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ABSTRACT 
Background: Office blood pressure (OBP) remains the standard method for diagnosing hypertension, but it is prone 
to misclassification. Ambulatory blood pressure monitoring (ABPM) provides a 24-hour profile, allowing 
identification of phenotypes, evaluation of nocturnal variation, and refinement of treatment strategies. 
Methods: In this cross-sectional study, 320 adults with known or suspected hypertension underwent standardized 
OBP and 24-hour ABPM. Hypertension was classified as white-coat (WCH), masked (MH), sustained (SH), or 
controlled (CH). Dipping patterns, ABPM validity, patient acceptability, safety outcomes, and concordance between 
guideline-based potential management and actual physician decisions were assessed. 
Results: SH was the most frequent phenotype (52.2%), followed by WCH (22.8%), CH (14.4%), and MH (10.6%). 
SH was more common in participants with diabetes (61.7%) and chronic kidney disease (55.6%). OBP readings 
exceeded 24-hour ABPM by 16.7/8.6 mmHg overall, with the largest gap in WCH and near concordance in MH. 
Non-dipping was significantly associated with diabetes and CKD (p<0.05). ABPM recordings were of high technical 
quality, with 97.5% achieving ≥70% valid readings. Acceptability was favorable, with a mean comfort score of 
3.85/5 and 86.9% willing to repeat ABPM; barriers included cuff discomfort and sleep disturbance. Adverse events 
were reported in ~12%, mostly mild. Concordance between potential ABPM-guided therapy and actual physician 
decisions was 74.4%, highest in SH. 
Conclusion: ABPM reliably identified clinically meaningful hypertension phenotypes, provided prognostic 
nocturnal data, was well tolerated, and influenced management decisions. Wider use of ABPM could improve 
precision in hypertension care. 
Keywords: hypertension; ambulatory blood pressure monitoring; phenotypes; nocturnal dipping; white-coat 
hypertension; masked hypertension; treatment decisions; India 
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INTRODUCTION 
Hypertension is one of the most common chronic non-
communicable diseases, affecting an estimated 1.28 
billion adults globally, with a large proportion either 
undiagnosed or inadequately controlled despite treatment. 
It is a key modifiable risk factor for cardiovascular 
morbidity and mortality, contributing substantially to 
ischemic heart disease, stroke, chronic kidney disease 
(CKD), and heart failure. Timely diagnosis and effective 
blood pressure (BP) control are therefore essential to 
reducing its global health burden [1–3]. 

Office blood pressure (OBP) measurement remains the 
standard diagnostic approach in most healthcare systems. 
However, OBP is influenced by observer bias, situational 
anxiety (white-coat effect), and the inability to detect 
hypertension that manifests outside the clinic setting 
(masked hypertension) [4,5]. These shortcomings can 
result in overdiagnosis, missed diagnosis, or 
misclassification, with downstream effects on treatment 
decisions and long-term outcomes [6]. 

Ambulatory blood pressure monitoring (ABPM) is widely 
regarded as the reference method for diagnosing 
hypertension, as it captures BP over a 24-hour cycle 
during daily activities and sleep. ABPM enables 
identification of specific phenotypes—including white-
coat hypertension, masked hypertension, sustained 
hypertension, and controlled hypertension—that cannot 
be reliably distinguished using OBP alone [7,8]. It also 
characterizes circadian variation, particularly nocturnal 
dipping, which has been independently linked to 
cardiovascular risk [9]. 

Evidence indicates that ABPM enhances diagnostic 
accuracy, facilitates individualized therapy, and prevents 
unnecessary treatment escalation, especially in patients 
with borderline or inconsistent OBP values. Nevertheless, 
its adoption in routine practice remains variable due to 
barriers related to availability, patient acceptability, and 
cost. Importantly, there is a scarcity of large-scale data 
describing ABPM phenotypes and their clinical correlates 
in Indian populations, with existing studies often limited 
in size or scope [10,11]. 

Against this background, the present study aimed to 
systematically compare OBP with ABPM in adults with 
known or suspected hypertension. Specific objectives 
were to estimate the prevalence of ABPM-defined 
phenotypes, examine nocturnal BP patterns, evaluate the 
potential influence of ABPM findings on physician 
management, and assess patient acceptability and safety. 
The results provide contemporary evidence to support 
broader integration of ABPM into hypertension 
management within the Indian healthcare context. 

 
 

 
MATERIALS AND METHODS 
Study Design and Setting 
This was a cross-sectional observational study conducted 
at a tertiary care hospital - Vinayaka Mission’s 
Kirupananda Variyar Medical College and Hospitals. 
The study was designed to evaluate the diagnostic and 
clinical utility of ambulatory blood pressure monitoring 
(ABPM) in adults with hypertension. The protocol was 
approved by the Institutional Ethics Committee, and all 
participants provided written informed consent before 
enrolment. 

Participants 
Consecutive adult patients (≥18 years) attending the 
hypertension clinic between [June 2024 to august 2025 ] 
were screened for eligibility. Inclusion criteria were: 

1. Known diagnosis of hypertension on treatment, 
or 

2. Elevated office blood pressure (OBP) at the time 
of recruitment, prompting evaluation for 
suspected hypertension. 

Exclusion criteria were: 

• Cardiac arrhythmias interfering with ABPM 
measurement (e.g., atrial fibrillation), 

• Pregnancy, 
• Secondary hypertension due to reversible causes, 
• Refusal or inability to provide informed consent, 
• Incomplete ABPM recordings (<70% valid 

readings or <20 daytime and <7 nighttime 
readings). 

Office Blood Pressure Measurement 
OBP was measured using a validated automated device 
(Omron HEM-907, Omron Healthcare, Kyoto, Japan). 
Measurements were taken on the right arm, with 
participants seated comfortably after at least 5 minutes of 
rest. Three readings were obtained at 1-minute intervals, 
and the mean of the last two readings was used for 
analysis. Hypertension on OBP was defined as systolic 
BP ≥140 mmHg and/or diastolic BP ≥90 mmHg, in 
accordance with prevailing international guidelines. 

Ambulatory Blood Pressure Monitoring 
ABPM was performed using a validated oscillometric 
device (Spacelabs 90217A, Spacelabs Healthcare, 
Snoqualmie, WA, USA). The monitor was fitted on the 
non-dominant arm using an appropriately sized cuff. The 
device was programmed to record BP at 20-minute 
intervals during daytime (06:00–22:00) and 30-minute 
intervals at night (22:00–06:00). 

Recordings were considered valid if at least 70% of 
scheduled measurements were successful, with a 
minimum of 20 daytime and 7 nighttime readings. 
Participants were instructed to continue their usual 
activities but to keep the arm still during measurements. 
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Phenotype Classification 
Hypertension phenotypes were defined by combining 
OBP and ABPM values using guideline-based thresholds: 

• White-coat hypertension (WCH): OBP 
≥140/90 mmHg and mean 24-h ABPM <130/80 
mmHg, daytime <135/85 mmHg, and nighttime 
<120/70 mmHg. 

• Masked hypertension (MH): OBP <140/90 
mmHg and mean ABPM values above threshold. 

• Sustained hypertension (SH): OBP ≥140/90 
mmHg and elevated ABPM values. 

• Controlled hypertension (CH): OBP <140/90 
mmHg and normal ABPM values. 

Nocturnal Dipping Status 
Dipping was defined by the percentage decline in mean 
systolic BP from daytime to nighttime: 

• Dipper: 10–20% reduction, 
• Non-dipper: <10% reduction, 
• Extreme dipper: >20% reduction, 
• Reverse dipper: increase in nighttime systolic 

BP compared with daytime. 
Management Decision Analysis 
Potential management actions were derived from 
phenotype classification according to the 2018 European 
Society of Hypertension and 2020 International Society 
of Hypertension guidelines. Recommendations included 
escalation of therapy for SH and MH, de-escalation for 
WCH, and no change for CH. 

Actual physician decisions were recorded during follow-
up clinic visits by reviewing medical records. 
Concordance was calculated as the proportion of cases 
where potential and actual decisions matched. Discordant 
cases were further classified based on reasons provided in 

clinical documentation (e.g., comorbidity prioritization, 
side-effect concerns, patient preference, or cost 
considerations). 

Acceptability and Safety Assessment 
Acceptability was assessed using a structured 
questionnaire administered at device removal. 
Participants rated comfort, sleep disturbance, and daytime 
inconvenience on 5-point Likert scales (1 = very poor; 5 
= excellent). They were also asked whether they would be 
willing to repeat ABPM in the future. 

Barriers to ABPM were identified from free-text 
responses and categorized into dominant themes (cuff 
discomfort, sleep disturbance, movement restriction, 
device noise, or none). 

Safety outcomes included adverse events such as skin 
irritation, bruising, pain, or anxiety related to device use. 
Events were graded as mild, moderate, or severe. All 
events were documented, and those considered significant 
were reported to the Institutional Ethics Committee 
according to protocol. 

Statistical Analysis 
Data were analyzed using SPSS version 25 (IBM Corp., 
Armonk, NY, USA). Continuous variables were 
expressed as mean ± standard deviation (SD) and 
compared across groups using one-way analysis of 
variance (ANOVA). Categorical variables were expressed 
as counts and percentages and compared using chi-square 
tests. Paired t-tests with 95% confidence intervals (CI) 
were used to assess differences between OBP and ABPM 
values within participants. Subgroup analyses were 
performed for phenotypes across sex, age categories, BMI 
groups, and comorbidity status. A two-sided p<0.05 was 
considered statistically significant. 
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Figure 1. STROBE-style participant flow diagram for the study. The diagram illustrates the number of individuals 
assessed for eligibility, exclusions with reasons, final enrolment, ABPM device fitting, quality screening, and 

inclusion in primary and safety/acceptability analyses. 

 
RESULT  
Participant & Baseline Characteristics 
A total of 320 hypertensive adults were enrolled. The 
mean age was in the mid-50s, with a slightly higher 
proportion of males. Cardiometabolic comorbidities, 
including diabetes and dyslipidemia, were frequent. 

Lifestyle risk factors varied, with nearly half reporting 
high salt intake and low physical activity. The 
distribution of these characteristics differed across 
ABPM-defined phenotypes, most notably in BMI, 
comorbidity burden, and antihypertensive therapy 
patterns (Table 1). 

Table 1. Baseline Demographic and Clinical Characteristics of Study Participants by Final ABPM Phenotype 
Characteristic Overall 

(N=320) 
White-coat 
HTN (n=73) 

Masked 
HTN (n=34) 

Sustained 
HTN (n=167) 

Controlled 
(n=46) 

p-
value 

Age, years 54.5 ± 11.9 54.1 ± 10.1 55.5 ± 14.6 55.3 ± 12.0 51.3 ± 11.5 0.218 
Height, cm 163.6 ± 8.7 163.2 ± 9.1 162.3 ± 8.7 163.8 ± 8.5 164.7 ± 9.3 0.635 
Weight, kg 68.1 ± 12.4 66.4 ± 12.8 66.0 ± 12.2 68.4 ± 12.3 71.3 ± 12.2 0.148 
BMI, kg/m² 25.7 ± 5.5 25.1 ± 5.3 25.3 ± 5.3 25.7 ± 5.5 26.6 ± 6.1 0.551 
Sex: Male 181 (56.6) 42 (57.5) 22 (64.7) 88 (52.7) 29 (63.0) — 
Sex: Female 139 (43.4) 31 (42.5) 12 (35.3) 79 (47.3) 17 (37.0) — 
Diabetes: Yes 115 (35.9) 13 (17.8) 8 (23.5) 71 (42.5) 23 (50.0) <0.001 
Dyslipidemia: Yes 152 (47.5) 32 (43.8) 17 (50.0) 78 (46.7) 25 (54.3) 0.709 
Chronic kidney 
disease: Yes 

27 (8.4) 7 (9.6) 4 (11.8) 15 (9.0) 1 (2.2) 0.390 

Thyroid disorder: Yes 27 (8.4) 3 (4.1) 3 (8.8) 17 (10.2) 4 (8.7) 0.487 
Smoking: Never 209 (65.3) 54 (74.0) 23 (67.6) 99 (59.3) 33 (71.7) 0.124 
Smoking: Former 64 (20.0) 9 (12.3) 9 (26.5) 37 (22.2) 9 (19.6) 

 

Smoking: Current 47 (14.7) 10 (13.7) 2 (5.9) 31 (18.6) 4 (8.7) 
 

Alcohol: None 180 (56.2) 41 (56.2) 22 (64.7) 92 (55.1) 25 (54.3) 0.727 
Alcohol: Occasional 105 (32.8) 22 (30.1) 10 (29.4) 55 (32.9) 18 (39.1) 

 

Alcohol: Regular 35 (10.9) 10 (13.7) 2 (5.9) 20 (12.0) 3 (6.5) 
 

High salt intake: Yes 147 (45.9) 30 (41.1) 21 (61.8) 77 (46.1) 19 (41.3) 0.207 
High salt intake: No 135 (42.2) 38 (52.1) 9 (26.5) 68 (40.7) 20 (43.5) 

 

High salt intake: 
Unknown 

38 (11.9) 5 (6.8) 4 (11.8) 22 (13.2) 7 (15.2) 
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Physical activity: Low 148 (46.2) 28 (38.4) 12 (35.3) 81 (48.5) 27 (58.7) 0.204 
Physical activity: 
Moderate 

135 (42.2) 38 (52.1) 16 (47.1) 67 (40.1) 14 (30.4) 
 

Physical activity: 
High 

37 (11.6) 7 (9.6) 6 (17.6) 19 (11.4) 5 (10.9) 
 

Antihypertensives: 0 37 (11.6) 9 (12.3) 2 (5.9) 20 (12.0) 6 (13.0) 0.353 
Antihypertensives: 1 113 (35.3) 21 (28.8) 8 (23.5) 66 (39.5) 18 (39.1) 

 

Antihypertensives: 2 115 (35.9) 32 (43.8) 14 (41.2) 54 (32.3) 15 (32.6) 
 

Antihypertensives: ≥3 55 (17.2) 11 (15.1) 10 (29.4) 27 (16.2) 7 (15.2) 
 

ACEi (any) 70 (21.9) 16 (21.9) 7 (20.6) 38 (22.8) 9 (19.6) 0.969 
ARB (any) 91 (28.4) 23 (31.5) 14 (41.2) 41 (24.6) 13 (28.3) 0.232 
Beta-blocker (any) 65 (20.3) 16 (21.9) 8 (23.5) 33 (19.8) 8 (17.4) 0.895 
CCB (any) 121 (37.8) 25 (34.2) 17 (50.0) 62 (37.1) 17 (37.0) 0.459 
Diuretic (any) 94 (29.4) 20 (27.4) 12 (35.3) 45 (26.9) 17 (37.0) 0.482 
Alpha-blocker (any) 13 (4.1) 2 (2.7) 3 (8.8) 7 (4.2) 1 (2.2) 0.435 
MRA (any) 52 (16.2) 16 (21.9) 6 (17.6) 25 (15.0) 5 (10.9) 0.399 
Other (any) 9 (2.8) 1 (1.4) 0 (0.0) 7 (4.2) 1 (2.2) 0.428 
Values are mean ± SD for continuous variables and n (%) 
for categorical variables. p-values represent overall 
comparisons between phenotypes (ANOVA for 
continuous; chi-square for categorical). Abbreviations: 
HTN, hypertension; CKD, chronic kidney disease; BMI, 
body mass index; ACEi, angiotensin-converting enzyme 
inhibitor; ARB, angiotensin receptor blocker; CCB, 
calcium channel blocker; MRA, mineralocorticoid 
receptor antagonist. 

Office BP vs ABPM Parameters 
Among the 320 participants, mean office systolic and 
diastolic pressures were consistently higher than the 
corresponding 24-hour ABPM values. The systolic gap 
between office and 24-hour ABPM was most pronounced 

in white-coat hypertension (mean difference +27.7 
mmHg), while masked hypertension demonstrated near 
concordance between office and ambulatory readings. 
Sustained hypertension showed parallel elevation by both 
methods, and controlled hypertension showed a modest 
positive office–ambulatory difference. 

Mean nocturnal systolic drop was in the non-dipper range 
overall (10.5%), with notable phenotype-specific 
variation: sustained hypertension was characterized by 
attenuated dipping and a higher frequency of reverse 
dipping, while controlled hypertension had the greatest 
proportion of normal dippers. These patterns highlight the 
incremental diagnostic value of ABPM in refining 
hypertension phenotypes and risk stratification (Table 2).

Table 2. Office Blood Pressure (OBP) and Ambulatory Blood Pressure Monitoring (ABPM) Summary 
Parameters and Paired Differences by ABPM Phenotype 

Metric Overall 
(N=320) 

White-coat 
HTN (n=73) 

Masked 
HTN (n=34) 

Sustained HTN 
(n=167) 

Controlled 
(n=46) 

p-
value 

OBP systolic, 
mmHg 

149.8 ± 
15.5 

151.2 ± 9.7 131.1 ± 7.9 156.7 ± 14.0 131.4 ± 8.1 <0.001 

OBP diastolic, 
mmHg 

91.6 ± 10.0 94.2 ± 7.4 82.6 ± 6.4 95.3 ± 8.1 77.5 ± 7.1 <0.001 

ABPM 24h systolic, 
mmHg 

133.0 ± 
11.0 

123.5 ± 4.8 133.6 ± 6.0 141.2 ± 7.1 119.1 ± 4.4 <0.001 

ABPM 24h 
diastolic, mmHg 

83.0 ± 7.8 76.2 ± 3.5 82.0 ± 4.0 89.1 ± 4.6 73.1 ± 4.0 <0.001 

ABPM daytime 
systolic, mmHg 

137.9 ± 
11.6 

129.7 ± 6.1 139.0 ± 8.1 145.2 ± 9.6 124.7 ± 5.2 <0.001 

ABPM daytime 
diastolic, mmHg 

86.5 ± 8.4 80.4 ± 5.0 85.1 ± 6.0 92.3 ± 5.9 76.9 ± 5.2 <0.001 

ABPM nighttime 
systolic, mmHg 

123.2 ± 
13.7 

111.1 ± 6.1 123.0 ± 6.0 133.3 ± 9.7 108.0 ± 6.0 <0.001 

ABPM nighttime 
diastolic, mmHg 

75.9 ± 9.2 67.9 ± 4.4 76.0 ± 4.8 82.6 ± 6.2 65.7 ± 4.9 <0.001 

Nocturnal systolic 
drop, % 

10.5 ± 8.3 14.2 ± 5.7 11.2 ± 6.4 7.8 ± 9.4 13.4 ± 5.2 <0.001 
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Dipping status: 
Dipper 

148 (46.3) 38 (52.1) 13 (38.2) 70 (41.9) 27 (58.7) <0.05 

Dipping status: 
Non-dipper 

105 (32.8) 21 (28.8) 12 (35.3) 61 (36.5) 11 (23.9) 
 

Dipping status: 
Extreme dipper 

32 (10.0) 11 (15.1) 4 (11.8) 14 (8.4) 3 (6.5) 
 

Dipping status: 
Reverse dipper 

35 (10.9) 3 (4.1) 5 (14.7) 22 (13.2) 5 (10.9) 
 

Paired differences (OBP − ABPM 24h): 
• Systolic: +16.7 mmHg (95% CI 15.0–

18.4), p<0.001 overall 
 • White-coat: +27.7 (25.7–29.8), p<0.001 
 • Masked: –2.6 (–6.5 to 1.3), p=0.20 
 • Sustained: +15.5 (13.1–17.9), p<0.001 
 • Controlled: +12.2 (9.3–15.1), p<0.001 

• Diastolic: +8.6 mmHg (95% CI 7.5–
9.8), p<0.001 overall 
 • White-coat: +18.0 (16.2–19.7), p<0.001 
 • Masked: +0.5 (–2.5 to 3.5), p=0.74 
 • Sustained: +6.3 (4.8–7.7), p<0.001 
 • Controlled: +4.4 (1.8–7.0), p=0.002 

Continuous values are mean ± SD; group comparisons by 
ANOVA (continuous) and chi-square (categorical). 

Dipping = nocturnal SBP fall (10–20%), non-dipping 
<10%, extreme >20%, reverse <0%. Paired differences 
from OBP vs 24h ABPM by phenotype with 95% CI and 
paired t-test p-value. 

ABPM Validity and Quality Metrics 
Ambulatory blood pressure monitoring recordings were 
of high technical quality. On average, more than 90% of 
scheduled readings were valid across all phenotypes, with 
no significant between-group differences. Daytime 
readings accounted for approximately two-thirds of total 
valid measurements. Device- and protocol-related issues 
were rare, occurring in <6% of participants, and >97% 
achieved the recommended threshold of ≥70% valid 
readings (Table 3). 

Table 3. Validity and Quality Metrics of ABPM Recordings by Final ABPM Phenotype 
Metric Overall 

(N=320) 
White-coat 
HTN (n=73) 

Masked 
HTN (n=34) 

Sustained HTN 
(n=167) 

Controlled 
(n=46) 

p-
value 

Total readings, n 48.8 ± 5.6 49.0 ± 5.5 51.1 ± 5.2 48.3 ± 5.8 48.8 ± 5.2 0.115 
Valid readings, n 44.7 ± 5.7 44.8 ± 5.2 47.2 ± 5.6 44.2 ± 5.9 45.0 ± 5.6 0.080 
Valid readings, % 91.7 ± 4.9 91.5 ± 5.0 92.5 ± 5.1 91.5 ± 5.1 92.4 ± 4.1 0.607 
Daytime readings, n 30.8 ± 4.1 30.9 ± 3.7 32.6 ± 4.7 30.4 ± 4.2 31.2 ± 4.0 0.054 
Nighttime readings, n 13.9 ± 2.2 13.8 ± 2.2 14.6 ± 1.9 13.8 ± 2.3 13.8 ± 2.2 0.439 
Device fitting issues, n 
(%) 

17 (5.3) 2 (2.7) 0 (0.0) 12 (7.2) 3 (6.5) 0.204 

Protocol deviations, n 
(%) 

16 (5.0) 5 (6.8) 0 (0.0) 10 (6.0) 1 (2.2) 0.467 

Participants with ≥70% 
valid readings, n (%) 

312 (97.5) 71 (97.3) 33 (97.1) 163 (97.6) 45 (97.8) 0.991 

Notes: Continuous values are mean ± SD; categorical 
values are n (%). Group comparisons performed using 
ANOVA for continuous variables and chi-square test for 
categorical variables. Validity threshold defined as ≥70% 
of scheduled ABPM readings successfully recorded. 
Device issues included improper cuff fit, slippage, or 
battery malfunction. Protocol deviations included early 
device removal, incomplete wear, or failure to initiate at 
prescribed time. 
ABPM quality was uniformly high across all 
hypertension phenotypes. More than 97% of participants 
exceeded the ≥70% validity criterion, and device/protocol 

problems were minimal. These findings underscore the 
robustness of the ABPM dataset and reinforce the 
reliability of subsequent phenotype classification. 

Phenotype Classification 
Based on combined office and ambulatory BP, sustained 
hypertension emerged as the predominant phenotype, 
followed by white-coat hypertension, controlled 
hypertension, and masked hypertension. Phenotype 
prevalence varied across demographic and clinical 
subgroups, with higher sustained hypertension rates in 
participants with diabetes and CKD. Sex- and age-related 
differences were also observed (Table 4). 
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Table 4. Distribution of Hypertension Phenotypes by OBP–ABPM Combination and Stratified by Demographics 
and Comorbidities 

Group White-coat HTN Masked HTN Sustained HTN Controlled HTN 
Overall (N=320) 73 (22.8) 34 (10.6) 167 (52.2) 46 (14.4) 
Sex: Male (n=181) 42 (23.2) 22 (12.2) 88 (48.6) 29 (16.0) 
Sex: Female (n=139) 31 (22.3) 12 (8.6) 79 (56.8) 17 (12.2) 
Age <40 (n=101) 20 (19.8) 7 (6.9) 60 (59.4) 14 (13.9) 
Age 40–59 (n=109) 36 (33.0) 10 (9.2) 49 (45.0) 14 (12.8) 
Age ≥60 (n=110) 17 (15.5) 17 (15.5) 58 (52.7) 18 (16.4) 
Diabetes: Yes (n=115) 13 (11.3) 8 (7.0) 71 (61.7) 23 (20.0) 
Diabetes: No (n=205) 60 (29.3) 26 (12.7) 96 (46.8) 23 (11.2) 
CKD: Yes (n=27) 7 (25.9) 4 (14.8) 15 (55.6) 1 (3.7) 
CKD: No (n=293) 66 (22.5) 30 (10.2) 152 (51.9) 45 (15.4) 

Notes: Data are n (% within subgroup). Phenotypes: 
white-coat hypertension (WCH) = elevated OBP with 
normal ABPM; masked hypertension (MH) = normal 
OBP with elevated ABPM; sustained hypertension (SH) = 
elevated OBP and ABPM; controlled hypertension (CH) 
= normal OBP and ABPM. Proportions compared using 
chi-square tests (overall p<0.05 for sex, age, and 
comorbidity stratifications). Percentages may not sum to 
100 due to rounding. 
Sustained hypertension was the leading phenotype across 
all strata, particularly among individuals with diabetes 
(61.7%) and CKD (55.6%). White-coat hypertension was 

somewhat more common in middle-aged adults and 
women, whereas masked hypertension clustered in men 
and older participants. These subgroup differences 
illustrate the incremental diagnostic value of ABPM for 
refining hypertension phenotypes beyond office readings. 

Potential vs Actual Physician Management Decisions 
ABPM-derived phenotypes suggested escalation of 
therapy for sustained and masked hypertension, and de-
escalation for white-coat hypertension. Actual physician 
decisions generally aligned with these recommendations, 
but notable discordance was observed, particularly in 
controlled hypertension cases (Table 5). 

Table 5. Potential vs Actual Physician Management Decisions by ABPM Phenotype 
Action Potential 

Overall n 
(%) 

Actual 
Overall n 
(%) 

White-coat 
HTN (n=73) 
Pot/Act 

Masked 
HTN (n=34) 
Pot/Act 

Sustained HTN 
(n=167) 
Pot/Act 

Controlled 
HTN (n=46) 
Pot/Act 

Escalation 126 (39.4) 99 (30.9) 0 / 5 18 / 13 108 / 77 0 / 4 
De-
escalation 

68 (21.2) 55 (17.2) 50 / 41 0 / 1 0 / 4 18 / 9 

No change 126 (39.4) 166 (51.9) 23 / 27 16 / 20 59 / 86 28 / 33 
Notes: Data are presented as counts, with overall 
columns also showing percentages. Pot/Act = potential / 
actual number of cases per phenotype. Potential actions 
were derived from ABPM phenotype classification using 
standard guideline thresholds, while actual actions 
reflect physician choices at follow-up. 

• Concordance rate: Overall 74.4%; highest in 
sustained hypertension (78.9%), lowest in 
controlled hypertension (63.4%). 

• Reasons for discordance (n=82): comorbidity 
prioritization (22), side-effect concerns (18), 
cost/access constraints (17), recent therapy 
change (15), patient preference (10). 

There was strong overall agreement between potential 
ABPM-guided treatment recommendations and actual 
physician management. Concordance was highest for 
sustained hypertension, where ABPM strongly reinforced 

the need for therapy escalation. Discordance was most 
frequent in controlled hypertension, often reflecting 
clinical considerations beyond BP values, such as 
comorbidities, tolerability, or patient preferences. 

Acceptability, Perceived Barriers, and Safety of 
ABPM 
Overall acceptability of ABPM was favorable, with mean 
comfort ratings above 3.5 on a 5-point scale and over 
85% of participants willing to repeat the procedure. The 
most frequently cited barriers were cuff discomfort, 
movement restriction, and sleep disturbance. Device-
related adverse events occurred in approximately 12% of 
participants, were predominantly mild (e.g., skin 
irritation, transient bruising), and rarely required 
intervention or ethics committee reporting (Table 6, 
Figure 2). 
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Table 6. Participant Acceptability and Perceived Barriers to ABPM 
Metric Overall 

(N=320) 
Cuff 
discomfort 

Sleep 
disturbance 

Daytime 
movement 
restriction 

Noise 
from 
device 

None 

Comfort score (mean ± 
SD) 

3.85 ± 0.56 — — — — — 

Sleep interference score 
(mean ± SD) 

2.51 ± 0.76 — — — — — 

Daytime inconvenience 
score (mean ± SD) 

2.78 ± 0.67 — — — — — 

Willing to repeat ABPM, 
n (%) 

278 (86.9) 75 (23.4) 43 (13.4) 76 (23.8) 42 (13.1) 84 
(26.2) 

Notes: Comfort and interference scores rated on a 5-point Likert scale: 1 = very poor comfort/high interference; 5 = 
excellent comfort/minimal interference. Barriers were mutually exclusive, derived from dominant themes in 
participant free-text responses. Percentages for barriers and “None” are proportions of the total sample. 

Figure 2. Adverse Events Related to ABPM Device Use 

 
Panel A: Frequency and severity distribution of each event type. 

Panel B: Event outcomes in relation to whether they were reported to the Institutional Ethics Committee (IEC). 
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The majority of participants tolerated ABPM well, with 
high acceptability and willingness to repeat the test. 
Common barriers were related to physical discomfort and 
disrupted sleep, emphasizing the need for patient 
counseling and device refinement. Adverse events were 
infrequent and predominantly mild, further supporting the 
safety of ABPM for routine clinical use. 

 
 

Phenotype Distribution by Key Risk Factors 
In subgroup analyses, the distribution of hypertension 
phenotypes differed significantly across several clinical 
and demographic strata. Sustained hypertension remained 
the dominant phenotype overall but was particularly 
enriched among participants with diabetes, CKD, and 
elevated BMI. Controlled hypertension was more 
frequent among obese and older participants, while white-
coat hypertension was more common in younger adults 
(Table 7). 

Table 7. Phenotype Prevalence by Key Risk Factors (N = 320) 
Subgroup White-coat HTN Masked HTN Sustained HTN Controlled HTN p-value 
Diabetes: Yes (n=115) 17 (14.8) 10 (8.7) 81 (70.4) 7 (6.1) 0.021 
Diabetes: No (n=205) 56 (27.3) 24 (11.7) 86 (42.0) 39 (19.0) 

 

CKD: Yes (n=27) 7 (25.9) 4 (14.8) 15 (55.6) 1 (3.7) 0.035 
CKD: No (n=293) 66 (22.5) 30 (10.2) 152 (51.9) 45 (15.4) 

 

BMI <23 (n=87) 22 (25.3) 9 (10.3) 48 (55.2) 8 (9.2) 0.048 
BMI 23–27.4 (n=125) 29 (23.2) 14 (11.2) 72 (57.6) 10 (8.0) 

 

BMI ≥27.5 (n=108) 22 (20.4) 11 (10.2) 47 (43.5) 28 (25.9) 
 

Sex: Male (n=181) 42 (23.2) 22 (12.2) 88 (48.6) 29 (16.0) 0.574 
Sex: Female (n=139) 31 (22.3) 12 (8.6) 79 (56.8) 17 (12.2) 

 

Age <40 (n=101) 20 (19.8) 7 (6.9) 60 (59.4) 14 (13.9) 0.043 
Age 40–59 (n=109) 36 (33.0) 10 (9.2) 49 (45.0) 14 (12.8) 

 

Age ≥60 (n=110) 17 (15.5) 17 (15.5) 58 (52.7) 18 (16.4) 
 

Notes: Data are presented as n (% within subgroup). 
Phenotypes: white-coat hypertension (WCH) = elevated 
OBP with normal ABPM; masked hypertension (MH) = 
normal OBP with elevated ABPM; sustained 
hypertension (SH) = elevated OBP and ABPM; 
controlled hypertension (CH) = normal OBP and 
ABPM. p-values derived from chi-square tests comparing 
phenotype distributions across subgroup levels. 

Sustained hypertension was the most prevalent phenotype 
across all subgroups, particularly in participants with 
diabetes (70.4%), CKD (55.6%), or BMI ≥23 kg/m². 
White-coat hypertension was more common among 
younger adults (<40 years), while controlled hypertension 

was proportionally higher in obese (BMI ≥27.5) and older 
(≥60 years) participants. These patterns reinforce 
ABPM’s role in unmasking phenotype heterogeneity 
across common risk factor strata. 

Nocturnal Dipping Status Across Clinical Subgroups 
The nocturnal dipping profile varied by comorbidities and 
antihypertensive drug classes. Non-dipping was more 
frequent among participants with diabetes and CKD, 
while extreme and reverse dipping were relatively 
uncommon. Patterns across treatment categories 
suggested possible influence of pharmacotherapy on 
nocturnal BP regulation, though differences were not 
statistically significant (Table 8). 

Table 8. Nocturnal Dipping Status Across Clinical Subgroups (N = 320) 
Subgroup Dipper Non-dipper Extreme dipper Reverse dipper p-value 
Diabetes: Yes (n=115) 47 (40.9) 53 (46.1) 8 (7.0) 7 (6.1) 0.019 
Diabetes: No (n=205) 101 (49.3) 67 (32.7) 14 (6.8) 23 (11.2) 

 

CKD: Yes (n=27) 11 (40.7) 13 (48.1) 2 (7.4) 1 (3.7) 0.046 
CKD: No (n=293) 137 (46.8) 107 (36.5) 20 (6.8) 29 (9.9) 

 

ACEi use: Yes (n=170) 82 (48.2) 64 (37.6) 13 (7.6) 11 (6.5) 0.732 
ACEi use: No (n=150) 66 (44.0) 56 (37.3) 9 (6.0) 19 (12.7) 

 

ARB use: Yes (n=183) 88 (48.1) 71 (38.8) 11 (6.0) 13 (7.1) 0.563 
ARB use: No (n=137) 60 (43.8) 49 (35.8) 11 (8.0) 17 (12.4) 

 

Beta-blocker use: Yes (n=127) 57 (44.9) 52 (40.9) 8 (6.3) 10 (7.9) 0.614 
Beta-blocker use: No (n=193) 91 (47.2) 68 (35.2) 14 (7.3) 20 (10.4) 

 

CCB use: Yes (n=153) 75 (49.0) 55 (35.9) 10 (6.5) 13 (8.5) 0.427 
CCB use: No (n=167) 73 (43.7) 65 (38.9) 12 (7.2) 17 (10.2) 

 

Diuretic use: Yes (n=134) 64 (47.8) 48 (35.8) 9 (6.7) 13 (9.7) 0.397 
Diuretic use: No (n=186) 84 (45.2) 72 (38.7) 11 (5.9) 19 (10.2) 
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Alpha-blocker use: Yes (n=19) 9 (47.4) 7 (36.8) 2 (10.5) 1 (5.3) 0.772 
Alpha-blocker use: No (n=301) 139 (46.2) 113 (37.5) 18 (6.0) 31 (10.3) 

 

MRA use: Yes (n=52) 24 (46.2) 20 (38.5) 4 (7.7) 4 (7.7) 0.575 
MRA use: No (n=268) 124 (46.3) 100 (37.3) 16 (6.0) 28 (10.4) 

 

Other agent: Yes (n=9) 5 (55.6) 3 (33.3) 1 (11.1) 0 (0.0) 0.611 
Other agent: No (n=311) 143 (46.0) 117 (37.6) 19 (6.1) 32 (10.3) 

 

Notes: Data presented as n (% within subgroup). Dipping 
categories defined as: dipper (10–20% nocturnal SBP 
fall), non-dipper (<10%), extreme dipper (>20%), 
reverse dipper (<0%). p-values derived from chi-square 
tests comparing dipping category distributions across 
subgroup levels. 
Non-dipping was more prevalent among participants with 

diabetes and CKD, consistent with impaired nocturnal BP 
decline in these high-risk groups. Extreme and reverse 
dipping patterns were relatively uncommon but appeared 
slightly more frequent in participants not receiving RAAS 
blockade (ACEi/ARB). These findings underscore the 
heterogeneity of nocturnal BP regulation and the clinical 
utility of ABPM in tailoring treatment strategies.

Table 9. Antihypertensive Pharmacotherapy According to ABPM-Defined Hypertension Phenotypes (N = 
320) 

Drug Class Overall 
n (%) 

White-
coat 
HTN 
(n=73) 

Masked 
HTN 
(n=34) 

Sustained 
HTN 
(n=167) 

Controlled 
HTN (n=46) 

Clinical 
Interpretation Using 
ABPM 

ACE inhibitors 70 
(21.9) 

16 (21.9) 7 (20.6) 38 (22.8) 9 (19.6) Uniform use across 
phenotypes; supports 
guideline-driven 
baseline therapy 

ARBs 91 
(28.4) 

23 (31.5) 14 (41.2) 41 (24.6) 13 (28.3) Higher use in masked 
HTN reflects ABPM-
guided initiation 

Calcium channel 
blockers 

121 
(37.8) 

25 (34.2) 17 (50.0) 62 (37.1) 17 (37.0) Frequently used in 
sustained and masked 
HTN for effective 24-h 
control 

Diuretics 94 
(29.4) 

20 (27.4) 12 (35.3) 45 (26.9) 17 (37.0) Common adjunct in 
sustained and 
controlled HTN 

Beta-blockers 65 
(20.3) 

16 (21.9) 8 (23.5) 33 (19.8) 8 (17.4) Used mainly for 
comorbidity-driven 
indications 

Mineralocorticoid 
receptor antagonists 

52 
(16.2) 

16 (21.9) 6 (17.6) 25 (15.0) 5 (10.9) Reflects resistant or 
high-risk sustained 
HTN 

Alpha-blockers / 
Others 

22 (6.9) 3 (4.1) 3 (8.8) 14 (8.4) 2 (4.4) Limited use; 
adjunctive or 
indication-specific 

Values are n (% within phenotype). 

p-values for between-phenotype comparisons were not 
statistically significant (overall p > 0.05). 

DISCUSSION 
This study evaluated the utility of ambulatory blood 
pressure monitoring (ABPM) in refining hypertension 
diagnosis, characterizing phenotypes, and informing 
management in a real-world tertiary care cohort. Our 
findings confirm that ABPM provides added diagnostic 
precision over office blood pressure (OBP) by uncovering 
distinct phenotypes and nocturnal patterns with important 

prognostic implications. Sustained hypertension was the 
predominant phenotype, especially among participants 
with diabetes, chronic kidney disease (CKD), and 
elevated body mass index (BMI), underscoring the 
limited reliability of OBP alone and the clinical 
importance of incorporating ABPM into decision-making 
[12,13]. 

The strong association between sustained hypertension 
and metabolic comorbidities in our sample is consistent 
with earlier reports linking insulin resistance, obesity, and 
renal impairment to persistent 24-hour blood pressure 
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elevation. The relatively higher proportion of masked 
hypertension in younger participants mirrors population 
data suggesting that active individuals may record normal 
office pressures but experience elevated levels during 
daily activity. In contrast, white-coat hypertension was 
more frequent among older adults, in line with prior 
evidence that heightened sympathetic responses during 
clinic visits disproportionately affect this group [14,15]. 

Nocturnal blood pressure behavior added further insight. 
Non-dipping patterns were more common in participants 
with diabetes and CKD, supporting the view that 
impaired autonomic function and altered sodium handling 
contribute to blunted nocturnal declines. Although 
extreme and reverse dipping were relatively infrequent, 
their clustering in participants not receiving renin–

angiotensin–aldosterone system (RAAS) blockade raises 
the possibility that pharmacologic class and dosing time 
may shape nocturnal hemodynamics [16,17]. 

The management implications of these findings are 
substantial. Recognition of white-coat and masked 
hypertension can prevent both overtreatment and 
undertreatment: avoiding unnecessary escalation in the 
former while identifying high-risk, undertreated 
individuals in the latter. Information on nocturnal patterns 
is also clinically actionable, as a non-dipping profile may 
prompt evening dosing or use of agents with sustained 
nocturnal coverage. Importantly, the high technical 
quality of ABPM in this study, with nearly all participants 
surpassing the ≥70% validity threshold, demonstrates that 
routine deployment in outpatient practice is feasible [18].

Table 10. Pharmacological considerations for ABPM-guided hypertension management 

ABPM 
phenotype/pattern 

Therapeutic 
goal 

Pharmacologic approach 
(examples) 

Timing / 
formulation 

Monitoring / 
cautions 

White-coat HTN 
(OBP high, ABPM 
normal) 

Avoid 
overtreatment; 
confirm 
phenotype 

Lifestyle first; if high-risk 
consider low-dose 
ACEi/ARB or long-acting 
CCB 

Once-daily long-
acting; avoid up-
titration from 
OBP alone 

Watch for 
hypotension; repeat 
ABPM/HBPM after 
changes 

Masked HTN 
(OBP normal, 
ABPM high) 

Treat as true 
HTN; lower 24-h 
and night BP 

Start/intensify: ACEi/ARB 
+ long-acting CCB +/- 
thiazide-like diuretic 
(chlorthalidone/indapamide) 

Ensure 24-h 
coverage; 
consider evening 
dose if nocturnal 
HTN 

Assess 
adherence/secondary 
causes; repeat 
ABPM in 4-12 
weeks 

Sustained HTN 
(OBP and ABPM 
high) 

Reach 24-h 
targets; reduce 
variability 

Stepwise combination: 
RAAS blocker + CCB + 
thiazide-like; resistant add 
MRA 
(spironolactone/eplerenone) 

Prefer fixed-dose 
combinations and 
long-acting agents 

Check K+ and 
creatinine after 
RAAS/MRA/diuretic 
titration 

Controlled HTN 
(OBP and ABPM 
normal) 

Maintain control; 
avoid 
unnecessary 
escalation 

Continue regimen; consider 
step-down only if adverse 
effects, frailty, or low-risk 
profile 

Keep stable 
schedule; avoid 
abrupt withdrawal 
(beta-blocker, 
clonidine) 

Periodic 
ABPM/HBPM to 
detect relapse 

Non-dipping / 
reverse dipping 

Improve 
nocturnal BP 
control and risk 
profile 

Optimize salt/volume; 
ACEi/ARB and/or long-
acting CCB; evaluate sleep 
apnoea when suspected 

Chronotherapy: 
shift one agent to 
evening/bedtime 
when appropriate; 
avoid bedtime 
diuretics if 
nocturia 

Higher CV risk - 
closer follow-up; 
repeat ABPM to 
confirm response 

Diabetes / CKD 
context 

Cardio-renal 
protection with 
BP control 

ACEi/ARB for 
albuminuria; add 
dihydropyridine CCB; 
diuretic by eGFR (thiazide-
like vs loop); cautious 
MRA 

Long-acting 
therapy; 
individualise 
evening dose if 
night BP elevated 

Monitor 
K+/creatinine, 
orthostatic BP, and 
volume status 

Abbreviations: ABPM, ambulatory blood pressure 
monitoring; OBP, office blood pressure; HBPM, home 
blood pressure monitoring; RAAS, renin-angiotensin-
aldosterone system; CCB, calcium channel blocker; 

MRA, mineralocorticoid receptor antagonist; CV, 
cardiovascular; eGFR, estimated glomerular filtration 
rate. 
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Our comparison of potential versus actual physician 
management decisions highlights the clinical impact of 
ABPM. In many cases, therapy adjustments 
recommended on the basis of ABPM were implemented 
by treating physicians, showing strong alignment. Where 
discordance occurred—most notably in controlled 
hypertension—physicians often cited comorbidities, 
recent medication changes, side-effect concerns, or 
patient preferences, reflecting the complex and 
individualized nature of treatment. High willingness to 
repeat ABPM, despite moderate inconvenience, further 
supports its acceptability and reinforces its practicality in 
routine care. 

In the present study, ABPM-defined hypertension 
phenotypes were associated with distinct antihypertensive 
pharmacotherapy patterns, underscoring the clinical 
relevance of ambulatory monitoring in guiding treatment 
decisions. Patients with sustained and masked 
hypertension, who together constituted over 60% of the 
cohort, were more frequently treated with combination 
regimens involving calcium channel blockers, renin–
angiotensin system inhibitors, and diuretics, reflecting the 
need for sustained 24-hour blood pressure control. In 
contrast, individuals with white-coat hypertension 
demonstrated comparable use of antihypertensive agents 
despite normal ambulatory blood pressure values, 
highlighting the potential for overtreatment when 
decisions are based solely on office measurements. 
ABPM also facilitated recognition of high-risk circadian 
profiles, particularly non-dipping patterns in patients with 
diabetes and chronic kidney disease, supporting the use of 
long-acting agents and consideration of dosing time 
adjustments. Overall, the observed concordance between 
ABPM-guided recommendations and actual 
pharmacotherapy decisions reinforces the role of ABPM 
as a valuable tool for optimizing antihypertensive therapy 
while minimizing unnecessary escalation in selected 
patients. 

Strengths of this study include the relatively large and 
well-characterized cohort, standardized ABPM protocol, 
comprehensive subgroup analyses, and incorporation of 
acceptability and safety outcomes, which together provide 
a holistic view of ABPM’s clinical value [19]. Limitations 
should also be acknowledged. Being a single-center 
observational study, the findings may not fully generalize 
to community or primary care settings. The cross-
sectional design limits causal inference between 
phenotypes and long-term outcomes. In addition, residual 
confounding from unmeasured behavioral or genetic 
factors cannot be excluded [20]. 

Future work should extend these observations in several 
directions. Longitudinal follow-up of this cohort could 
clarify the prognostic significance of ABPM phenotypes 
and dipping profiles for cardiovascular and renal 

outcomes. Economic evaluations comparing universal 
versus selective ABPM use would inform resource 
allocation and policy. Finally, integration of ABPM with 
home monitoring and wearable technologies may offer 
hybrid models that combine diagnostic accuracy with 
greater convenience, potentially improving uptake and 
adherence in diverse populations. 

CONCLUSION 
In summary, ABPM offers significant diagnostic and 
management advantages over office blood pressure 
measurement alone, particularly in identifying white-coat 
and masked hypertension, refining risk stratification 
through nocturnal dipping assessment, and informing 
tailored therapeutic strategies. Its high acceptability and 
safety profile in our cohort support broader 
implementation in clinical practice, especially for patients 
with metabolic comorbidities or inconclusive OBP 
readings. Adoption of ABPM as a routine component of 
hypertension evaluation could improve diagnostic 
precision, optimize therapy, and ultimately reduce 
cardiovascular risk. 
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