underlying diseases than in patients with simple HTN or 

hypercholesterolemia.

Therapeutic lifestyle modifications, such as exercise, 

dietary therapy, abstinence, or quitting smoking, showed no 

significant difference after the study. For physical activities, 

80% cases had only consultation and recommendations; for 

dietary therapy, 82% received advice on dietary regimens. 

Based on these results, a more effective means of therapeutic 

lifestyle modification may be necessary.

limitations
This study has some limitations. This observational study 

included various comorbidities or concurrent medications. 

Thus, limitations exist to the analysis of study findings due 

to the inability to control concomitant medications for HTN 

and hypercholesterolemia. In addition, a large proportion 

of participants in this study received treatments for both 

diseases before enrollment, thereby affecting the analysis. 

The study duration was only 3 months, which was rather 

short for judging the study drug’s protective effects on the 

cardiovascular system. Previous open label, non-comparative 

studies that evaluated the efficacy and safety of an FDC of 

amlodipine and atorvastatin for the treatment of patients 

with HTN and hypercholesterolemia, were conducted for 

12–14 weeks.16,23 Furthermore, a previous placebo-controlled 

study showed that an FDC of irbesartan and atorvastatin pro-

vided effective, safe treatment to which patients with HTN 

and hypercholesterolemia showed good adherence, as the 

treatment duration was only 8 weeks.24 Therefore, we chose 

3 months of treatment according to previous studies. The 

open-label, non-comparative design was a potential limita-

tion; nonetheless, this study presents the effects of the study 

drug on both diseases in a real clinical setting. Furthermore, 

the only available observational study using an FDC of an 

anti-HTN drug and statin was the one using amlodipine and 

atorvastatin, which was the first observational study that 

used ARB and atorvastatin. Recent studies reported that 

RAS blockers are more effective in preventing CVD than 

calcium channel blockers, and among RAS blockers, ARB 

is more advantageous for Asians patients as it does not cause 

dry cough.13,14 In addition, irbesartan is extremely useful in 

preventing diabetic nephropathy. Considering these factors, 

Rovelito could be an extremely helpful drug for clinical 

practice as it prevents CVDs and improves drug compliance 

among Korean patients.

Conclusion
FDCs of ARBs and statins, such as Rovelito, could be 

extremely useful for the treatment of patients with both HTN 

and hypercholesterolemia as these can be comorbidities due 

to their mechanisms or epidemiology. Thus, using a single 

drug could enhance compliance. Therefore, our study’s find-

ings could be used for management of the aforementioned 

diseases and for enhancing the compliance and lifestyle modi-

fications of patients with HTN and hypercholesterolemia.

Moreover, the FDC of irbesartan and atorvastatin (Rov-

elito) is associated with the achievement of BP and LDL-C 
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goals and higher adherence. Poor metabolic profiles are risk 

factors for poor treatment success rate. Despite the 75% treat-

ment success rate for both HTN and hypercholesterolemia, 

therapeutic lifestyle modification should still be underscored 

in the treatment.
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Supplementary materials

Table S1 The name of all participating centers with institutional review boards, which provided approval

The name of participating center

The catholic University of Korea Bucheon st Mary’s hospital

The catholic University of Korea seoul st Mary’s hospital

The catholic University of Korea incheon st Mary’s hospital

Kyung hee University hospital at gangdong

Konkuk University Medical center

Konyang University hospital

Keimyung University Dongsan Medical center

Korea University curo hospital

Korea University anam hospital

national health insurance service ilsan hospital

Kim Keeyoung internal Medicine

Kim Yong internal Medicine

Dasom internal Medicine

Dankook University hospital

Daegu catholic University Medical center

Daegu Fatima hospital

Daejeon eulji Medical center, eulji University

Dongguk University ilsan hospital

Dong-a University hospital

Park Jaeseok internal Medicine

Back-cheon Pyeongan internal Medicine

Busan national University hospital

seoul national university Bundang hospital

Bundang Jesaeng hospital

samsung Medical center

seoul national University hospital

seoul Medical center

severance hospital

suncheon saint carollo hospital

Yang Jinseok internal medicine

Wonju severance christian hospital

Yeungnam University Medical center Yeongnam

Yeungnam University Medical center

Yeungnam University Medical center

Presbyterian Medical center

Ulsan University hospital

Yoon Family Medicine

inje University sanggye Paik hospital

inje University ilsan Paik hospital

chonnam national University hospital

chonbuk national University hospital

chosun University hospital

chung-ang University Medical center

Jinhwa neurosurgery clinic

chungnam national University hospital

chungbuk national University hospital

Tan-hyeon Yonsei clinic

han Daeseok internal Medicine

han Bitseong internal Medicine

hanyang University seoul hospital
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Table S2 The achievement rate of treatment goals (for BP, LDL-C, and both BP and LDL-C) stratified by each dose of Rovelito®

Control rate (%) Each dose of Rovelito (Irbesartan/Atorvastatin in mg, N=931) P-valuea

150/10 (n=722) 150/20 (n=145) 300/10 (n=54) 300/20 (n=10)

BP alone 86.01% (n=621) 86.21% (n=125) 87.04% (n=47) 80.00% (n=8) 0.9499

lDl-c alone 85.87% (n=620) 84.14% (n=122) 87.04% (n=47) 80.00% (n=8) 0.8872

Both BP and lDl-c 74.93% (n=541) 71.72% (n=104) 77.88% (n=42) 70.00% (n=7) 0.7841

Note: achi-squared test or Fisher’s exact test.
Abbreviations: BP, blood pressure; lDl-c, low-density lipoprotein-cholesterol.
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