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ABSTRACT 30 

Background: Resistant hypertension is characterized by elevated blood pressure 31 

(BP) despite using three antihypertensive agents. Ambulatory blood pressure 32 

monitoring (ABPM) detects the presence of white-coat resistant hypertension (24-hour 33 

BP < 130/80 mmHg). The aim of the study was to evaluate risks of death in resistant 34 

hypertension as compared to controlled hypertension, as well as in ABPM-confirmed 35 

(24-hour BP ≥130 and/or 80 mmHg), versus white-coat resistant hypertension.  36 

Methods: We selected 8146 patients with controlled hypertension (office blood 37 

pressure < 140/90 mmHg while treated with ≤3 antihypertensive drugs), and 8577 with 38 

resistant hypertension (blood pressure ≥ 140 or ≥ 90 mmHg while treated with ≥3 39 

drugs). All-cause and cardiovascular mortality (median follow-up 9.7 years) were 40 

compared between groups as well as between patients with white-coat (3289) and 41 

ABPM-confirmed (5288) resistant hypertension. Hazard ratios from Cox models after 42 

adjustment for clinical confounders were used for comparisons.  43 

Results: Compared to controlled hypertension, resistant hypertension was 44 

associated with an increased risk in all-cause (hazard ratio: 1.21; 95% CI: 1.12-1.30) 45 

and cardiovascular mortality (1.33; 1.17-1.51) in confounder-adjusted models. 46 

Compared to white-coat, ABPM-confirmed resistant hypertension was associated with 47 

an increased risk of all-cause (1.45; 1.32-1.60) and cardiovascular (1.68; 1.43-1.98) 48 

mortality. When ABPM-confirmed and white-coat resistant hypertension were 49 

separately compared with controlled hypertension, only the former was associated with 50 

an increased risk of death and cardiovascular death (1.36; 1.26-1.48, and 1.56; 1.36-51 

1.79), respectively. 52 
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Conclusion: ABPM-confirmed resistant hypertension is associated with an 53 

increased risk of death and cardiovascular death with respect to both controlled 54 

hypertension and white-coat resistant hypertension.  55 

 56 

Keywords: ambulatory blood pressure monitoring, blood pressure, mortality, 57 

resistant hypertension, white-coat resistant hypertension 58 
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Nonstandard Abbreviations and Acronyms 60 

ABPM: ambulatory blood pressure monitoring 61 

ALLHAT: Antihypertensive and Lipi-Lowering Treatment to Prevent Heart 62 

Attack Trial 63 

BMI: body mass index 64 

DBP: diastolic blood pressure 65 

NHANES: National Health and Nutrition Examination Survey 66 

REGARDS: Reasons for Geographic and Racial Differences in Stroke 67 

RH: resistant hypertension 68 

SBP: systolic blood pressure  69 



4 
 

INTRODUCTION 70 

Resistant hypertension (RH), defined as the inability to achieve blood pressure 71 

(BP) control with at least 3 antihypertensive drugs, one of them, preferably, a diuretic1,2 72 

is present in 10%-15% of the treated hypertensive population3,4. However, about one 73 

third of patients with RH do not have true RH because they have an exaggerated white-74 

coat effect and exhibit normal values of 24-hour BP on ambulatory blood pressure 75 

monitoring (ABPM), and are defined as white-coat RH4. For this reason, most 76 

guidelines recommend the use of ABPM in patients with RH to exclude this subset from 77 

the definition of “true” RH 5-7.  78 

Several studies have suggested an increased risk of future cardiovascular events 79 

and mortality in patients with RH8-10. We have shown that BP obtained through 24-hr 80 

ABPM was more informative about mortality risk than clinic or office BP11 and this is 81 

also important in evaluating the outcome of RH patients12-14.  82 

Several cross-sectional analyses of the population of the Spanish ABPM 83 

Registry indicated that, first, in comparison with hypertensive patients treated and 84 

controlled with 3 or less drugs, those with RH had more frequently other cardiovascular 85 

risk factors, hypertension-mediated organ damage, and previous cardiovascular 86 

disease15. Second, the classification of RH in true (ABPM-confirmed) or white-coat 87 

categories, by using ABPM, also revealed important differences in the cardiovascular 88 

risk profile, with those with ABPM-confirmed RH having more cardiovascular risk 89 

factors and diseases4. 90 

The aim of the present study was to evaluate if these differences in the 91 

cardiovascular risk profile were translated also in differences in all-cause and 92 

cardiovascular mortality, after 10-years follow up, by comparing patients with RH and 93 

controlled hypertension, and ABPM-confirmed versus white-coat RH.  94 

95 
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PATIENTS AND METHODS 96 

 The data that support the findings of this study are available from the 97 

corresponding authors, upon reasonable request. 98 

Study Design 99 

The Spanish ABPM Registry was developed to promote the use of ABPM in 100 

clinical practice. Details about recruitment characteristics have been previously 101 

reported4,11,15. The study was approved by the local institutional ethics committees, and 102 

informed consent was obtained from the participants. The present study is an analysis of 103 

mortality that includes 35129 treated patients who were enrolled in the registry between 104 

March 2004 and December 2014.  105 

BP Measurements 106 

BP was measured at the office using a validated upper-arm cuff oscillometric 107 

device, after a 5-minute rest in a sitting position. BP values were estimated as the mean 108 

of 2 readings. Thereafter, 24-hour ABPM was performed using the SpaceLabs 90207 109 

automated oscillometric device, programmed to register BP at 20-minute intervals for 110 

the day and at 30-minute intervals for the night. Valid registries had to fulfil a series of 111 

pre-established criteria, including ≥70% of SBP and DBP successful readings, 24-hour 112 

duration, and at least one BP measurement per hour.  113 

Study Variables 114 

Variables collected for each patient based on the interviews and physical 115 

examination at the time of visit and on data drawn from clinical records were defined 116 

and measured in accordance with contemporary European guidelines16-18. These 117 

included age, sex, weight, height, with body mass index (BMI) calculation, 118 

cardiovascular risk factors, such as smoking, diabetes mellitus, and dyslipidemia, and 119 



6 
 

history of cardiovascular disease (coronary heart disease, congestive heart failure, 120 

symptomatic peripheral artery disease, or cerebrovascular disease). 121 

Mortality data  122 

The date and cause of death were ascertained by a computerized search of the 123 

vital registry of the Spanish National Institute of Statistics (contract 20535 between the 124 

University of Barcelona and the National Institute of Statistics), which has been shown 125 

to be accurate and reliable with complete coverage19. Cause of death was determined by 126 

a nosologist from the death certificate and was coded according to the International 127 

Statistical Classification of Diseases, Tenth Revision (I00-I99 code for those of 128 

cardiovascular origin). For each study participant, follow-up was from the date of their 129 

recruitment visit in the blood pressure registry to the date of death or December 31st, 130 

2019, whichever occurred first.   131 

Statistical Analysis  132 

Complete data were available for age, sex, all blood pressure measures, and 133 

BMI. Missing data for current smoking, diabetes, and dyslipidemia status was less than 134 

1%, so patients with missing data were assumed not to have the condition. Data are 135 

presented as percentages for categorical variables and as mean ± SD for continuous 136 

variables. Differences in study variables between groups were assessed with the Pearson 137 

χ2 for categorical variables and Student’s t test for continuous data.  138 

Differences in total and cardiovascular mortality between groups were 139 

summarized with hazard ratios (HR) and their 95% CI with one group in each 140 

comparison considered as the reference group. HR were estimated by Cox models, 141 

unadjusted and after adjustment for clinical confounders (age, sex, BMI, smoking, 142 

diabetes, dyslipidemia, and previous cardiovascular disease). Assessment of the 143 

proportional hazards assumption found some evidence against proportionality for some 144 
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of the resistant hypertension phenotypes. However, even in the presence of non-145 

proportionality, the Cox HR still provides a useful summary statistic to describe the 146 

average association of the blood pressure index to risk over the follow-up period. 147 

The SPSS for Windows version 25.0 software (IBM, Armonk, New York) was 148 

used for statistical analysis.  149 
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RESULTS 150 

Patient disposition and group definition 151 

The mortality cohort from the Spanish Registry included 59 124 patients, of 152 

whom 35 129 (59.4%) received antihypertensive drugs. Treated and controlled 153 

hypertension (8146 patients; 23.2% of treated patients) was defined as office BP below 154 

140/90 mmHg while on treatment with 3 or less antihypertensive drugs ( Figure S1). 155 

Treated but uncontrolled resistant hypertension (8577 patients; 24.4% of treated 156 

patients) was defined as office BP ≥ 140 and/or ≥ 90 mmHg, while treated with 3 or 157 

more antihypertensive drugs. Patients treated with 1 or 2 drugs with office BP ≥ 140 158 

and/or ≥ 90 mmHg (uncontrolled non-resistant hypertension) were 17 554 (50%) while 159 

patients treated with 4 or more drugs with office BP < 140/90 mmHg (controlled 160 

resistant hypertension) were 831 (2.4%).  161 

Differences between controlled hypertension and uncontrolled resistant 162 

hypertension according to office BP criteria 163 

Compared to controlled patients, those with uncontrolled RH were older, and 164 

had more frequent obesity, diabetes, dyslipidemia, and cardiovascular disease at entry 165 

(Table 1). They also were more frequently treated with all medication classes ( Table 166 

S1). 167 

In Cox-regression models, both unadjusted and after adjustment for clinical 168 

confounders, uncontrolled RH was associated with an increase in mortality risk 169 

compared to controlled hypertension. After adjustment for clinical confounders, HR 170 

were 1.21 (95% CI: 1.12-1.30) for all-cause mortality and 1.33 (1.17-1.51) for 171 

cardiovascular mortality (Table 2).  We performed two sensitivity analyses in 172 

uncontrolled RH patients who received a diuretic as a part of the antihypertensive 173 

therapy (N=7562; 88%) or who received treatment with a combination of renin-174 
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angiotensin system blocker (either an angiotensin converting enzyme inhibitor, an 175 

angiotensin receptor blocker, or a direct renin inhibitor), a calcium channel blocker and 176 

a diuretic, as recommended by guidelines (N=4336; 50.6%). Hazard ratios for these 177 

groups in comparison to controlled hypertension were almost identical as those obtained 178 

in the whole group of RH ( Table S2). 179 

As mentioned, a small group of RH had clinic BP controlled (< 140/90 mm Hg) 180 

while on 4 or more antihypertensive medications. Compared with uncontrolled RH, they 181 

were slightly older and had an increase prevalence of previous cardiovascular disease 182 

( Table S3). They also had an increased risk of all-cause and cardiovascular mortality in 183 

comparison to controlled hypertension ( Table S4), while no differences were observed 184 

in the risk of mortality between controlled and uncontrolled RH ( Table S5). 185 

Differences between ABPM-confirmed and white coat resistant 186 

hypertension  187 

In the group of 8577 patients with uncontrolled RH, 24-hour ambulatory BP 188 

monitoring revealed elevated 24-hour BP (≥ 130 and/or 80 mmHg) in 5288 (61.7%), 189 

thus classified as having ABPM-confirmed RH. Otherwise, 24-hour BP was below 190 

130/80 mmHg in 3289 (38.3%), thus classified as having white-coat RH, also known as 191 

pseudo-resistant hypertension according to ABPM. Patients with white-coat RH were 192 

slightly older, and were more frequently women and obese, and had less frequently 193 

diabetes, current smoking or previous cardiovascular disease, with respect to ABPM-194 

confirmed RH (Table 3). With respect to medication, there were no relevant differences 195 

in the use of antihypertensive drugs classes ( Table S6). 196 

ABPM-confirmed RH was associated with an increased risk of all-cause and 197 

cardiovascular mortality compared to white-coat RH. In the confounder-adjusted model, 198 

HR for ABPM-confirmed RH versus white coat RH were 1.45 (95% CI: 1.32-1.60) and 199 
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1.68 (95%CI: 1.43-1.98), respectively for all-cause and cardiovascular mortality (Table 200 

4). 201 

Finally, ABPM-confirmed and white-coat RH were separately compared with 202 

the group of office-controlled hypertension. Although in the unadjusted model, both 203 

groups showed an increased risk of mortality, after the adjustment for confounders only 204 

ABPM-confirmed RH was associated with an increased mortality risk (HR: 1.36; 95% 205 

CI: 1.26-1.48 for all-cause mortality and HR: 1.56; 95%CI: 1.36-1.79 for cardiovascular 206 

mortality). In contrast adjusted HR for white-coat RH were not statistically significant 207 

(HR: 0.95; 95%CI: 0.86-1.05 and HR: 0.95; 95%CI: 0.80-1.14 for all-cause and 208 

cardiovascular mortality, respectively) versus controlled hypertension (Table 5). 209 
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DISCUSSION 210 

The present study demonstrates that RH is associated with an increased risk of 211 

all-cause and cardiovascular mortality in comparison to controlled hypertension. 212 

Moreover,  ABPM-confirmed RH has increased mortality rates compared to those with 213 

white-coat RH. Interestingly, this latter group does not show an increased risk of 214 

mortality compared to controlled hypertension. These results come from a very large 215 

cohort of RH patients defined by ABPM, and with a long follow-up (10 years). 216 

The prognosis of RH compared to controlled patients has been investigated in 217 

several studies8-10,20,21. Daugherty et al8, in a group of 3960 RH, followed for 4 years, 218 

found an increased risk of a combined endpoint of mortality, cardiovascular events, and 219 

chronic kidney disease development. However, in a sensitivity analysis, most of the 220 

increased risk was driven by chronic kidney disease development. In another study with 221 

1870 RH patients included in the Antihypertensive and Lipid-Lowering Treatment to 222 

Prevent Heart Attack Trial (ALLHAT) trial, Muntner et al10, found an increased risk of 223 

coronary, cerebrovascular, and renal events, as well as total mortality in comparison to 224 

non-RH. Another study with 2043 patients participating in the Reasons for Geographic 225 

and Racial Differences in Stroke (REGARDS) study found an increased rates of 226 

cardiovascular events and mortality in RH compared to those without RH20. Also data 227 

from the US National Health and Nutrition Examination Survey (NHANES) have 228 

shown that RH was associated with a 47% increased risk of cardiovascular mortality21. 229 

The largest data set reported was from Kaiser Permanente of Southern California9, with 230 

more than 60,000 patients with RH. The retrospective study also found a poorer 231 

prognosis in RH with respect to controlled hypertension, although the increase in 232 

mortality was only 6%. However, in this study, there was no inclusion of ABPM to 233 

accurately define ABPM-confirmed RH versus white coat or pseudo RH.  234 
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Several years ago, we reported clinical differences between RH patients and 235 

those controlled on 3 or less medications15. The RH group was older, more obese, and 236 

with increased prevalence of cardiovascular risk factors and diseases. In the present 237 

analysis using the same patient registry, examining mortality for a period of almost 10 238 

years, RH exhibited rates of mortality that almost doubled those in controlled patients. 239 

Although comorbidities were important in determining the prognosis, the survival 240 

model adjusted for such clinical confounders still revealed a significant increased risk of 241 

all-cause (21%) and cardiovascular (33%) mortality. These results confirm previous 242 

observations in the aforementioned studies8-10,20,21. However, the present study includes 243 

either a greater number of subjects examined and/or a longer follow-up, better 244 

characterization of BP using ABPM, and clinical management representative of usual 245 

practice in primary care. 246 

The current guideline definition of RH emphasizes not only the number of drugs 247 

(at least 3) but also the preferred combination of drug classes, ideally, the triple 248 

combination of a renin angiotensin system blocker (either an angiotensin converting 249 

enzyme inhibitor or an angiotensin receptor blocker), a calcium channel blocker and a 250 

diuretic 2,6,7. In our cohort, 88% of RH patients received a diuretic, and 50.6% received 251 

such a triple combination. Sensitivity analyses comparing these groups of patients with 252 

controlled hypertension yielded similar results as those obtained in the whole group of 253 

RH, suggesting that the presence of a diuretic or the type of drug combination used 254 

were not an important determinant of the prognosis. Moreover, in the small group of 255 

controlled RH (normal office BP while treated with 4 or more drugs), the risk of 256 

mortality was also increased with respect to controlled non RH, and similar to 257 

uncontrolled RH, suggesting that even controlling office BP by adding a fourth or a fifth 258 

drug is not enough to reduce the risk of RH. However, these particular results should be 259 
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viewed with caution, as the number of patients was relatively small and they had 260 

increased rates of previous cardiovascular disease, which suggests that this increased 261 

baseline risk was associated with an increased therapeutical effort in order to control 262 

BP. 263 

We have previously reported from the same data registry, that when patients 264 

with  ABPM-confirmed RH, i.e. with elevated 24-hour BP, are compared to those with 265 

white coat RH, i.e. those with normal BP on ABPM, the latter are characterized by less 266 

cardiovascular risk factors and comorbidities4. In the present analysis we have 267 

demonstrated that this translates into significantly different rates of all-cause and 268 

cardiovascular mortality, with the group of ABPM-confirmed RH showing increased 269 

hazard ratios (45% and 68%, respectively) in models adjusted for clinical confounders. 270 

Interestingly, when both groups of  ABPM-confirmed and white-coat RH were 271 

separately compared to controlled hypertension, only  ABPM-confirmed RH was 272 

associated with an increased risk of mortality in the confounder-adjusted model (36% 273 

and 56% for all-cause and cardiovascular mortality). In contrast, in the same 274 

confounder-adjusted model hazard ratios for the group of white coat RH were not 275 

statistically significant. These results are consistent with our previous report, in the 276 

general hypertensive population, indicating that white-coat hypertension is not 277 

associated with an increased risk of mortality11. 278 

These results emphasize the importance of out-of-office BP measurement in the 279 

stratification of risk in people with suspected RH. The importance of ambulatory BP 280 

monitoring in the prognostic evaluation of hypertension is now clearly established for 281 

the whole hypertensive population11,22. In RH patients, some previous studies also 282 

indicated that rates of cardiovascular events were closely dependent on 24-hour 283 

BP12,13,23. A recent study form Japan also demonstrated that only true RH was 284 
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associated with increased rates of CV events in comparison to controlled or 285 

uncontrolled non RH, whereas hazard ratios for white-coat RH were nonsignificant14. 286 

However, the study only included 643 RH patients, and mortality was not assessed. Our 287 

results reinforce these prior observations, but with a more definitive analysis, with 288 

substantially higher numbers of patients and number of deaths, as well as a much longer 289 

follow-up. 290 

The present study has some limitations. First, recruitment of patients began in 291 

2004. Since then, definitions of RH have been modified, including the type and doses of 292 

antihypertensive medications and greater recognition of the importance of treatment 293 

adherence. We have no information in the Registry regarding adherence to 294 

antihypertensive treatment. However, indirect measurements of adherence, as it can be 295 

used in routine clinical practice, are poorly correlated with direct measurements, such as 296 

serum or urine detection of drugs. With respect to the specific medications, as 297 

previously commented, the analysis of the subset of RH patients receiving the currently 298 

recommended triple combination yielded similar results as those obtained in the whole 299 

sample of RH patients. Another important limitation is that hazard ratios were 300 

substantially reduced after adjustment for clinical confounders. As these confounders 301 

were crudely measured, we cannot discard the possibility that the remaining association 302 

could be influenced by some residual confounding. Other limitations are derived from 303 

the use of data collected from a Registry, with antihypertensive treatment use collected 304 

at entry, without considering possible changes which occurred during follow-up. 305 

Moreover, the study cohort is a predominantly white population, and thus the findings 306 

may not apply to other ethnicities. 307 

 308 

Perspectives 309 
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The present study, using a very large population cohort, with long term follow 310 

up (~10 years), shows that RH patients are at increased risk for all-cause and 311 

cardiovascular mortality when compared to people with treated and controlled 312 

hypertension. In addition, those with ABPM-confirmed RH have higher mortality rates 313 

than those with white-coat RH, and with the latter demonstrating no excess mortality 314 

when compared to those with controlled hypertension. The study clearly suggests the 315 

clinical importance of identifying true RH with respect to future prognosis, as well as 316 

the importance of differentiating between true RH and white coat RH according to 317 

ambulatory BP monitoring.  318 
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Sources of Funding: The study was supported by the Spanish Society of 320 

Hypertension. The funding source had no role in study design, data collection, data 321 

analysis, results interpretation, writing of the report, or in the decision to submit it for 322 

publication. 323 

Disclosures: None 324 

Supplemental material: Figure S1, Tables S1-S6 325 

326 



16 
 

 REFERENCES 327 

1. Calhoun DA, Jones D, Textor S, Goff DC, Murphy TP, Toto RD, White A, 328 

Cushman WC, White W, Sica D, Ferdinand K, Giles TD, Falkner B, Carey RM. 329 

Resistant Hypertension: Diagnosis, Evaluation and Treatment: A scientific 330 

statement from the American Heart Association Professional Education 331 

Committee of the Council for High Blood Pressure Research. Hypertension 332 

2008; 51: 1403-1419. 333 

2. Carey RM, Calhoun DA, Bakris GL, Brook RD, Daugherty SL, Dennison-334 

Himmelfarb CR, Egan BM, Flack JM, Gidding SS, Judd E, et al. Resistant 335 

Hypertension: Detection, Evaluation, and Management: A scientific statement 336 

from the American Heart Association. Hypertension 2018; 72: e53-e90. 337 

3. Persell SD. Prevalence of resistant hypertension in the United States, 2003-2008. 338 

Hypertension 2011; 57: 1076-1080. 339 

4. De la Sierra A, Segura J, Banegas JR, Gorostidi M, de la Cruz JJ, Armario P, 340 

Oliveras A, Ruilope LM.. Clinical features of 8295 patients with resistant 341 

hypertension classified on the basis of ambulatory blood pressure monitoring. 342 

Hypertension 2011; 57: 898-902. 343 

5. Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison 344 

Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, et al. 2017 345 

ACC/AHA/AAPA/ABC/ ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 346 

Guideline for the Prevention, Detection, Evaluation, and Management of High 347 

Blood Pressure in Adults. A Report of the American College of 348 

Cardiology/American Heart Association Task Force on Clinical Practice 349 

Guidelines. J Am Coll Cardiol 2018; 71: e127-e248. 350 



17 
 

6. Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M, Burnier M, 351 

Clement DL, Coca A, de Simone G, Dominiczak A, et al. 2018 ESC/ESH 352 

Guidelines for the management of arterial hypertension. Eur Heart J 2018; 39: 353 

3021-3104. 354 

7. Mancia G, Kreutz R, Brunström M, Burnier M, Grassi G, Januszewicz A, 355 

Muiesan ML, Tsioufis K, Agabiti-Rosei E, Algharably EAE,et al. 2023 ESH 356 

Guidelines for the management of arterial hypertension The Task Force for the 357 

management of arterial hypertension of the European Society of Hypertension 358 

Endorsed by the International Society of Hypertension (ISH) and the European 359 

Renal Association (ERA). J Hypertens 2023; 41: 1874-2071. 360 

8. Daugherty SL, Powers JD, Magid DJ, Tavel HM, Masoudi FA, Margolis KL, 361 

O'Connor PJ, Selby JV, Ho PM. Incidence and prognosis of resistant 362 

hypertension in hypertensive patients. Circulation 2012; 125: 1635-1642. 363 

9. Sim JJ, Bhandari SK, Shi J, Reynolds K, Calhoun DA, Kalantar-Zadeh K, 364 

Jacobsen SJ. Comparative risk of renal, cardiovascular, and mortality outcomes 365 

in controlled, uncontrolled resistant, and nonresistamt hypertension. Kidney Int 366 

2015; 88: 622-632. 367 

10. Muntner P, Davis BR, Cushman WC, Bangalore S, Calhoun DA, Pressel SL, 368 

Black HR, Kostis JB, Probstfield JL, Whelton PK, Rahman M; ALLHAT 369 

Collaborative Research Group.Treatment-resistant hypertension and the 370 

incidence of cardiovascular disease and end-stage renal disease: results from the 371 

Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial 372 

(ALLHAT). Hypertension 2014; 64: 1012-1021. 373 

11. Staplin N, de la Sierra A, Ruilope LM, Emberson JR, Vinyoles E, Gorostidi M, 374 

Ruiz-Hurtado G, Segura J, Baigent C, Williams B. Relationship between clinic 375 



18 
 

and ambulatory blood pressure and mortality. An observational cohort study in 376 

59,124 patients. Lancet 2023; 401: 2041-2050. 377 

12. Pierdomenico SD, Lapenna D, Bucci A, Di Tommaso R, Di Mascio R, Manente 378 

BM, Caldarella MP, Neri M, Cuccurullo F, Mezzetti A. Cardiovascular outcome 379 

in treated hypertensive patients with responder, masked, false resistant, and true 380 

resistant hypertension. Am J Hypertens 2005; 18: 1422-1428.  381 

13. Salles GF, Cardoso CRL, Muxfeldt ES. Prognostic influence of office and 382 

ambulatory blood pressures in resistant hypertension. Arch Intern Med 2008; 383 

168: 2340-2346. 384 

14. Kario K, Hoshide S, Narita K, Okawara Y, Kanegae H; Investigators’ network. 385 

Cardiovascular prognosis in drug-resistant hypertension stratified by 24-hour 386 

ambulatory blood pressure: the JAMP Study. Hypertension 2021; 78: 1781-387 

1790. 388 

15. De la Sierra A, Banegas JR, Oliveras A, Gorostidi M, Segura J, de la Cruz JJ, 389 

Armario P, Ruilope LM. Clinical differences between resistant hypertensives 390 

and patients treated and controlled with three or less drugs. J Hypertens 2012; 391 

30: 1211-1216. 392 

16. European Society of Hypertension-European Society of Cardiology Guidelines 393 

Committee. 2003 European Society of Hypertension-European Society of 394 

Cardiology guidelines for the management of arterial hypertension. J Hypertens 395 

2003; 21: 1011–1053. 396 

17. Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, 397 

Grassi G, Heagerty AM, Kjeldsen SE, Laurent S, et al. 2007 Guidelines for the 398 

management of arterial hypertension: The Task Force for the Management of 399 



19 
 

Arterial Hypertension of the European Society of Hypertension (ESH) and of the 400 

European Society of Cardiology (ESC). J Hypertens 2007; 25: 1105-1187. 401 

18. Mancia G, Fagard R, Narkiewicz K, Redón J, Zanchetti A, Böhm M, Christiaens 402 

T, Cifkova R, De Backer G, Dominiczak A, et al. 2013 ESH/ESC Guidelines for 403 

the management of arterial hypertension: the Task Force for the management of 404 

arterial hypertension of the European Society of Hypertension (ESH) and of the 405 

European Society of Cardiology (ESC). J Hypertens 2013; 31: 1281-1357. 406 

19. Instituto Nacional de Estadística. Informes metodológicos estandarizados. 407 

http://www.ine.es/dynt3/metadatos/es/RespuestaPrint.html?oper=23 (accessed 408 

Feb 14, 2024). 409 

20. Irvin MR, Booth JN 3rd, Shimbo D, Lackland DT, Oparil S, Howard G, Safford 410 

MM, Muntner P, Calhoun DA. Apparent treatment-resistant hypertension and 411 

risk for stroke, coronary heart disease, and all-cause mortality. J Am Soc 412 

Hypertens 2014; 8: 405-413. 413 

21. Kaczmarski KR, Sozio SM, Chen J, Sang Y, Shafi T. Resistant hypertension and 414 

cardiovascular disease mortality in the US: results from the National Health and 415 

Nutrition Examination Survey (NHANES). BMC Nephrol 2019; 20: 138. 416 

22. Yang WY, Melgarejo JD, Thijs L, Zhang ZY, Boggia J, Wei FF, Hansen TW, 417 

Asayama K, Ohkubo T, Jeppesen J, et al. Association of office and ambulatory 418 

blood pressure with mortality and cardiovascular outcomes. JAMA 2019; 322: 419 

409-420. 420 

23. Muxfeldt ES, Cardoso CR, Salles GF. Prognostic value of nocturnal blood 421 

pressure reduction in resistant hypertension. Arch Intern Med. 2009; 169: 874-422 

880. 423 

  424 



20 
 

NOVELTY AND RELEVANCE 425 

 What is new? 426 

- Resistant hypertension, confirmed by 24-hour ambulatory blood pressure 427 

elevation, is associated with an increased risk of all-cause and cardiovascular 428 

mortality, compared with either controlled hypertension or with “white-coat” 429 

resistant hypertension. 430 

- “White-coat resistant hypertension is not associated with an increased risk of 431 

all-cause or cardiovascular mortality in comparison to controlled 432 

hypertension 433 

What is relevant? 434 

The prognosis of resistant hypertension is clearly dependent on 24-hour 435 

ambulatory blood pressure, as only the group with elevated values show an 436 

increased risk of all-cause and cardiovascular mortality 437 

Clinical/Pathophysiological Implications? 438 

- Ambulatory blood pressure monitoring should be performed in patients with 439 

resistant hypertension, . Blood pressure values obtained through 24-hour 440 

ambulatory blood pressure monitoring are powerful determinants of the risk 441 

of mortality in patients with resistant hypertension. 442 

-  443 

 444 
  445 
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Table 1. Demographic and Clinical Characteristics of Controlled versus Resistant 446 

Hypertension according to office BP 447 

Parameter Controlled 

Hypertension 

N=8146 

Resistant 

Hypertension 

N=8577 

P value 

Male sex, % 50.9 52.1 0.141 

Age, y 60.6 ± 13.4 65.4 ± 11.7 <0.001 

Obesity*, % 38.7 54.7 0.001 

Current smoker, % 14.1 11.8 <0.001 

Diabetes, % 18.0 36.0 <0.001 

Dyslipidemia, % 47.3 55.9 <0.001 

Cardiovascular disease, % 14.9 19.2 <0.001 

Blood pressure, mmHg 

Clinic systolic 

Clinic diastolic 

24-h systolic 

24-h diastolic 

Daytime systolic 

Daytime diastolic 

Nighttime systolic 

Nighttime diastolic 

 

127.0 ± 9.6 

76.7 ± 8.4 

121.7 ± 11.6 

72.6 ± 8.8 

124.4 ± 11.9 

75.2 ± 9.4 

114.4 ± 13.9 

65.4 ± 9.2 

 

160.3 ± 17.2 

87.4 ± 12.2 

133.6 ± 15.5 

74.0 ± 11.1 

136.0 ± 15.7 

76.4 ± 11.5 

127.0 ± 18.2 

67.7 ± 11.4 

 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

Data expressed as mean ± SD or %. *Obesity defined as a body mass index ≥ 30 kg/m2 448 
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Table 2. Hazard ratios for resistant hypertension in comparison to controlled hypertension (according to office BP ) in relation to all-

cause and cardiovascular mortality  

Group   Total mortality Cardiovascular mortality 

 Number of 

deaths (%) 

Number of 

cardiovascular 

deaths (%) 

Unadjusted 

model 

Adjusted model Unadjusted 

model 

Adjusted 

model 

Controlled hypertension 

(N=8146) 

1080 (13.3%) 358 (4.4%) Reference Reference Reference Reference 

Resistant hypertension 

(N=8577) 

1942 (22.6%) 727 (8.5%) 1.72 (1.60-1.85) 1.21 (1.12-1.30) 1.94 (1.71-2.20) 1.33 (1.17-1.51) 

Adjusted for age, sex, body mass index, smoking, diabetes, dyslipidemia, and previous cardiovascular disease 
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Table 3. Demographic and Clinical Characteristics of ABPM-confirmed versus 

White-coat Resistant Hypertension (RH) according to ABPM 

Parameter ABPM-confirmed 

RH 

N=5288 

White-coat RH 

N=3289 

P value 

Male sex, % 56.1 45.7 <0.001 

Age, y 65.1 ± 12.0 65.9 ± 11.1 0.001 

Obesity*, % 38.7 54.6 0.001 

Current smoker, % 13.5 9.1 <0.001 

Diabetes, % 38.2 32.6 <0.001 

Dyslipidemia, % 55.5 56.4 0.461 

Cardiovascular disease, % 19.9 18.3 0.072 

Blood pressure, mmHg 

Clinic systolic 

Clinic diastolic 

24-h systolic 

24-h diastolic 

Daytime systolic 

Daytime diastolic 

Nighttime systolic 

Nighttime diastolic 

 

163.0 ± 18.1 

88.3 ± 12.7 

142.5 ± 12.0 

78.2 ± 10.8 

144.9 ± 12.4 

80.6 ± 11.4 

135.9 ± 16.0 

71.9 ± 11.0 

 

156.0 ± 14.8 

86.0 ± 11.1 

119.3 ± 7.7 

67.2 ± 7.4 

121.8 ± 8.2 

69.7 ± 8.0 

112.7 ± 11.0 

60.9 ± 8.1 

 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

<0.001 

Data expressed as mean ± SD, or %. *Obesity defined as a body mass index ≥ 30 kg/m2 
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Table 4. Hazard ratios for ABPM-confirmed resistant hypertension in comparison to white-coat resistant hypertension (according to 

ABPM) in relation to all-cause and cardiovascular mortality 

Group   Total mortality Cardiovascular mortality 

 Number of 

deaths (%) 

Number of 

cardiovascular 

deaths (%) 

Unadjusted 

model 

Adjusted model Unadjusted 

model 

Adjusted 

model 

White-coat resistant 

hypertension (N=3289; 38.3%) 

594 (18.1%) 201 (6.1%) Reference Reference Reference Reference 

ABPM-confirmed resistant 

hypertension (N=5288; 61.7%) 

1348 (25.5%) 526 (9.9%) 1.47 (1.33-1.61) 1.45 (1.32-1.60) 1.69 (1.44-1.99) 1.68 (1.43-1.98) 

Adjusted for age, sex, body mass index, smoking, diabetes, dyslipidemia, and previous cardiovascular disease 
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Table 5. Hazard ratios for ABPM-confirmed and white-coat resistant hypertension separately compared with controlled hypertension in 

relation to all-cause and cardiovascular mortality 

Group Total mortality Cardiovascular mortality 

 Unadjusted 

model 

Age-sex adjusted Fully adjusted 

model 

Unadjusted 

model 

Age-sex 

adjusted 

Fully adjusted 

model 

Controlled hypertension 

(N=8146) 

Reference Reference Reference Reference Reference Reference 

ABPM-confirmed resistant 

hypertension (N=5288) 

1.96 (1.81-2.13) 1.50 (1.39-1.63) 1.36 (1.26-1.48) 2.31 (2.02-2.64) 1.76 (1.54-2.01) 1.56 (1.36-1.79) 

White-coat resistant 

hypertension (N=3289) 

1.34 (1.21-1.48) 1.00 (0.90-1.10) 0.95 (0.86-1.05) 1.37 (1.15-1.63) 1.00 (0.84-1.19) 0.95 (0.80-1.14) 

Fully adjusted model: Adjusted for age, sex, body mass index, smoking, diabetes, dyslipidemia, and previous cardiovascular disease 

 

 


