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ABSTRACT 

Background: Individualized antihypertensive treatment based on specific 

biomarkers such as renin may lead to more effective blood pressure control in 

patients with newly diagnosed essential hypertension. Recent studies suggested 

that the plasma aldosterone-to-renin ratio (ARR) may also be a candidate 

predictor for this purpose. 

Objective: To assess whether the ARR is associated with the blood pressure 

response to antihypertensive treatment in patients with newly diagnosed 

hypertension. 

Methods: In this prospective cohort study in primary care, we determined the 

ARR in patients with newly diagnosed hypertension prior to starting treatment. 

Treatment was categorized in five groups: no medication, use of angiotensin-

converting-enzyme inhibitor or angiotensin receptor blocker, use of calcium 

channel blocker, use of diuretic, or use of beta blocker. We examined the 

relation between the ARR and blood pressure response within 1 year of 

treatment, taking into account the type of antihypertensive treatment and 

adjusting for gender, age, baseline blood pressure, and comorbidity. 

Results: Out of 304 patients, we used 947 measurements (727 no medication, 

220 medication) for analysis. There was no association between the ARR and 

the response in blood pressure, and this applied to each treatment group. Target 
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blood pressure, defined as systolic blood pressure <140 mmHg, was reached in 

31% of patients. There was no association between the ARR and reaching target 

blood pressure (OR 1.002, 95% CI 0.983–1.022). 

Conclusion: The ARR is not associated with the response in blood pressure 

within 1 year of antihypertensive treatment in primary care.  

INTRODUCTION 

Despite a wide variety of treatment options, target blood pressure is not reached in 

many patients with hypertension (1–3). This can be explained by various factors such 

as poor therapy adherence, secondary hypertension, comorbidity, and biological 

factors. Although numerous studies have demonstrated that all classes of 

antihypertensive drugs are similarly effective in reducing blood pressure (4,5), it is 

also known that subgroups of patients respond better to specific classes of 

antihypertensive treatment. For example, in young hypertensive patients blood 

pressure is better controlled with an angiotensin-converting-enzyme inhibitor (ACE-

I), angiotensin receptor blocker (ARB) or a beta blocker (6,7), and in black patients 

with hypertension blood pressure response is superior to a calcium channel blocker 

(CCB) or a diuretic (8). It is plausible to assume that personalized treatment guided 

by specific individual characteristics or biomarkers may lead to more effective blood 

pressure reduction (9,10). 

Of the studies that assessed biomarkers, several studies focussed on treatment guided 

by the activity of the renin–angiotensin–aldosterone system. In particular, renin has 

been studied as a biomarker to guide antihypertensive treatment. Patients with low 

renin levels were considered as having a high (intravascular) volume hypertension 

and therefore proposed to be candidates for diuretic treatment, while patients with 

high renin levels were considered more sensitive for treatment with a renin-lowering 

betablocker (11,12). 

The plasma aldosterone-to-renin ratio (ARR) reflects the level of aldosterone 

secretion in relation to renin secretion. The ARR is predominantly used as a 

screening test for primary aldosteronism, the most frequent cause of secondary 

hypertension (13,14). The prevalence of primary aldosteronism is estimated to be 2–

5% in primary care, but this varies between studies due to differences in diagnostic 

methods (15,16). Apart from primary aldosteronism some patients with essential 

hypertension may also display high ARR levels, although still in the normal range 

(17). Patients with a high ARR display an inappropriate high level of aldosterone in 

relation to renin. From the pathophysiological point of view, the high blood pressure 

in patients with a high ARR is considered to be due to an increased renal retention of 

sodium and water. Therefore, these patients may be particularly sensitive for 

treatment with diuretics and mineralocorticoid receptor antagonists (18). However, it 

is unclear whether or not the ARR can be used as a patient-specific biomarker in 

patients with newly diagnosed essential hypertension to predict the response to 

antihypertensive treatment. 

For several reasons, it would be very helpful if an easy to use and cheap test would 

be available to predict blood pressure response to antihypertensive treatment. First, 

such a test, if effective, could markedly contribute to a more rapid optimization of 

antihypertensive treatment. Second, it could lead to less side-effects as not all drugs 

would need to be tried. Finally, such an approach might result in lower health care 
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costs as patients achieve the target blood pressure more rapidly, thus reducing the 

associated hypertensive complications. 

In this primary care observational study, we measured the ARR in patients with 

newly diagnosed hypertension prior to starting antihypertensive treatment. Our 

primary objective was to assess whether the ARR is associated with the blood 

pressure response in patients after a maximum of 1 year of treatment, and whether 

this association varied over the main specific classes of antihypertensive medication 

used in primary care (ACE-inhibitors, ARBs, beta blockers, CCBs, thiazide 

diuretics). Our secondary objective was to study the association between baseline 

ARR level and the number of patients that achieved a target systolic blood pressure 

of <140 mmHg within 1 year of treatment. 

METHODS 

Study setting and study population 

In this prospective cohort study, we recruited patients from 55 primary care centres 

in the Nijmegen region in the Netherlands from August 1st 2013 to December 31st 

2015. We included all patients over 18 years with newly diagnosed never treated 

hypertension. In the context of a previous study on the prevalence of primary 

aldosteronism, the participating patients had a measurement of plasma aldosterone 

and renin before starting antihypertensive treatment. This study is described in detail 

elsewhere (15). All patients had an office blood pressure measurement at baseline, at 

least 2 weeks of antihypertensive treatment, and at least one visit with office blood 

pressure measurement within 12 months of follow-up. For generalizability of the 

study results to patients with essential hypertension, patients with primary 

aldosteronism were excluded from this patient cohort as they require specific therapy 

according to the Endocrine Society guideline (19). Other exclusion criteria were: 

hypertensive crisis, heart failure classes II–IV (according to the New York Heart 

Association), estimated glomerular filtration rate of <45 ml/min/1.73m2, pregnancy, 

breast feeding, diabetes mellitus, and severe comorbidity (defined as seriously 

interfering with diagnostics or therapy). All patients were on a liberal salt diet. 

This study was approved by the Ethics Committee of the Radboud University 

Medical Center and all patients gave informed consent. All general practitioners 

(GPs) approved extraction of their Electronic Health Records (EHRs) by written 

permission and informed their patients. Patients were given the opportunity to 

decline the use of their de-identified data. This method complies with the Code of 

Conduct for Health Research which has been approved by the Data Protection 

Authorities in conformity with the applicable Dutch privacy legislation. Reporting of 

this study is in concordance with the STrengthening the Reporting of OBservational 

studies in Epidemiology (STROBE) statement (20). 

Procedures 

Hypertension was defined according to the guideline of the European Society of 

Hypertension (1). In brief, hypertension was diagnosed if average office blood 

pressure of at least two blood pressure measurements per day was ≥140/90 mmHg on 

two or more different visits within 6 months. 

In the period from August 1st 2013 to December 14th 2014, plasma aldosterone was 

measured using the Coat-A-Count aldosterone radioimmunoassay (RIA) from 

Siemens Medical Solutions Diagnostics (Unites States of America). From December 
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15th 2014 to December 31st 2015, plasma aldosterone was measured by the Active 

Aldosterone RIA kit from Beckman Coulter (Czech Republic). Plasma renin 

concentration was measured using the DSL-25100 active renin immunoradiometric 

assay (IRMA) from Diagnostic Systems Laboratories (United States of America). 

Data collection and processing 

We extracted data from the EHRs of the participating centres. The dataset included 

demographics, clinical characteristics, biochemical test results and prescribed 

medications. As in this study secondary analyses were performed, we refer to the 

parent study for the sample size calculation, and a full overview of the extraction 

process (15). In brief, patients were included if they had: (i) an International 

Classification of Primary Care (ICPC) (21) code hypertension (K86 or K87) between 

August 1st 2013 and December 31st 2015, or (ii) when an ICPC code was not 

available, if they had had two visits to their general practice documenting elevated 

blood pressure values as described in ‘Procedures’. For each included patient, we 

extracted all office blood pressure values at baseline (i.e. the date of diagnosis of 

hypertension), and those obtained during 1 year after the initial diagnosis. 

Antihypertensive treatment was initiated by the GP, and comprised the use of an 

antihypertensive agent in combination with lifestyle advice according to the 

guideline. Blood pressure measurements were categorized in five treatment groups, 

in which each blood pressure measurement and the corresponding antihypertensive 

treatment was set. Because treatment could change over time, patients could change 

from treatment categories throughout the observation period and thus contribute to 

the analysis of more than one antihypertensive treatment. For the follow-up, we 

excluded blood pressure values that were measured within less than 2 weeks prior to 

the start or change of an antihypertensive agent, because we considered a time lapse 

of less than 14 days too short to achieve a maximal antihypertensive effect (1).  

Medication was encoded using the Anatomical Therapeutic Chemical (ATC) 

classification system: (i) angiotensin-converting-enzyme inhibitor or angiotensin 

receptor blocker, (ii) CCB, (iii) diuretic, or (iv) beta blocker (Supplementary Table 

1). Blood pressure measurements without an ATC code were set in the ‘no 

medication’ group. 

Data analysis 

We used the statistical package IBM SPSS Statistics version 22.0 to analyse the data. 

In case of normally distributed data, mean and SD were given. In case of skewed 

distribution, we calculated median and interquartile ranges. Next to patient level 

analyses, we analysed a dataset using all blood pressure measurements for each 

patient during follow-up. Relevant differences in baseline characteristics have been 

described. For the outcome variable delta systolic blood pressure, the mean 

differences with its 95% confidence interval (95% CI) between the medication 

group(s) and the no medication group is presented. Because of the hierarchical 

structure of our study (repeated blood pressure measurements nested within patients), 

we performed multilevel analyses for the ARR and the blood pressure response. 

Statistical significance level was set at two-tailed P-value <0.05. 

To assess if the ARR was associated with the response in blood pressure in relation 

to antihypertensive treatment, we used a multivariate multilevel linear regression 

analysis adjusted for gender, age, baseline systolic blood pressure and comorbidity 

entered into the random intercept model (22). The interaction term (treatment group 
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by ARR) tests the difference in the association between the ARR and the response in 

systolic blood pressure for the five groups. The response in systolic blood pressure is 

defined as the baseline minus the follow-up systolic blood pressure measurement. 

We performed a sensitivity analysis to be able to compare our results with other 

literature, using logarithmic scale of ARR in relation with blood pressure decline 

(23). 

To assess the association between the ARR and the number of patients on target 

blood pressure after 1 year of treatment, we used logistic regression analysis. Patients 

had reached target blood pressure if their last blood pressure measurement within 12 

months from baseline was <140/90 mmHg. 

RESULTS 

Of the initial 361 patients in whom an ARR was available, 57 patients had to be 

excluded from the analyses for the following reasons: (i) missing baseline or follow-

up blood pressure measurements (n = 45), (ii) only blood pressure measurements 

during the use of multiple agents (n = 3) or (iii) a diagnosis of primary aldosteronism 

(n = 9). Consequently, 304 patients with a total of 947 blood pressure measurements 

were used for the analysis. Baseline characteristics were comparable between 

included (n = 304) and excluded patients (n = 57; Supplementary Table 2). The 

majority of patients had an ICPC code for hypertension (n = 210; 69.1%). Median 

number of blood pressure measurements per patient after baseline was two 

(interquartile range 1–4 measurements), with a range of 1–10 measurements. During 

the follow-up period, 110 patients (36.2%) used antihypertensive medication and 194 

did not. Figure 1 presents a flow diagram of the included patients in relation to blood 

pressure measurements. Table 1 shows patients characteristics for the medication and 

no medication group on patient level. 

 [TABLE 1] [FIGURE 1]  

The number of blood pressure measurements for the medication and no medication 

group are shown in Table 2. Baseline characteristics between both groups were 

comparable. For delta systolic blood pressure, there was a clinically relevant 

difference between the groups of −13.0 mmHg (95% CI −15.5 to −10.5). 

Table 3 shows the baseline characteristics of each of the five groups. Prescribed 

medication (n = 220) consisted of 37.3% ACE-inhibitors or ARBs, 21.4% CCBs, 

33.6% diuretics, and 7.7% of beta blockers. In the ‘ACE-I or ARB’ group more 

blood pressure measurements were available in males than in females, patients with 

blood pressure measurements in the diuretic group were slightly older, patients who 

receive CCBs had a higher aldosterone, patients who receive beta blockers had a 

higher renin, patients in the CCBs groups had a higher ARR, and baseline systolic 

blood pressure was comparable between all groups. Within each treatment group, 

systolic blood pressure showed a significant decline. Mean differences of response 

for each medication group compared to the no medication group (reference) are 

−16.4 (95% CI −21.3 to −11.6) for the CCB group, −15.2 (95% CI −18.9 to −11.4) 

for the ACE-I or ARB group, −9.7 (95% CI −17.6 to −1.7) for the beta blocker 

group, and −9.3 mmHg (95% CI −13.3 to −5.3) for the diuretic group. 
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[TABLE 2][TABLE 3] 

Multivariate multilevel linear regression analysis showed no association between the 

ARR and the blood pressure response within 1 year of treatment in the total group 

(regression coefficient 0.050, (95% CI −0.009 to 0.110), Table 4). There was no 

association between the ARR and the blood pressure response for the medication and 

no medication group (Table 4), but there was a significant difference in starting value 

of blood pressure response (i.e. a significant difference in intercept, P <0.001; Figure 

2, Supplementary Tables 3 and 4). Subgroup analysis showed no significant 

association of the ARR and the response in blood pressure within each of the groups 

(Table 4). The interaction term between the ARR and the five treatment groups was 

non-significant (P = 0.77) with a significant intercept (P < 0.001, Figure 2, 

Supplementary Tables 5 and 6). 

[FIGURE 2. ] 

In our sensitivity analysis, we found no correlation between log ARR and the 

response in blood pressure for all groups (P = 0.61). 

During the last blood pressure measurement, 87 patients used antihypertensive 

medication (35 ACE-I or ARB, 14 CCB, 28 diuretic and 10 beta blocker). Of these 

patients target systolic blood pressure was reached in 27 patients (31%). There was 

no association between ARR and the number of patients reaching target blood 

pressure (odds ratio 1.002, 95% CI 0.983–1.022). 

DISCUSSION 

Summary 

In this study, we found no significant association between the ARR and the response 

in systolic blood pressure for the total medication group nor for the subgroups of 

antihypertensive agents after 1 year of treatment. Therefore, the ARR has no 

predictive value for the response in blood pressure to antihypertensive treatment in 

this primary care patient group. In patients that used antihypertensive agents target 

blood pressure was reached in 31% within 1 year after the initial diagnosis. 

Strengths and limitations 

A strong aspect of our study is the study setting of primary care as in many countries 

treatment of hypertension is started and monitored in primary care (24,25). 

Moreover, all included patients had not previously been treated with antihypertensive 

drugs at the time of aldosterone and renin measurement, which eliminates any 

confounding effects of these drugs on the ARR (19). Finally, we set relevant 

exclusion criteria by excluding groups which might confound the results and 

interpretation of the ARR, e.g. patients with diabetes. 

As we included only patients with newly diagnosed hypertension and guidelines 

recommend to start lifestyle advice in newly diagnosed patients, the size of our study 

is limited to the medication groups. Since we did not include patients who needed 

referral to the hospital we did not have follow-up measurements of blood pressure in 

the primary care setting for these patients. Finally, 68 patients (22.4%) with less than 

1 year follow-up were included, because they were included in the last phase of our 

inclusion period. 
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Comparison with existing literature 

Previous studies have suggested that hypertensive patients with a high ARR respond 

favourably to spironolactone (26). Parthasarathy et al. studied the antihypertensive 

response of spironolactone compared to bendroflumethiazide in two groups of 

antihypertensive patients, one with high and one with low ARR, and found no 

predictive effect of the ARR. However, patients with high ARR were not tested for 

primary aldosteronism, and participants were not newly diagnosed hypertensive 

patients (27,28). Prisant et al. performed an ad hoc analysis in which baseline ARR 

levels did not predict the antihypertensive response to eplerenone in combination 

with an ACE-I or ARB (29). Mahmud et al. (23) examined the effect of 

spironolactone on 30 hypertensive never treated patients, and found a significant 

correlation between the log ARR and the decline in blood pressure. All studies so far 

are uncontrolled and performed in a small number of patients. It is therefore not 

possible to draw conclusions on the value of the ARR in relation to the blood 

pressure response when mineralocorticoid receptor antagonists are used as 

monotherapy in essential hypertension. In our sensitivity analysis, we transformed 

the ARR in log ARR, but results remained non-significant. It should be noted that in 

our study not one patient was treated by mineralocorticoid antagonists, because in the 

Netherlands mineralocorticoid receptor antagonists are not used in primary practice 

for monotherapy in essential hypertension (30). As we provided no instructions about 

the use of specific antihypertensive agents, our study reflects daily clinical practice. 

Several large scale studies have promulgated the beneficial effects of thiazide 

diuretics in essential hypertension. Although a Cochrane review concluded that 

achieving target blood pressure is only partly responsible for the risk reduction of 

antihypertensive treatment, no inferences can be made about the association of the 

blood pressure lowering effect and the height of the ARR (31). In our study, the 

antihypertensive effect of diuretics was similar over the entire range of ARRs (Figure 

2). 

Although lifestyle advice is recommended by the guideline for each patient with 

hypertension we were not able to monitor this from the EHR data, however the 

decline in blood pressure in the no medication group could have been the result of 

this (32,33). 

Implications for research and practice 

This explorative study in primary care does not provide evidence that a simple and 

cheap test like the ARR is helpful in predicting whether and which antihypertensive 

treatment in primary care is effective. In our study, no patients were treated with a 

mineralocorticoid receptor antagonist such as spironolactone, although previous 

studies have shown that a high ARR does predict a favourable blood pressure 

response to this drug (23,26–28). Overall, these results cast doubt on the value of the 

ARR as a therapeutic marker (34). However, the ARR remains useful as a diagnostic 

marker for primary aldosteronism in hypertensive patients (13,19). 
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TABLES 

 

Table 1. 

Baseline characteristics of included patients with newly diagnosed hypertension (1 

August 2013 to 31 December 2015) 

Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

Demographics  

 Male, n 

(%)  
304/194/110  

154 

(50.7)  
99 (51.0)  55 (50.0)  

 Age 

(years)  
304/194/110  

53.4 ± 

11.4  
52.8 ± 11.3  54.6 ± 11.7  

BMI 

(kg/m2), n 

(%)  

205/134/71        

 ≤25    
44 

(21.5)  
32 (23.9)  12 (16.9)  

 >25–≤30    
93 

(45.4)  
61 (45.5)  32 (45.1)  

 >30    
68 

(33.2)  
41 (30.6)  27 (38.0)  

Smoking 149/102/47        
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Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

status, n 

(%)  

 Current    
34 

(22.8)  
23 (22.5)  11 (23.4)  

 Former    
53 

(35.6)  
35 (34.3)  18 (38.3)  

 Never    
62 

(41.6)  
44 (43.1)  18 (38.3)  

Blood pressure  

 Systolic 

BP (mmHg)  
304/194/110  

163.8 ± 

13.1  

162.4 ± 

12.2  

166.4 ± 

14.3  

 Diastolic 

BP (mmHg)  
301/192/109  

96.3 ± 

9.6  
96.0 ± 9.6  96.8 ± 9.8  

 Heart rate 

(beats/min)  
181/113/68  

75.3 ± 

12.7  
73.5 ± 12.7  78.3 ± 12.0  

Biochemical parameters  

 Serum 

potassium 

(mmol/l)  

302/193/109  
4.43 ± 

0.34  
4.42 ± 0.34  4.44 ± 0.35  

 Serum 

sodium 

(mmol/l)  

302/193/109  
141.8 ± 

1.99  
141.8 ± 1.9  141.7 ± 2.1  

 Serum 

creatinine 

(μmol/l)  

302/193/109  
78.8 ± 

14.4  
79.5 ± 14.3  77.5 ± 14.6  
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Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

 

Aldosterone 

(pmol/l)a  

304/194/110  

345.5 

(214.8–

460.0)  

337.5 

(200.5–

485.5)  

346.5 

(233.5–

440.3)  

 Renin 

(pmol/l)a  
304/194/110  

0.77 

(0.58–

1.31)  

0.75 (0.58–

1.26)  

0.86 (0.59–

1.43)  

 ARR 

(pmol/mU)a  
304/194/110  

25.2 

(14.2–

45.2)  

25.2 (14.2–

49.7)  

25.5 (13.8–

41.7)  

 Serum 

glucose 

(mmol/l)  

279/180/99  
5.4 ± 

0.9  
5.3 ± 0.8  5.5 ± 1.2  

Cardiovascular morbidity  

 Atrial 

fibrillation, 

n (%)  

304/194/110  2 (0.7)  1 (0.5)  1 (0.9)  

 OSAS, n 

(%)  
304/194/110  4 (1.3)  3 (1.5)  1 (0.9)  

 MI, n 

(%)  
304/194/110  2 (0.7)  1 (0.5)  1 (0.9)  

 Stroke, n 

(%)  
304/194/110  1 (0.3)  0  1 (0.9)  

Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

Demographics  
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Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

 Male, n 

(%)  
304/194/110  

154 

(50.7)  
99 (51.0)  55 (50.0)  

 Age 

(years)  
304/194/110  

53.4 ± 

11.4  
52.8 ± 11.3  54.6 ± 11.7  

BMI 

(kg/m2), n 

(%)  

205/134/71        

 ≤25    
44 

(21.5)  
32 (23.9)  12 (16.9)  

 >25–≤30    
93 

(45.4)  
61 (45.5)  32 (45.1)  

 >30    
68 

(33.2)  
41 (30.6)  27 (38.0)  

Smoking 

status, n 

(%)  

149/102/47        

 Current    
34 

(22.8)  
23 (22.5)  11 (23.4)  

 Former    
53 

(35.6)  
35 (34.3)  18 (38.3)  

 Never    
62 

(41.6)  
44 (43.1)  18 (38.3)  

Blood pressure  

 Systolic 

BP (mmHg)  
304/194/110  

163.8 ± 

13.1  

162.4 ± 

12.2  

166.4 ± 

14.3  
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Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

 Diastolic 

BP (mmHg)  
301/192/109  

96.3 ± 

9.6  
96.0 ± 9.6  96.8 ± 9.8  

 Heart rate 

(beats/min)  
181/113/68  

75.3 ± 

12.7  
73.5 ± 12.7  78.3 ± 12.0  

Biochemical parameters  

 Serum 

potassium 

(mmol/l)  

302/193/109  
4.43 ± 

0.34  
4.42 ± 0.34  4.44 ± 0.35  

 Serum 

sodium 

(mmol/l)  

302/193/109  
141.8 ± 

1.99  
141.8 ± 1.9  141.7 ± 2.1  

 Serum 

creatinine 

(μmol/l)  

302/193/109  
78.8 ± 

14.4  
79.5 ± 14.3  77.5 ± 14.6  

 

Aldosterone 

(pmol/l)a  

304/194/110  

345.5 

(214.8–

460.0)  

337.5 

(200.5–

485.5)  

346.5 

(233.5–

440.3)  

 Renin 

(pmol/l)a  
304/194/110  

0.77 

(0.58–

1.31)  

0.75 (0.58–

1.26)  

0.86 (0.59–

1.43)  

 ARR 

(pmol/mU)a  
304/194/110  

25.2 

(14.2–

45.2)  

25.2 (14.2–

49.7)  

25.5 (13.8–

41.7)  

 Serum 

glucose 

(mmol/l)  

279/180/99  
5.4 ± 

0.9  
5.3 ± 0.8  5.5 ± 1.2  

Cardiovascular morbidity  
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Variable  

Patients with available 

data (total/no 

medication/medication)  

Total 

(n = 

304)  

No 

medication 

(n = 194)  

Medication 

(n = 110)  

 Atrial 

fibrillation, 

n (%)  

304/194/110  2 (0.7)  1 (0.5)  1 (0.9)  

 OSAS, n 

(%)  
304/194/110  4 (1.3)  3 (1.5)  1 (0.9)  

 MI, n 

(%)  
304/194/110  2 (0.7)  1 (0.5)  1 (0.9)  

 Stroke, n 

(%)  
304/194/110  1 (0.3)  0  1 (0.9)  

Data are presented as mean ± standard deviation, unless stated otherwise. ARR, 

aldosterone-to-renin ratio; BP, office blood pressure; BMI, body mass index; MI, 

myocardial infarction; OSAS, obstructive sleep apnea syndrome. 

aMedian (interquartile range). 

Table 2. 

Baseline characteristics of all blood pressure measurements and response in systolic 

blood pressure for the medication and the no medication group (1 August 2013 to 31 

December 2015) 

  All medication (n = 220)  
No medication 

(n = 727)  

Male, n (%)  117 (53.2)  359 (49.4)  

Age  55.3 ± 11.6  53.3 ± 11.7  

Aldosteronea  362.0 (241.3–441.0)  359.0 (231.0–475.0)  

Renina  0.86 (0.61–1.33)  0.77 (0.58–1.29)  
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  All medication (n = 220)  
No medication 

(n = 727)  

ARRa  27.2 (13.5–44.3)  27.0 (14.5–46.7)  

Baseline SBP  166.3 ± 13.9  164.0 ± 13.3  

Delta SBPb  −18.3 ± 18.4  −5.3 ± 16.0  

  All medication (n = 220)  
No medication 

(n = 727)  

Male, n (%)  117 (53.2)  359 (49.4)  

Age  55.3 ± 11.6  53.3 ± 11.7  

Aldosteronea  362.0 (241.3–441.0)  359.0 (231.0–475.0)  

Renina  0.86 (0.61–1.33)  0.77 (0.58–1.29)  

ARRa  27.2 (13.5–44.3)  27.0 (14.5–46.7)  

Baseline SBP  166.3 ± 13.9  164.0 ± 13.3  

Delta SBPb  −18.3 ± 18.4  −5.3 ± 16.0  

Data are presented as mean ± standard deviation, unless stated otherwise. ARR, 

aldosterone-to-renin ratio. SBP, systolic blood pressure. 

aMedian (interquartile range). 

bDelta SBP: the response in systolic blood pressure, defined as the baseline systolic 

blood pressure minus the follow-up systolic blood pressure.  

 

Table 3. 

Baseline characteristics of all blood pressure measurements and response in blood 

pressure for the different classes of antihypertensive agents and the no medication 

group (1 August 2013 to 31 December 2015) 
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Medication  

ACE-I or 

ARB 

(na = 82)  

CCB 

(na = 47)  

Diuretics 

(na = 74)  

BB 

(na = 17)  

No 

medication 

(na = 727)  

Male, n (%)  62 (75.6)  19 (40.4)  28 (37.8)  8 (47.1)  359 (49.4)  

Age  
54.2 ± 

11.7  

52.7 ± 

10.6  

59.3 ± 

10.6  

50.0 ± 

13.7  
53.3 ± 11.7  

Aldosteroneb  

345.0 

(262.3–

443.8)  

415.0 

(359.0–

482.0)  

314.0 

(212.3–

437.8)  

363.0 

(250.0–

551.0)  

359.0 

(231.0–

475.0)  

Reninb  
1.1 (0.6–

2.0)  

0.7 (0.6–

1.2)  

0.8 (0.6–

1.0)  

1.8 (0.8–

3.1)  

0.8 (0.6–

1.3)  

ARRb  

18.2 

(11.9–

39.7)  

41.7 

(27.7–

51.6)  

30.9 (13.9–

41.7)  

17.0 

(8.1–

24.8)  

27.0 (14.5–

46.7)  

Baseline 

SBP  

166.9 ± 

13.3  

170.1 ± 

17.7  

164.3 ± 

9.4  

161.4 ± 

19.2  
164.0 ± 13.3  

Delta SBPc  
−20.5 ± 

17.0  

−21.7 ± 

23.3  

−14.6 ± 

15.6  

−15.0 ± 

19.0  
−5.3 ± 16.0  

Medication  

ACE-I or 

ARB 

(na = 82)  

CCB 

(na = 47)  

Diuretics 

(na = 74)  

BB 

(na = 17)  

No 

medication 

(na = 727)  

Male, n (%)  62 (75.6)  19 (40.4)  28 (37.8)  8 (47.1)  359 (49.4)  

Age  
54.2 ± 

11.7  

52.7 ± 

10.6  

59.3 ± 

10.6  

50.0 ± 

13.7  
53.3 ± 11.7  

Aldosteroneb  

345.0 

(262.3–

443.8)  

415.0 

(359.0–

482.0)  

314.0 

(212.3–

437.8)  

363.0 

(250.0–

551.0)  

359.0 

(231.0–

475.0)  

Reninb  
1.1 (0.6–

2.0)  

0.7 (0.6–

1.2)  

0.8 (0.6–

1.0)  

1.8 (0.8–

3.1)  

0.8 (0.6–

1.3)  
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Medication  

ACE-I or 

ARB 

(na = 82)  

CCB 

(na = 47)  

Diuretics 

(na = 74)  

BB 

(na = 17)  

No 

medication 

(na = 727)  

ARRb  

18.2 

(11.9–

39.7)  

41.7 

(27.7–

51.6)  

30.9 (13.9–

41.7)  

17.0 

(8.1–

24.8)  

27.0 (14.5–

46.7)  

Baseline 

SBP  

166.9 ± 

13.3  

170.1 ± 

17.7  

164.3 ± 

9.4  

161.4 ± 

19.2  
164.0 ± 13.3  

Delta SBPc  
−20.5 ± 

17.0  

−21.7 ± 

23.3  

−14.6 ± 

15.6  

−15.0 ± 

19.0  
−5.3 ± 16.0  

Data are presented as mean ± standard deviation, unless stated otherwise. ACE-I, 

angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; ARR, 

aldosterone-to-renin ratio; BB, beta blocker; CCB, calcium channel blocker; SBP, 

systolic blood pressure. 

aNumber of systolic blood pressure measurements. 

bMedian (interquartile range). 

cDelta SBP: the response in systolic blood pressure, defined as the baseline systolic 

blood pressure minus the follow-up systolic blood pressure. 

Table 4. 

Multivariate multilevel linear regression analysis of the aldosterone-to-renin ratio 

and response in blood pressure  

  

Blood pressure responsea 

(n = 947) 

ßb (95% confidence interval)  

ARR  0.050 (−0.009 to 0.110)  

ARR  
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Blood pressure responsea 

(n = 947) 

ßb (95% confidence interval)  

 All medication  0.048 (−0.044 to 0.139)  

 No medication  0.047 (−0.014 to 0.108)  

ARR    

 ACE-I or ARB  0.110 (−0.019 to 0.239)  

 CCB  0.010 (−0.186 to 0.206)  

 Diuretic  −0.005 (−0.155 to 0.145)  

 Beta blocker  0.155 (−0.480 to 0.789)  

 No medication  0.049 (−0.012 to 0.110)  

  

Blood pressure responsea 

(n = 947) 

ßb (95% confidence interval)  

ARR  0.050 (−0.009 to 0.110)  

ARR  

 All medication  0.048 (−0.044 to 0.139)  

 No medication  0.047 (−0.014 to 0.108)  

ARR    

 ACE-I or ARB  0.110 (−0.019 to 0.239)  

 CCB  0.010 (−0.186 to 0.206)  

 Diuretic  −0.005 (−0.155 to 0.145)  

 Beta blocker  0.155 (−0.480 to 0.789)  
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Blood pressure responsea 

(n = 947) 

ßb (95% confidence interval)  

 No medication  0.049 (−0.012 to 0.110)  

ACE-I, angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor 

blocker; ARR, aldosterone-to-renin ratio; BB, beta blocker; CCB, calcium channel 

blocker; ß, regression coefficient. 

aBlood pressure response in systolic blood pressure, defined as the baseline minus the 

follow-up systolic blood pressure measurement. 

bAdjusted for age, gender and baseline blood pressure. 
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