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Abstract 48 

Background: Time in target range (TTR) reflects the proportion of time blood pressure 49 

(BP) remains within a defined range, integrating BP variability and control. We 50 

examined associations of systolic BP (SBP) TTR during ambulatory BP monitoring 51 

(ABPM) with cardiovascular (CV) and all-cause mortality. 52 

Methods: Patients from the Spanish ABPM Registry who were receiving 53 

antihypertensive medications or who had sustained or masked hypertension without 54 

treatment, defined by office BP ≥140/90 mmHg and 24-hour BP ≥130/80 mmHg. TTR 55 

was estimated by linear interpolation between consecutive SBP recordings obtained 56 

from ABPM and expressed as the proportion of time SBP remained within 120-134 57 

mmHg during daytime and 110-119 mmHg during nighttime, from which 24-hour TTR 58 

was derived. Associations with mortality were assessed by Cox regression adjusted 59 

for demographic and clinical variables. 60 

Results: A total of 48,687 patients (46% women) were analyzed. Over a median follow-61 

up of 9.7 years, 6,502 deaths occurred, including 2,185 CV deaths. Higher 24-hour 62 

TTR was associated with lower all-cause mortality (HR 0.83 per 1-SD increment; 95% 63 

CI 0.80-0.85). Similarly, higher 24-hour TTR was associated with lower CV mortality 64 

(HR 0.80 per 1-SD increment; 95% CI 0.76-0.84). Both associations remained 65 

significant after adjusting for mean 24-hour SBP and SBP variability. 66 

Conclusions: Higher 24-hour SBP TTR derived from ABPM was independently 67 

associated with lower all-cause and CV mortality.  68 

Keywords: Ambulatory blood pressure monitoring; hypertension; all-cause mortality; 69 

cardiovascular mortality; blood pressure variability  70 
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Abbreviations 71 

ABPM  Ambulatory blood pressure monitor 72 

BP  blood pressure 73 

CI  confidence interval  74 

CV  cardiovascular  75 

DBP  diastolic blood pressure 76 

SBP  systolic blood pressure  77 

SD  standard deviation 78 

TTR  time in target range 79 

  80 
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Introduction 81 

Short-term blood pressure (BP) variability, as measured by 24-hour ambulatory BP 82 

monitoring (ABPM), is associated with an increased risk of cardiovascular (CV) 83 

outcomes, independent of the mean 24-hour BP level.(1-3) An emerging metric in 84 

assessing BP variability and control is time-in-target range (TTR), which has gained 85 

increasing attention in hypertension management. The concept of TTR originated in 86 

the fields of anticoagulation and diabetes care, where it is used both as a clinical target 87 

and outcome measure.(4,5) More recently, TTR has also been applied to 88 

hypertension.(6,7) TTR quantifies the proportion of time that systolic BP (SBP) 89 

remains within a predefined target range over multiple time points.(8) Unlike mean BP, 90 

TTR integrates information on BP levels and variability. For example, a patient may 91 

have a mean BP within the target range but exhibit high BP variability, resulting in 92 

fewer individual readings within the desired range. Since both elevated BP levels and 93 

increased BP variability are associated with all-cause and CV mortality,(9,10) TTR may 94 

offer additional prognostic value. In a post-hoc analysis of the Systolic BP (SBP) 95 

Intervention Trial (SPRINT), comparing intensive (unattended office SBP <120 mmHg) 96 

versus standard (unattended office SBP <140 mmHg) BP targets in patients with 97 

hypertension and increased CV risk, TTR calculated from 3 office BP recordings taken 98 

over the initial 3 months was associated with major adverse CV events, even after 99 

adjusting for mean SBP or BP variability.(6) The target SBP ranges were 110-130 100 

mmHg and 120-140 mmHg in the intensive and standard treatment arms, 101 

respectively.(6)  102 

When calculating TTR from home or office BP measurements using linear 103 

interpolation, this approach may inadequately capture rapid or non-linear fluctuations 104 

and is more susceptible to the influence of outliers due to the varying intervals between 105 
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measurements. Only three studies have used ABPM to estimate TTR. One study 106 

calculated 24-hour TTR in 228 patients with acute stroke,(11) another used ABPM to 107 

estimate between-visit TTR,(7) and a third large individual-participant meta-analysis 108 

of 14 population-based cohorts used 24-hour ABPM with linear interpolation to quantify 109 

the time spent within systolic and diastolic BP (DBP) targets. This latter analysis 110 

demonstrated a strong inverse association between TTR and long-term mortality and 111 

adverse CV outcomes.(12) 112 

The present study assessed the association between TTR for SBP during 24-hour 113 

ABPM and both all-cause and cardiovascular mortality in patients with sustained and 114 

masked hypertension (treated or untreated), controlled hypertension, white-coat 115 

uncontrolled hypertension (both treated), based on office (≥140 and/or ≥90 mmHg) 116 

and 24-hour BP measurements (≥130 and/or ≥80 mmHg). 117 

 118 

Methods 119 

Study design 120 

This study utilized data from the Spanish ABPM Registry, a nationwide observational 121 

cohort study conducted at 223 primary care centers within the Spanish National Health 122 

System. The baseline data, protocols, and inclusion-exclusion criteria have been 123 

previously reported.(9) A comprehensive database was created by requesting 124 

mortality information from the Spanish National Institute of Statistics and linking that 125 

data with the ABPM data. The data that support the findings of this study are available 126 

from the corresponding author upon reasonable request. 127 

 128 
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Study population 129 

Between March 2004 and December 2014, the Spanish ABPM Registry included 130 

51,942 adults aged 18 years or older with guideline-recommended indications for 131 

ABPM, including suspected white-coat hypertension, masked hypertension, high-risk 132 

hypertension, borderline hypertension, labile hypertension, and assessment of 133 

antihypertensive treatment efficacy. The study was sponsored by the Spanish Society 134 

of Hypertension, Lacer Laboratories, and European government agencies, which did 135 

not influence the study design, data analysis, or interpretation of results. Institutional 136 

review boards at each participating center approved the study protocols, and all 137 

patients provided written informed consent. 138 

Because BP target ranges apply only to patients with an indication for antihypertensive 139 

therapy, the present analysis was restricted to patients fulfilling at least one of the 140 

following criteria: 141 

i) sustained hypertension, defined as office BP ≥140 and/or ≥90 mmHg and 24-142 

hour BP ≥130 and/or ≥80 mmHg, with or without antihypertensive medication. 143 

ii) masked hypertension defined as office BP <140/90 mmHg but 24-hour BP ≥130 144 

and/or ≥80 mmHg, with or without antihypertensive medication. 145 

iii) white-coat hypertension in the presence of antihypertensive medication defined 146 

as elevated office BP (≥140 and/or ≥90 mmHg) and controlled 24-hour BP 147 

(<130/80 mmHg). 148 

iv) controlled hypertension in the presence of antihypertensive medication, defined 149 

as office BP of <140/90 mmHg and 24-hour BP of <130/80 mmHg.  150 
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Procedures and blood pressure indices 151 

Patient data were collected through standardized interviews and physical 152 

examinations during clinical visits. Office blood pressure (BP) and heart rate were 153 

measured following established protocols. In 85% of patients, validated oscillometric 154 

devices were used, while 15% were measured using calibrated mercury 155 

sphygmomanometers. BP readings were taken while the patients were seated and at 156 

rest. The mean of two BP readings was recorded. 157 

ABPM was conducted using validated, automated devices (Spacelabs model 90207, 158 

Spacelabs Healthcare, Snoqualmie, WA, USA) with appropriate cuff sizes, recording 159 

BP every 20 minutes during the day and every 30 minutes at night. The same criteria 160 

as in previous analyses of the Spanish ABPM registry were applied: at least 70% of 161 

SBP and DBP successful readings during the daytime and nighttime periods, 24-h 162 

duration, and at least one BP measurement per hour.(9,13) Mean 24-hour, daytime, 163 

and nighttime SBP and DBP were examined. Day and night periods were based on 164 

the patients' self-reported sleeping and waking times. TTR was calculated using linear 165 

interpolation, which was performed on a per-minute basis between two consecutive 166 

SBP readings obtained from ABPM and determined the proportion of time spent in the 167 

target range defined as an SBP of 120-134 mmHg during daytime and an SBP of 110-168 

119 mmHg during nighttime (Figure S1). TTR was calculated as the number of SBP 169 

values (observed and interpolated) within the target range divided by the total number 170 

of SBP values (observed and interpolated), multiplied by 100. Interpolation was 171 

performed only when the interval between two consecutive readings was <60 minutes. 172 

In the absence of universally accepted ambulatory and office treatment targets, the 173 

SBP target range used for this analysis was defined as 120-134 mmHg during daytime 174 

and 110-119 mmHg during nighttime. This ambulatory BP range approximates an 175 
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office SBP of 120-139 mmHg and aligns with the recommended office BP targets, 176 

which the 2024 European Society of Hypertension (ESH) Hypertension Guidelines 177 

recommend as a primary target for most patients.(14) The threshold of 120 mmHg was 178 

chosen because the ESH Guidelines advise against reducing office systolic BP <120 179 

mmHg, and the 2024 European Society of Cardiology (ESC) Guidelines define 120 180 

mmHg as the lower bound of the recommended office BP range for most treated 181 

patients.(14,15) For BP variability assessment, we chose 24-hour SBP coefficient of 182 

variation, calculated as the ratio between the standard deviation (SD) and the mean 183 

of the SBP (x 100).(16) 184 

 185 

Mortality data 186 

The primary outcomes were all-cause and CV mortality. Causes of death were 187 

determined from certificates coded according to the International Statistical 188 

Classification of Diseases. Follow-up began at the first recruitment visit and continued 189 

until the date of death or the end of the recruitment period on December 31, 2019. The 190 

Spanish National Institute of Statistics recorded the death data and verified its 191 

accuracy, completeness, and reliability. 192 

 193 

Statistical methods 194 

Metric data were presented as means (standard deviations, SD) and categorical data 195 

as frequencies (percentages). Differences between groups were tested using ANOVA 196 

for metric data and the Chi-square test for categorical data. Cox regression analyses 197 

were adjusted for age, sex, body mass index, number of antihypertensive medications 198 

(zero or untreated vs. one vs. two or more), previous cardiovascular disease (previous 199 
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record of ischemic heart disease, stroke, or heart failure vs. no record), diabetes 200 

(previous record of diabetes vs. no record), dyslipidemia (previous record of 201 

dyslipidemia vs. no record), and tobacco smoking status (current vs. not) as recently 202 

reported.(9) Subgroup analyses were run for groups of mean 24-hour SBP, the same 203 

period as TTR, BP phenotype and treatment (no antihypertensive medications vs. one 204 

or more antihypertensive medications). There was no adjustment for the number of 205 

antihypertensive medications in subgroup analyses with BP phenotype and treatment 206 

because this variable would have limited the variance within the subgroups as the 207 

number of antihypertensive medications was zero for all patients in the no treatment 208 

group whereas, due to the exclusion criteria, included patients with normotension and 209 

white-coat hypertension were always on antihypertensive medications. The interaction 210 

between TTR and subgroup was tested with the likelihood-ratio test by adding the 211 

interaction to a model containing the adjustment variables, TTR and the subgroup. If 212 

a significant interaction was found, the data was further divided by subgroups and p-213 

values for TTR were determined using the likelihood-ratio test by adding TTR to a 214 

model containing the adjustment variables. This procedure applies for the results 215 

shown in Figures 2 and 3. In Table 2 hazard ratios and confidence intervals for TTR 216 

are obtained from Cox regression when analyses were additionally adjusted for mean 217 

24-hour SBP and SBP variability. All cox regression analyses were done for all-cause 218 

death and cardiovascular death. The trend of TTR over the lifespan was modeled with 219 

natural cubic splines using age terciles as knots and, in case of trend by sex, including 220 

an interaction. P-values are two-sided with a significance level of 0.05 and remain 221 

unadjusted, i.e., no correction for multiple testing was applied due to the exploratory 222 

nature of the analysis. All analyses were done with R version 4.4.1. 223 

 224 



 11 

Results 225 

Patient characteristics 226 

A total of 59,124 patients (47.0% female) were recruited.(9) After excluding 10,437 227 

(17.7%) patients with a 24-hour SBP <130 mmHg who were not receiving 228 

antihypertensive medication, 48,687 (82.3%) patients remained for the analyses. 229 

Among these, 45.6% were women. The mean age at baseline was 59.7 years (SD 230 

13.6). The mean 24-hour SBP and DBP were 131.0 mmHg (SD 13.7) and 77.3 mmHg 231 

(SD 10.5) mmHg, respectively. During a median follow-up of 9.7 years, 6,502 deaths 232 

occurred, including 2,185 from CV causes. Table 1 shows the baseline characteristics 233 

of the population used for this analysis. Table S1-S3 summarize the baseline 234 

characteristics stratified by quartiles of 24-hour TTR, TTR <50% versus ≥50%, and 235 

hypertension phenotypes. 236 

 237 

Time in target range 238 

The mean 24-hour TTR was 29.3% (SD 16.6), ranging from 0% to 83.8%. During 239 

daytime (target range defined as SBP 120-134 mmHg), mean TTR was 32.7% (SD 240 

19.7), while nighttime TTR (target range defined as SBP 110-119 mmHg) was 22.8% 241 

(SD 19.4). The 24-hour TTR decreased with age in both men and women (Figure 1 242 

and Figure S2).  243 

 244 

Association of time in target range with all-cause death 245 

Higher 24-hour TTR was associated with a lower risk of all-cause death (HR 0.83 per 246 

1-SD increment; 95% CI 0.80-0.85) in models adjusted for clinical confounders. This 247 
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association remained significant after additional adjustment for mean 24-hour SBP 248 

(HR 0.90 per 1-SD increment; 95% CI 0.87-0.93) and SBP variability (HR 0.91 per 1-249 

SD increment; 95% CI 0.88-0.94) (Table 2). Significant interactions were observed 250 

between mean 24-hour SBP groups (≥130, 115-129, and <115 mmHg) and 24-hour 251 

TTR (p for interaction = 0.0067) (Figure 2) and nighttime TTR (p for interaction 252 

<0.0001) in relation to all-cause mortality, whereas the interaction with daytime TTR 253 

was not significant (p for interaction = 0.3357) (Figure S3). Specifically, higher TTR 254 

was associated with lower all-cause death among patients with elevated (≥130 mmHg) 255 

and controlled (115-129 mmHg) mean 24-hour SBP, but not in those with low mean 256 

24-hour SBP (<115 mmHg) (Figure 2). Similar interactions were observed for daytime 257 

and nighttime TTR with corresponding SBP levels (Figure S3). Higher TTR was 258 

associated with lower all-cause mortality in patients with elevated daytime and 259 

nighttime SBP, and in those with controlled daytime SBP, but not in those with low SBP 260 

levels (Figure 2). Moreover, higher TTR was associated with higher all-cause mortality 261 

when stratifying for mean 24-hour DBP (≥80 mmHg, 65-84 mmHg, and <65 mmHg), 262 

with the strongest association in the higher DBP groups (Figure S4). Across BP 263 

phenotypes, higher 24-hour TTR was associated with lower all-cause mortality in 264 

patients with masked hypertension, sustained hypertension (uncontrolled office and 265 

24-hour BP, with or without antihypertensive medication), and controlled hypertension 266 

(controlled office and 24-hour BP while receiving antihypertensive medication), but not 267 

in those with white-coat uncontrolled hypertension receiving antihypertensive 268 

medication (p for interaction <0.0001) (Figure 2). There was no significant interaction 269 

between treatment status (with versus without antihypertensive medication) and 24-270 

hour, daytime, or nighttime TTR (Figure 2, Figure S3). 271 

 272 
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Association of time in target range with CV death 273 

Higher 24-hour TTR was also associated with a reduced risk of CV death (HR 0.80 274 

per 1-SD increment; 95% CI 0.76-0.84). This association persisted after adjustment 275 

for mean 24-hour SBP (HR 0.91 per 1-SD increment; 95% CI 0.86-0.97) and SBP 276 

variability (HR 0.93 per 1-SD increment; 95% CI 0.88-0.99) (Table 2). A significant 277 

interaction was found between mean 24-hour SBP groups and nighttime TTR (but not 278 

24-hour TTR or daytime TTR) for its association with CV death (Figure 3, Figure S5). 279 

As with all-cause mortality, high TTR was associated with reduced CV death in patients 280 

with elevated (≥130 mmHg) and controlled (115-129 mmHg) mean 24-hour SBP, but 281 

not in those with low mean 24-hour SBP (<115 mmHg) (Figure 3). Additionally, 282 

significant interactions were observed for daytime and nighttime TTR with 283 

corresponding SBP levels (Figure S5). Higher TTR during daytime and nighttime was 284 

associated with reduced risk of CV mortality only in patients with elevated SBP during 285 

the corresponding periods (Figure S5). There was no significant interaction between 286 

mean 24-hour DBP groups (≥80 mmHg, 65-84 mmHg, and <65 mmHg) and 24-hour, 287 

daytime, or nighttime SBP TTR in relation to CV mortality (Figure S6). Across BP 288 

phenotypes, higher 24-hour TTR was associated with lower CV mortality in patients 289 

with masked hypertension, sustained hypertension (uncontrolled office and 24-hour 290 

BP, with or without antihypertensive medication), but not in those with white-coat 291 

uncontrolled hypertension receiving antihypertensive medication (p for interaction 292 

0.0002) or those with controlled hypertension receiving antihypertensive medication 293 

(Figure 3). There was no significant interaction between treatment status (with versus 294 

without antihypertensive medication) and 24-hour, daytime, or nighttime TTR (Figure 295 

3, Figure S5).   296 
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Discussion 297 

This analysis of 48,687 patients with hypertension from the Spanish ABPM Registry 298 

assessed the association between 24-hour TTR for SBP during ABPM and mortality 299 

outcomes. A higher 24-hour TTR was significantly associated with lower risks of both 300 

all-cause and CV mortality, independent of mean 24-hour SBP and SBP variability. 301 

This association was observed in patients with and without antihypertensive 302 

medication. Stratified analyses revealed that the benefit of higher TTR was evident in 303 

patients with elevated SBP (≥130 mmHg) and controlled SBP (115-129 mmHg), but 304 

not in those with low SBP (<115 mmHg). In addition, higher TTR was associated with 305 

lower mortality risk in patients with masked hypertension, sustained hypertension, and 306 

controlled hypertension in the presence of antihypertensive medication, whereas no 307 

such association was observed in patients with white-coat uncontrolled hypertension. 308 

TTR reflects the proportion of time a patient remains within a predefined target range 309 

over multiple time points. Most prior studies assessing TTR have relied on infrequent 310 

office or home BP measurements, typically taken only a few times per year.(17) When 311 

TTR is calculated from sparse measurements using linear interpolation, it may fail to 312 

capture rapid or non-linear fluctuations, hence oversimplifying the data. Additionally, 313 

because the intervals vary, some interpolated segments may cover more time than 314 

others.(18) Therefore, calculating TTR based on only a few snapshot measurements 315 

can be more susceptible to outliers. These outliers may arise from intrinsic or extrinsic 316 

factors, such as stress, physical activity, dietary changes, seasonal variations, or 317 

improper blood pressure measurement techniques and can bias the estimates.(4,16) 318 

Moreover, when narrow target ranges are applied, TTR becomes inherently sensitive 319 

to both pathological and physiological BP variability.  320 
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Observational studies from large databases, including the Veterans Affairs system(19) 321 

and primary care records in England,(8) showed an inverse association between TTR 322 

(based on office SBP) and all-cause mortality at 10 years and incident CV disease 323 

through 5 years. Similarly, a post-hoc analysis of the SPRINT trial demonstrated that 324 

greater TTR, based on office SBP over 3 months, was associated with reduced risk of 325 

major CV events, even after adjustment for mean SBP and SBP variability.(6) In 326 

contrast to most previous studies that examined the relationship between TTR and CV 327 

outcomes based on a limited number of office BP measurements, the present study 328 

derived TTR from 24-hour ABPM, providing a more comprehensive and physiologically 329 

relevant assessment of BP exposure. Prior to this study, only three studies have used 330 

ABPM to estimate TTR. One study calculated 24-hour TTR in 228 patients with acute 331 

stroke,(11) another used ABPM to estimate between-visit TTR,(7) and a third 332 

individual-participant meta-analysis of 14 population-based cohorts used 24-hour 333 

ABPM with linear interpolation to quantify the time spent within SBP and DBP targets. 334 

This latter meta-analysis demonstrated a strong inverse association between TTR and 335 

long-term mortality and adverse CV outcomes.(12) 336 

The present study extends these findings in several important ways. It included nearly 337 

three times as many participants as the meta-analysis (48,687 vs. 14,230) and was 338 

based on a contemporary cohort recruited from 223 primary care centers. Moreover, 339 

higher TTR was associated with a lower risk of all-cause and CV mortality even after 340 

adjusting for mean 24-hour SBP and SBP variability. Notably, when stratifying by SBP 341 

categories, the association between TTR and mortality was not only significant in 342 

patients with elevated SBP but also in those with controlled SBP. This highlights the 343 

immediate and clinically relevant added value of 24-hour TTR compared to mean 24-344 

hour SBP, suggesting its potential clinical relevance in guiding hypertension 345 
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management. Importantly, the association between TTR and mortality remained 346 

significant across all DBP subgroups. 347 

Although this analysis demonstrated a linear inverse association between 24-hour 348 

TTR and mortality, whether this relationship extends to adverse events remains 349 

uncertain. Notably, the SPRINT post-hoc analysis found no association between TTR 350 

(based on office SBP) and serious adverse events, including syncope and injurious 351 

falls.(6) Additionally, pooled data from the Action to Control CV Risk in Diabetes-BP 352 

(ACCORD-BP) trial and SPRINT showed that higher office-based TTR was linked to 353 

lower risks of major CV and adverse kidney events.(20) In contrast to the association 354 

between TTR and CV events, the relationship with renal events was non-linear, 355 

suggesting that modest increases in TTR may be sufficient to reduce risk, while further 356 

risk reduction only occurred at high TTR levels.(20) This has been attributed to renal 357 

autoregulation.(20) However, the potential influence of age, sex, comorbidities, and 358 

BP phenotypes (e.g., orthostatic hypotension or autonomic dysfunction) on the 359 

relationship between TTR and clinical outcomes remains to be fully elucidated. In such 360 

populations, mean 24-hour SBP may appear adequate, but significant BP variability, 361 

which is partly captured by 24-hour TTR, could be associated with symptoms and 362 

adverse clinical events.(21) 363 

 364 

Limitations 365 

Some limitations of this study warrant discussion. First, this analysis focused on SBP, 366 

given its superior prognostic value and current guideline emphasis on SBP as the 367 

primary treatment target.(14) Diastolic BP often declines with advancing age due to 368 

arterial stiffening. Second, although ABPM provides more frequent measurements 369 
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than office BP, the number of readings over 24 hours may still be insufficient to 370 

characterize TTR and BP variability in some patients fully.(22) Third, ABPM was 371 

performed only once at baseline, and acute or transient influences during monitoring 372 

could affect the results. Fourth, information on antihypertensive treatment was not 373 

captured during follow-up, limiting the ability to adjust for treatment changes over time. 374 

Fifth, data on symptomatic hypotension at baseline and on potential complications 375 

related to excessive BP lowering, such as symptomatic hypotension, syncope, falls, 376 

or acute kidney injury, were not capture in the Spanish ABPM Registry and therefore 377 

could not be assessed during follow-up. Sixth, the cause of death classification relied 378 

on death certificates, which may underestimate CV mortality due to misclassification. 379 

Seventh, the study cohort consisted exclusively of White individuals from Spain, and 380 

thus, it may not apply to other ethnicities or regions. 381 

 382 

Perspectives 383 

In patients with treated or untreated sustained or masked hypertension, white-coat 384 

uncontrolled hypertension, and controlled hypertension, a higher TTR for SBP, as 385 

measured by ABPM, was independently associated with lower risks of both all-cause 386 

and CV mortality. These associations remained significant even after adjustment for 387 

mean 24-hour SBP and SBP variability. These findings underscore the potential value 388 

of 24-hour TTR as a complementary metric of BP level and variability for risk 389 

stratification in hypertension. Future studies are warranted to determine whether 390 

interventions specifically aimed at increasing 24-hour TTR translate into improved 391 

clinical outcomes and to explore the role of TTR in guiding treatment strategies.  392 
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Novelty and Relevance 504 

What Is New?  505 

 Spending more time within the target range during ambulatory blood pressure 506 

monitoring was associated with lower risks of all-cause and cardiovascular death, 507 

independent of mean blood pressure and its variability. 508 

 This benefit was observed in patients with elevated or well-controlled blood 509 

pressure, but not in those with low levels. 510 

 The association was seen across most hypertension phenotypes, except white-511 

coat uncontrolled hypertension. 512 

What Is Relevant?  513 

 Time in target range provides additional prognostic information beyond mean blood 514 

pressure and variability for mortality risk assessment. 515 

Clinical/Pathophysiological Implications? 516 

 Future studies should evaluate whether interventions that increase time in the 517 

target range lead to improved patient outcomes.  518 
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Figure legends 519 

Figure 1. TTR for SBP during 24-hour ABPM according to age and sex 520 

Associations between age and systolic blood pressure (SBP) time in target range 521 

(TTR) measured by 24-hour ambulatory blood pressure monitoring for the overall 522 

cohort (panel A) and stratified by sex (panel B). Both men (blue) and women (red) 523 

exhibit age-related declines in TTR. Shaded areas represent 95% confidence 524 

intervals. 525 

 526 

Figure 2. Association of TTR for SBP during ABPM and relative risk for all-cause 527 

death  528 

Cox regression analyses were used to examine the association between SBP TTR 529 

and all-cause mortality, adjusted for age, sex, body mass index, number of 530 

antihypertensive medications, history of cardiovascular disease, diabetes, 531 

dyslipidemia, and smoking status (panel A). Solid lines represent adjusted Cox model-532 

estimated hazard ratios across increasing SBP TTR, and shaded areas indicate 95% 533 

confidence intervals. Hazard ratios are expressed relative to the predicted hazard at 534 

a 50% TTR within each subgroup. Analyses were stratified by mean 24-hour SBP 535 

levels (panel B), hypertension phenotype (panel C), and treatment status (panel D). 536 

Interaction between TTR and subgroup was assessed using likelihood-ratio tests by 537 

adding an interaction term to a model containing the adjustment variables, TTR, and 538 

the subgroup. When a significant interaction was identified, subgroup-specific 539 

associations were evaluated, and p-values for TTR were derived by adding TTR to a 540 

model containing the adjustment variables. Asterisks denote statistically significant 541 
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associations (p <0.05) between TTR and all-cause mortality in subgroups with a 542 

significant interaction. 543 

Abbreviations: CH, controlled hypertension; MH, masked hypertension; SH, sustained 544 

hypertension; WCH, white-coat hypertension. 545 

 546 

Figure 3. Association of TTR for SBP during ABPM and relative risk for CV death 547 

Cox regression analyses were used to examine the association between SBP TTR 548 

and CV mortality, adjusted for age, sex, body mass index, number of antihypertensive 549 

medications, history of cardiovascular disease, diabetes, dyslipidemia, and smoking 550 

status (panel A). Solid lines represent adjusted Cox model-estimated hazard ratios 551 

across increasing SBP TTR, and shaded areas indicate 95% confidence intervals. 552 

Hazard ratios are expressed relative to the predicted hazard at a 50% TTR within each 553 

subgroup. Analyses were stratified by mean 24-hour SBP levels (panel B), 554 

hypertension phenotype (panel C), and treatment status (panel D). Interaction 555 

between TTR and subgroup was assessed using likelihood-ratio tests by adding an 556 

interaction term to a model containing the adjustment variables, TTR, and the 557 

subgroup. When a significant interaction was identified, subgroup-specific 558 

associations were evaluated, and p-values for TTR were derived by adding TTR to a 559 

model containing the adjustment variables. Asterisks denote statistically significant 560 

associations (p <0.05) between TTR and CV mortality in subgroups with a significant 561 

interaction. 562 

Abbreviations: CH, controlled hypertension; MH, masked hypertension; SH, sustained 563 

hypertension; WCH, white-coat hypertension.  564 
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Table 1. Baseline characteristics 565 

Variable Statistic 

Number of patients 48687 

Female, n (%) 22215 (45.6) 

Age, years 59.7 (13.6) 

Body mass index, kg/m2 29.1 (4.8) 

Tobacco smoker, n (%) 7591 (15.6) 

Diabetes mellitus, n (%) 10014 (20.6%) 

Dyslipidemia, n (%) 21278 (43.7%) 

History of disease  

  CV disease, n (%) 6961 (14.3%) 

  Left ventricular hypertrophy, n (%) 2840 (5.8%) 

  Heart failure, n (%) 1029 (2.1%) 

  Stroke, n (%) 1972 (4.1%) 

  Chronic kidney disease, n (%) 984 (2.0%) 

Antihypertensive treatment 

Treatment status  

  None, n (%) 13559 (27.8%) 

  Monotherapy, n (%) 12543 (25.8%) 

  Combination therapy, n (%) 22585 (46.4%) 

Number of antihypertensive medications prescribed† 1.5 (1.3) 

Diuretic, n (%) 17282 (35.5%) 

DHP calcium channel blocker, n (%)  10029 (20.6%) 

Non-DHP calcium channel blocker, n (%) 1346 (2.8%) 
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Variable Statistic 

ACE inhibitor, n (%) 11274 (23.2%) 

Angiotensin receptor blocker, n (%) 18945 (38.9%) 

Beta-blocker, n (%) 8736 (17.9%) 

Alpha blocker, n (%) 2656 (5.5%) 

Office BP 

SBP, mmHg 149.5 (18.9) 

DBP, mmHg 87.0 (11.7) 

Pulse rate, bpm 74.4 (14.2) 

Ambulatory BP 

24-h SBP, mmHg 5515 (11.3%) 

  24-h SBP <115 mmHg, n (%) 17541 (36.0%) 

  24-h SBP 115-129 mmHg, n (%) 25631 (52.6%) 

  24-h SBP ≥130 mmHg, n (%) 134.0 (14.1) 

Daytime SBP, mmHg 7378 (15.2%) 

  Daytime SBP <120 mmHg, n (%) 18827 (38.7%) 

  Daytime SBP 120-134 mmHg, n (%) 22482 (46.2%) 

  Daytime SBP ≥135 mmHg, n (%) 122.3 (15.8) 

Nighttime SBP, mmHg 10487 (21.5%) 

  Nighttime SBP <110 mmHg, n (%) 12777 (26.2%) 

  Nighttime SBP 110-119 mmHg, n (%) 25423 (52.2%) 

  Nighttime SBP ≥120 mmHg, n (%) 5515 (11.3%) 

24-h DBP, mmHg 77.3 (10.5) 

Daytime DBP, mmHg 80.1 (11.1) 
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Variable Statistic 

Nighttime DBP, mmHg 69.3 (10.4) 

24-h pulse rate, bpm 71.9 (10.5) 

Daytime pulse rate, bpm 74.6 (11.4) 

Nighttime pulse rate, bpm 65.6 (9.8) 

Data are presented as n (%) or mean (standard deviations). 566 

† Number of antihypertensive medications prescribed represents the mean (standard 567 

deviations) count of antihypertensive medications per patient and does not account 568 

for dose. 569 

Abbreviations: ACE, angiotensin-converting enzyme; BP, blood pressure; CV, 570 

cardiovascular; DBP, diastolic blood pressure; DHP, dihydropyridine; SBP, systolic 571 

blood pressure. 572 

  573 



 29 

Table 2. Association of time in target range for 24-hour SBP and risk for all-574 

cause and CV death 575 

 Model 1* Model 2 

(additionally 

adjusted for mean 

24-hour SBP) 

Model 3 

(additionally 

adjusted for mean 

24-hour SBP and 

SBP variability) 

 HR per 1-SD 

increment (95% 

CI) 

HR per 1-SD 

increment (95% 

CI) 

HR per 1-SD 

increment (95% 

CI) 

All-cause death 0.83 (0.80-0.85) 0.90 (0.87-0.93) 0.91 (0.88-0.94) 

CV death 0.80 (0.76-0.84) 0.91 (0.86-0.97) 0.93 (0.88-0.99) 

Values are hazard ratios (HR) per 1-standard deviation (SD) increment with 95% 576 

confidence intervals. 577 

* Model 1 was adjusted for age, sex, body mass index, number of antihypertensive 578 

medications, previous cardiovascular disease, diabetes, dyslipidemia, and tobacco 579 

smoking status. 580 

Abbreviations: CV, cardiovascular; SBP, systolic blood pressure. 581 


