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Abstract
Background: There is a lack of consensus regarding the risk of hypertension in HIV-infected patients compared to the general
population. Ambulatory blood pressure monitoring (ABPM) is the most accurate method for the hypertension diagnosis.
Nevertheless, it is rarely used in HIV clinical care. Materials and Methods: All HIV-infected patients who underwent 24
hours ABPM were included. The agreement between office blood pressure (BP) readings and ABPM was analyzed. The rate of
patients with masked hypertension (MH), isolated clinical hypertension, and nocturnal hypertension was obtained. Furthermore,
it was analyzed if the differences between both methods may affect the cardiovascular risk (CVR) assessment. Results: A total of
116 patients were included. The k coefficient between office BP and ABPM was 0.248. Over a quarter of the cohort was diagnosed
with MH—25.8% (CI 95% 17.7%-34.0%), and 12% (CI 95%: 6.1%-16.1%) was diagnosed with ICH. Moreover, 19% of patients had
hypertension exclusively during the night. The patients classified as low risk according to the CVR scores had a different diagnosis
with ABPM than with office BP (P < .001). Conclusions: The agreement between office BP and ABPM was low in HIV-infected
patients. Ambulatory BP monitoring is useful in HIV-infected patients as a hypertension diagnosis method, especially among
patients classified as low risk.
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Introduction

Considered as one of the most prevalent causes of morbidity

and mortality in patients living with HIV,1 cardiovascular

events are more frequently observed in patients infected with

HIV than in uninfected individuals.2,3 Immune deregulation,4

antiretroviral treatment exposure,5 and classic cardiovascular

disease (CVD) are considered risk factors for cardiovascular

events.6 Regarding the classical risk factors, an altered lipid

metabolism associated or not with antiretroviral drugs and

smoking habit are frequently observed in HIV-infected

patients.7-9 However, there is a lack of consensus regarding the

real prevalence of hypertension in these patients compared to

that of the general population.10-13 Usually, the screening for

hypertension is performed by measuring the arterial pressure in

the office; however, this technique may not be sufficiently

accurate. Measuring blood pressure (BP) in the office as a

reliable hypertension diagnostic method may be compromised

by dependent and independent causes of the appropriate BP

protocol application.14 Consequently, the most recent recom-

mendations suggest that ambulatory blood pressure monitoring

(ABPM) is the standard hypertension diagnostic method

among patients who present with varying BP measurements

in addition to other diagnostic indications.15 Ambulatory blood

pressure monitoring has greater accuracy in the diagnosis of
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hypertension than other diagnostic methods because it provides

several measurements in real-life settings, avoiding health care

influence. Therefore, ABPM has become the gold standard

method for the diagnosis of hypertension because it has a better

correlation with subclinical vascular lesion, cardiovascular

events, and mortality than office BP measurement.16-19 This

study aimed to evaluate the agreement between ABPM and

office BP measurement in the diagnosis of hypertension for

HIV-infected patients in the routine clinical practice and to

investigate the value of ABPM in the CVD risk assessment

in these patients.

Methods

A retrospective cohort study was conducted. HIV-infected

patients who were followed up in the outpatient clinics of a

public university hospital, who were over 18 years old, and

underwent 24-hour ABPM were recruited between 2008 and

2016. Patients under antihypertensive treatment and those with

an ABPM less than 80% of the valid measurements or incom-

plete records were excluded. Ambulatory blood pressure mon-

itoring was performed using Spacelabs or Microlife WatchBP

03 device, programmed to record BP measurements every

20 minutes during daytime and every 30 minutes during night-

time. Records were read using the Spacelabs Reports Admin-

istration System of ABP Version 1.03.16 and WatchBP 03

Analyzer. Placement and removal of the ABPM device and

patients’ training regarding ABPM device handling were con-

ducted by a specialized nurse. Blood pressure measurement in

the office was performed using the calibrated and validated

Omron M6 device in the dominant arm with the patient assum-

ing a seating position according to the current international

hypertension measurement protocol.14

The diagnosis of hypertension by office BP measurement

was established when systolic pressure (SP) was �140 mm Hg

and/or diastolic pressure (DP) was� 90 mm Hg. The diagnosis

of hypertension by ABPM was established according to either

of the following criteria20: (1) Within a 24-hour period, the

mean SP was �130 mm Hg and/or the mean DP was �80

mm Hg; and/or (2) during daytime, the mean SP was �135

mm Hg and/or the mean DP was�85 mm Hg; and/or (3) during

nighttime, the mean SP was �120 mm Hg and/or the mean DP

was �70 mm Hg.15 High BP values both in ABPM and in

office BP measurement were defined as sustained hypertension

(SH). Normal BP values both in ABPM and in office BP mea-

surement were defined as normotension (NT). High BP values

in office BP measurement but normal BP values in ABPM were

defined as isolated clinical hypertension (ICH). Normal BP

values in office BP measurement but high BP values in ABPM

were defined as masked hypertension (MH; Figure 1). Night-

time hypertension was diagnosed in patients who exclusively

presented high BP values at the nighttime record.

Demographic and clinical data were recorded, including

CVD risk assessment using the Framingham Risk Score and

SCORE tables and the type of antiretroviral treatment and

duration of exposure. For both cardiovascular assessment risk

scales, the very high- and high-risk groups were considered as a

single high-risk group.

Descriptive analysis was performed using measures of central

tendency and distribution. Differences between patient groups

(NT versus MH and ICH versus SH) were calculated using the

w2 equation or Fisher exact test for qualitative variables. More-

over, T-student equation was used for quantitative variables with

a normal distribution (using the Kolmogorov-Smirnov method)

and nonparametric test for variables with non-normal distribu-

tion. As the objective was to describe the population and not

establish causality, a univariate analysis was performed.

The agreement between both BP measurement techniques

(ABPM and office BP measurement) was calculated using the

Cohen k index. McNemar test for paired data was used to esti-

mate the usefulness of ABPM as a diagnostic test within the

different CVD risk strata. P value lower than 5% was considered

to be statistically significant. Statistical analysis was performed

using the Statistical Package for the Social Sciences version

23.0.0 International Business Machines Corporation program.

Ethical Statements

Ethical Approval and Informed Consent

The study was conducted according to the principles expressed

in the Helsinki Declaration of 1983. This study was approved

(Protocol number 3018*Act 05/17) by the Institutional Review

Board (CEIm Hospital La Princesa), which did not consider

necessary to ask for the written consent of patients. Nevertheless,

patients who continued their follow-up at the Infectious Diseases

What Do We Already Know about This Topic?

Ambulatory blood pressure monitoring is the gold stan-

dard as a blood pressure (BP) measurement method, but

research studies in HIV-infected patients are scarce.

How Does Your Research Contribute to the
Field?

Findings of this study support the diagnosis of hyperten-

sion should not be based on a set of BP readings at office,

due to the high rates of masked hypertension, isolated

clinical hypertension, and nocturnal hypertension in

HIV-infected patients.

What Are Your Research’s Implications toward
Theory, Practice, or Policy?

Twenty-four-hour ambulatory BP monitoring (ABPM) is

the most accurate method for measuring blood pressure in

HIV-infected patients, and it should be used on this pop-

ulation to assess cardiovascular risk.
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Department were informed about the study, and verbal consent

was obtained. The Instiutional Review Board (IRB) are gov-

erned by national regulations: those contained in Royal Decree

1090/2015 and in the Standards of Good Clinical Practice

(CPMP / ICH / 135/95), in addition to Decree 39/94 of the

Community of Madrid.

Results

All patients (172) registered on ABPM during the study were

included. A total of 58 patients were excluded because of the

following reasons: 36 patients were taking antihypertensive

drugs, 17 patients had nonvalid ABPM record, and 5 patients

had insufficient clinical data.

Patients were mostly males (85%), and the mean age was

49.5 years old ( standard deviation [SD]: 8.6). Table 1 shows

the demographic characteristics of the population.

According to the office BP measurement, 56 and 60 patients

had and did not have hypertension, respectively. The mean SP and

DP in the sample were 133 (SD, 16.7) and 84 (SD, 10.8) mm Hg,

respectively. Among patients with hypertension, the mean SP and

DP were 144.5 (SD, 13.2) and 92 (SD, 7.6) mm Hg, respectively.

Among normotensive patients, the mean SP and DP were 122.4

(SD, 11.9) and 77.8 (SD, +8.7) mm Hg, respectively.

Seventy-two patients had high BP by ABPM, and 44 had

normal records. The means of BP according to ABPM are

shown in Table 2.

Regarding both measurements (office BP measurement and

ABPM), 26.5% (95% CI, 18.1%-36.1%) had MH, 12.1% (95%
CI, 6.0%-18.1%) had ICH, 36.2% (95% CI, 27.6%-45.7%) had

SH, and 25.9% (95% CI, 17.2%-36.6%) had no hypertension.

The ABPM measurement reclassified the hypertension status

previously defined by BP office measurement. Among patients

with high BP by BP office measurement, a quarter of patients

had ICH, while among normotensives according to office BP

measurement, half of the patients had MH (Table 3).

The baseline data and demographic characteristics compar-

ing real BP status according to ABPM records in normotensive

patients at office BP measurement (NT versus MH) and

patients with hypertension at office BP measurement (SH

versus ICH) are shown in Tables 1 and 2.

According to these data, the positive-predictive value of

the office BP for the diagnosis of hypertension was 75% (95%
CI, 62.3%-84.5%), the negative-predictive value was 50%
(95% CI, 37.7%-62.3%), sensitivity was 58.3% (95% CI,

46.8%-69%), and specificity was 68.2% (95% CI, 53.4%-

80%), with a positive likelihood ratio of 1.8 (95% CI, 1.1-

2.9). The agreement between the 2 different techniques of BP

measurement (k index) was 0.248 (standard error, 0.09; 95%
CI, 0.07-0.42).

Patients with hypertension according to ABPM were diag-

nosed due to a pathologic 24-hour record in 43% of cases, altered

daytime record in 17% of cases, altered daytime and nighttime

Figure 1. Blood pressure patterns based on office and out of office (24-hour ambulatory blood pressure monitoring).
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BP mean but a normal 24-hour mean in 10% of cases, and exclu-

sively altered nighttime record in 30% of cases. According to

these data, 19% of the total samples had nocturnal hypertension.

The lack of agreement between ABPM and BP office mea-

surement (white coat hypertension or ICH) was not consistent

among patients classified by categories according to CVD risk

scores. Patients classified as low risk according to Framingham

Risk Score and SCORE showed a significant difference between

office BP measurement and ABPM (P < .001; Figures 2 and 3).

Discussion

The evaluation of CVD risk has become increasingly important

in the comprehensive care of HIV-infected patients. However,

strategies for an accurate BP assessment have not been properly

established, resulting in a negative impact on its clinical

management.21

Several techniques are used to diagnose subclinical target

organ damage, but most of them are arduous, expensive, and

frequently invasive.22-24 Some cardiovascular risk assessment

tools, such as Framingham Risk Score and SCORE, and spe-

cific scales for the HIV-infected population25-28 have also been

used, but none of them has proven to be effective in predicting

the onset of cardiovascular events.29 These scores include clas-

sical CVD risk factors, family history of premature CVD,

smoking, hypertension, diabetes, or dyslipidemia.30-31 The

diagnosis of some of these factors, such as diabetes or dyslipi-

demia, could be easier than the diagnosis of hypertension. The

Table 1. General Characteristics and Differences Between Groups Classified with ABPM.

General characteristics Total, N ¼ 116

Normal blood pressure at office, n ¼ 60 High blood pressure at office, n ¼ 56

NT MH

p-value

ICH SH

p-valuen ¼ 30 (50%) n ¼ 30 (50%) n ¼ 14 (21%) n ¼ 42 (79%)

Age, yearsa 49.5 8.6 46.9 7.7 48.8 9.6 0.83 53.8 7.9 50.7 9.1 0.84
Men, % 18 16 24 80 27 90 0.47 10 71 37 88 0.20
Race

Caucasian, n (%) 94 81 22 73 28 93 0.11 10 71 34 81 0.31
Hispanic, n (%) 10 9 3 10 1 3 3 21 3 7
African Americans, n (%) 12 10 5 17 1 3 1 7 5 12

CRF
Diabetes mellitus, n (%) 17 15 4 13 3 10 0.50 6 43 4 9 0.11
Dyslipidemia, n (%) 50 43 10 33 17 57 0.06 8 57 15 36 0.14
Smokers, n (%) 47 40 14 47 11 37 0.30 8 57 14 33 0.10

Statin treatment, n (%) 35 30 7 23 13 43 0.17 7 50 8 19 0.03
Antidiabetic treatment, n (%) 11 9 3 10 2 7 0.08 4 29 2 5 0.03
Alcohol abuse, n (%) 8 7 4 13 2 7 0.34 1 7 1 2 0.44
Cocaine use, n (%) 2 2 0 0 0 0 - 1 7 1 2 0.40
Transmission risk group

IDU, n (%) 30 26 11 37 7 23 0.40 4 29 8 19 0.26
MSM, n (%) 63 54 15 50 17 57 6 43 25 59
HTS, n (%) 22 19 4 13 6 20 4 29 8 19

Chronic hepatitis, n (%) 17 15 5 17 3 10 0.35 3 21 6 14 0.39
HCV coinfection, n (%) 5 4 2 7 1 3 0.50 1 7 1 2 0.44
Time since diagnosis, months 160 80 144 75 191 65 0.01 151 71 151 92 0.42
Indetectable, monthsb 99 104-374 90 56 115 102 0.17 98 48 121 228 0.46
Nadir CD4, cell/mLb 274 41-157 255 158 275 186 0.67 220 197 320 224 0.15
AIDS, n (%) 37 32 11 38 10 33 0.46 5 36 11 26 0.36
ART

No ART, n (%) 9 8 1 3 2 7 0.50 1 7 5 12 0.53
Exp. to NRTI, n (%) 108 93 28 93 25 86 0.32 13 94 36 88 0.52
Exp. to NNRTI, n (%) 82 71 23 82 23 79 0.53 10 77 26 74 0.58
Exp. to PI, n (%) 73 63 19 68 21 72 0.41 12 92 21 60 0.03
Total time on ART, months 129 66 118 62 156 53 0.04 157 51 109 72 0.03
Time on NRTI, months 107 63 97 70 135 60 0.01 156 82 108 76 0.03
Time on NNRTI, months 68 54 68 66 90 41 0.20 63 46 70 57 0.81
Time on PI, months 92 60 81 62 114 70 0.42 99 57 82 63 0.69

Abbreviations: ABPM, ambulatory 1 blood pressure monitoring; ART, antiretroviral treatment; CRF, cardiovascular risk factors; Exp., Exposition; HCV, hepatitis
C virus; HTS, heterosexual behavior; ICH, isolated clinical hypertension; IDU, injection drug user; MH, masked hypertension; NNRTI, non nucleosides reverse
transcriptase inhibitors; NRTI, nucleot(s)ides reverse transcriptase inhibitors; NT, normotension; MSM, men who have sex with men; PI, protease inhibitors; SH,
sustained hypertension.
aAll data are expressed as Mean and SD.
bExpressed as Median and IQR.
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diagnosis of hypertension is difficult to establish because of the

potential errors associated with the techniques of BP measure-

ment on the clinic.

Despite the importance of CVD risk in HIV-infected popu-

lation, knowledge about ABPM is scarce. Small series of

patients with preexisting high BP had been previously pub-

lished.32,33 Other studies have described circadian pattern and

have proven the higher prevalence of “non-dipper” pattern

among these patients.34 The meta-analysis published by Kent

and colleagues compare 7 studies with ABPM use in HIV-

infected patients;35 nevertheless, data about the agreement rate

between office BP measurement and ABPM had not been pub-

lished yet.

The study presented here shows that ABPM is useful as

a hypertension diagnostic method in HIV-infected patients,

Table 2. Baseline Situation at the Time of the Ambulatory Blood Pressure Monitoring (Current ART, Immune Status, and Blood Pressure at
Office).a

Baseline situation Total, N ¼ 116

Normal blood pressure at office, n ¼ 60 High blood pressure at office, n ¼ 56

NT MH

p-value

ICH SH

p-valuen ¼ 30 (50%) n ¼ 30 (50%) n ¼ 14 (21%) n ¼ 42 (79%)

ART
NRTIþNNTRI, n (%) 60 52 19 66 17 59 1.0 5 38 19 51 1.0
NRTIþPI, n (%) 31 27 6 21 8 28 0.77 4 31 13 35 0.04
NRTIþIIN, n (%) 1 1 0 0 0 0 NA 0 0 1 3 NA

Immune status
CD 4 cell/mLb 687 499-881 742 314 708 268 0.68 721 392 701 319 0.86
CD4/CD8 ratiob 0.65 0.48-0.93 0.84 0.47 0.73 0.43 0.51 0.73 0.3 0.67 0.38 0.54

Pressure at office
SP, mm Hg 132 17 118 12 126 10 0.01 141 9 145 14 0.26
DP, mm Hg 84 11 74 9 82 7 0.01 87 8 93 7 0.03
High-normal, n (%) 26 22 6 20 20 67 0.01 0 0 0 0 NA
Grade 1 hypertension, n (%) 41 35 0 0 0 0 NA 12 86 29 69 0.01

Abbreviations: ART, antiretroviral treatment; DP, diastolic pressure; Exp., Exposition; ICH, isolated clinical hypertension; IQR, interquartile range; MH, masked
hypertension; NA, Not applicable; NNRTI, non-nucleosides reverse transcriptase inhibitors; NRTI, nucleot(s)ides reverse transcriptase inhibitors; NT,
normotension; PI, protease inhibitors; SH, sustained hypertension; SP, systolic pressure.
aAll data are expressed as Mean and SD.
bExpressed as Median and IQR.

Table 3. Four-Fold Table that Represents Patients Classified at Office
with High Blood Pressure and Normal Blood Pressure versus Patients
Classified with High and Normal Blood Pressure with Ambulatory
Blood Pressure Monitoring.

ABPM

Blood pressure at office
Normal High Total

n % n % n %

Normal 30 (NT) 50 30 (MH) 50 60 52
High 14 (ICH) 25 42 (SH) 75 56 48
Total 44 41 72 59 116 100

Abbreviations: ABPM, ambulatory blood pressure monitoring; ICH, isolated
clinical hypertension; MH, masked hypertension; NT, normotension, SH,
sustained hypertension.

Figure 2. Hypertension diagnosis by office versus ABPM grouped by
Framingham stratum. ABPM indicates ambulatory blood pressure
monitoring; N.S., no statistically significant difference were found.

Figure 3. Hypertension diagnosis by office versus ABPM grouped by
SCORE stratum. ABPM indicates ambulatory blood pressure moni-
toring; N.S., no statistically significant difference were found.
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particularly among those patients classified as low risk

according to Framingham risk score or SCORE scales.

The data analysis shows a poor agreement between both

diagnostic techniques evaluated, the office BP measurement

and ABPM. Previous investigations in non-HIV-infected pop-

ulation showed a greater “k index” (better agreement) com-

pared to the cohort in this study.17,36 In non-HIV-infected

population, disagreement is mainly due to patients with ICH

(diagnosis of hypertension by office BP measurement with a

normal ABPM),15,17,37,38 while the lack of concordance

observed in this HIV-infected patient cohort is due to the high

prevalence of MH. Some studies with HIV-infected patients

conducted in South Africa also found a high proportion of

MH, and other study conducted in United States shows a pre-

valence higher among African Americans than among

whites.39-41 Furthermore, high prevalence of MH had already

been described in African Americans in large cohorts of non-

HIV-infected population.42 Additionally, the ICH proportion in

patients previously diagnosed with hypertension is similar to

that of our cohort, according to other authors.32,43

We found a statistical association between the exposure to

nucleot(s)ides reverse transcriptase inhibitors and MH diagno-

sis. Other authors have described the association between

altered daytime ABPM recordings and HIV duration.34 The

increased risk for hypertension in patients exposed to protease

inhibitors has also been published.44

The present study evaluates the potential impact of ABPM

on CVD risk assessment. According to our results, achieving a

more accurate diagnosis of hypertension by ABPM could have

an impact on patients with low risk on the Framingham Risk

Score and SCORE scales.

This finding has significant clinical value since including

hypertension assessed using ABPM in the algorithm would

change the global CVD risk assessment, particularly in HIV-

infected patients who could change from low to moderate risk.

This could be one of the multiple reasons for the failure of

cardiovascular risk estimation methods in HIV-infected patients.

A high proportion of patients with MH were diagnosed

because they had nocturnal hypertension, which is exclusively

diagnosed by ABPM. Nocturnal hypertension has been previ-

ously described in HIV-infected patients, especially among

African Americans,41 and it is considered that it has similar

causal mechanisms with nondipper pattern. Nondipper pattern

was found more frequently in HIV-infected than in non-HIV

patients in previous case–control studies.45,46 In general popu-

lations, non-dipper pattern has been associated with psycholo-

gical and social factors, such as depression and social isolation,

or sleeping disorders such as obstructive sleep apnea syndrome

or insomnia. Interestingly, these factors are particularly com-

mon in HIV-infected population.47

Nocturnal hypertension is a separate entity to nondipper

pattern, despite both having similar pathophysiological factors;

moreover, nocturnal hypertension has direct impact on cardio-

vascular morbidity and mortality.48,49 Nocturnal hypertension

can be recognized by ABPM but neither by office BP measure-

ment nor by home BP monitoring. In this study, a higher

proportion of nighttime hypertension is observed more than

that in the previously reported study in the general population,

which could be a hidden cause of the increased CVD risk in

HIV-infected patients.

This study has the following limitations. First, this study

does not establish the real prevalence of MH or ICH because

ABPM was not performed in a systematic way; nonetheless,

the sample was not different from the total HIV-infected

patients in our hospital. Second, the protocol included patients

with 2 in-office readings at a single visit but was not repeated at

2 separate visits, which could affect the data. Third, this study

is composed of a small sample size; hence, studies consisting of

large sample sizes are required in the future.

Some of the patients who were asked to undergo the ABPM

refused to do so, probably due to the fact that the technique was

uncomfortable. Excluding patients undergoing antihyperten-

sive treatment could be considered a limitation of the study;

however, in our opinion, patients who were diagnosed and

treated with hypertension are not suitable in this study because

the hypertensive drug regimen might interfere with the ABPM

records. Hence, these patients should be studied separately.

Conclusions

The agreement between office BP measurement and ABPM is

very weak in HIV-infected patients. The discrepancy was asso-

ciated with the high proportion of MH in our sample. Accord-

ing to these data, office BP measurement is not effective for the

diagnosis of hypertension in HIV-infected patients. One of

every 5 patients who underwent ABPM was diagnosed with

isolated nocturnal hypertension. The routine use of ABPM

would have a particular clinical relevance among HIV-

infected patients with low risk in Framingham Risk Score or

SCORE scales, in who an accurate diagnosis of hypertension

would modify the initial estimate of CVD risk.
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