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Abstract

Ambulatory blood pressure monitoring (ABPM) can identify phenotypes that cannot be measured 

in the clinic. Determining race and sex disparities in ABPM measures among HIV+ individuals 

may improve strategies to diagnose and treat hypertension in this high risk population. We 

compared ABPM measures between 24 African American and 25 white HIV+ adults (36 men and 

13 women). Awake systolic BP (SBP) and diastolic BP (DBP) were similar in African Americans 

and whites. After multivariable adjustment, sleep SBP and DBP were 9.7 (95%confidence interval 

[95%CI]: 4.7, 14.8) mmHg and 8.4 (95%CI: 4.3, 12.5) mmHg higher, respectively, among African 

Americans compared with whites. After multivariable adjustment, SBP and DBP dipping ratios 

were 5.2% (95%CI: 1.7%, 8.7%) and 6.1% (95%CI 2.0%, 10.3%) smaller among African 

Americans compared with whites. After multivariable adjustment, awake and sleep SBP and DBP 

were higher in men compared to women. There was no difference in SBP or DBP dipping ratios 

comparing men and women. The prevalence of awake masked hypertension was 42% in men 

versus 17% in women, and the prevalence of sleep masked hypertension was 57% among African 

Americans versus 18% among whites. These data suggest that ABPM measures differ by race and 

sex in HIV+ adults.
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Introduction

Ambulatory blood pressure monitoring (ABPM) has been identified as the reference 

standard for the confirmation of hypertension by the United States Preventive Services Task 

Force.1 Individuals undergoing ABPM wear a BP cuff and monitor and BP is typically 

measured every 15 to 60 minutes for 24 hours.2, 3 Mean BP measured through ABPM has a 

stronger association with risk for cardiovascular disease (CVD) events, compared to 

measurements taken in the clinic setting.1, 2 HIV+ individuals have a 1.5 to 2 fold higher 

CVD risk compared with their HIV- counterparts.4, 5 The increased CVD risk in HIV+ 

individuals is not explained by traditional CVD risk factors, including clinic-measured BP.4 

ABPM may be particularly useful for HIV+ adults, as this population has a high 

psychosocial burden, and a high prevalence of autonomic dysfunction and sleep 

disturbance.6 Each of these are risk factors for ABPM phenotypes associated with high CVD 

risk, including nocturnal hypertension, a non-dipping BP pattern, and masked hypertension.6 

In a recent systematic review, only eight studies of ABPM in HIV+ adults were identified.7 

While a high prevalence of nocturnal hypertension and non-dipping BP were present among 

HIV+ participants, none of these studies included African Americans.7

In the US, African Americans have a higher incidence and prevalence of HIV infection 

compared to other race and ethnic groups.8, 9 African Americans also have a higher 

prevalence of nocturnal hypertension and non-dipping BP compared with whites.10 Men 

have several risk factors for abnormal ABPM phenotypes, but there are few data comparing 

ABPM phenotypes between men and women.11 Identifying race and sex disparities in 

ABPM phenotypes among HIV+ individuals may improve strategies to diagnose and treat 

hypertension in this high-risk population.6 In this manuscript, we report race and sex 

differences in BP phenotypes from a study assessing the feasibility of conducting ABPM 

among HIV+ adults.

Methods

Between February and August 2015, we conducted ABPM on 25 African American and 25 

white adults attending the University of Alabama at Birmingham’s (UAB) 1917 HIV Clinic. 

The sample size was chosen to assess feasibility for conducting ABPM in HIV+ individuals 

at this clinic for a future large-scale research study. Participants were recruited during their 

regularly scheduled primary care visits or through referral by other study participants. 

Potential participants were required to meet the following eligibility requirements: non-

Hispanic African American or white race, ≥ 19 years of age, HIV viral load ≤ 500 copies/ml 

and CD4 count ≥ 200 cells/mm3, currently receiving antiretroviral therapy (ART) but not 

antihypertensive medication, no previous diagnosis of CVD, and body mass index (BMI) < 

35 kg/m2. Height and weight were measured and used to calculate BMI at the study visit. 

Education and current smoking status were determined by self-report. High ART adherence 

Kent et al. Page 2

J Am Soc Hypertens. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



was determined by an answer of “excellent” to the question: “Thinking about the past 4 

weeks, on average how would you rate your ability to take all of your HIV antiretroviral 

medications as your doctor prescribed?“ This validated single-item adherence question has 

been found to correlate with viral suppression.12 Values for CD4 T cell counts and HIV viral 

loads were determined from blood serum samples obtained during regular clinic visits and 

measured at the central UAB laboratory; most proximate lab values preceding their regular 

physician visit (to determine enrollment eligibility) and the first study visit (for analyses) 

were abstracted from the electronic medical record. This study was approved by the 

Institutional Review Boards at the University of Alabama at Birmingham and at Stony 

Brook University, which served as the ABPM reading center. All participants provided 

written informed consent.

BP Measures

Trained staff measured clinic BP three times in each participant’s non-dominant arm 

following a standardized protocol. Clinic BP was measured using an Omron 907XL, an 

oscillometric device (Omron Corp., Osaka, Japan). Prior to clinic BP measurements being 

taken, participants sat quietly for at least 5 minutes in an upright position with their back and 

arms supported, feet flat on the floor and legs uncrossed. An appropriately-sized cuff was 

used, as determined by measuring the mid-arm circumference. Three BP measurements were 

taken between one and two minutes apart. Clinic systolic BP (SBP) and diastolic BP (DBP) 

were defined as the average of the three readings. Clinic hypertension was defined as clinic 

SBP ≥ 140 mmHg or clinic DBP ≥ 90 mmHg.

Participants were fitted with an ABPM (Mobil-O-Graph 24h PWA monitor; IEM GmbH, 

Stolberg, Germany) that had an appropriately-sized cuff, and with an Actiwatch 2 wrist 

activity monitor (Phillips Respironics, Bend, OR, US) on the wrist of the non-dominant 

arm.13 The Actiwatch 2 activity monitor assesses the wearer’s movement intensity and 

duration and ambient white light illuminance exposure in units of lux, by integrating 

measurements over 15-second epochs. The ABPM device was programmed to measure BP 

every 30 minutes. Participants were asked to wear these devices for 24 hours. Awake and 

sleep periods for ABPM were determined using movement and light data from the activity 

monitor, combined with self-reported sleep onset and awakening times. Naps during the 

daytime were not included as part of either the awake or sleep BP periods. Consistent with 

the International Database on ABPM in relation to Cardiovascular Outcomes (IDACO) 

criteria, participants were required to have ≥ 10 daytime readings and ≥ 5 nighttime readings 

on the ABPM to be included in the statistical analyses.14 Out of 50 participants who 

underwent ABPM, 49 met these criteria. Participants who met these criteria had an average 

of 31.1 (standard deviation [SD] = 5.2) awake readings and 15.0 (SD = 4.1) sleep readings.

Mean SBP and DBP were calculated for the awake and sleep periods. Using all BP 

measurements from the awake period, awake hypertension was defined as a mean SBP ≥ 135 

mmHg or mean DBP ≥ 85 mmHg.3 Using all BP measurements from the sleep period, sleep 

hypertension was defined as a mean SBP ≥ 120 mmHg or mean DBP ≥ 70 mmHg.3 The 

SBP dipping ratio was defined as 100%* [(awake SBP minus sleep SBP) divided by awake 

SBP] and the DBP dipping ratio as 100%* [(awake DBP minus sleep DBP) divided by 
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awake DBP]. Non-dipping SBP and DBP were defined by dipping ratios < 10%.3 Examples 

of dipping and non-dipping BP patterns from ABPM are shown in Supplementary Figures 1 

and 2, respectively.

Among participants who did not have clinic hypertension, those with awake and sleep 

hypertension were categorized as having awake and sleep masked hypertension, respectively. 

Also among participants without clinic hypertension, SBP and DBP masked effects were 

defined as mean awake SBP minus mean clinic SBP and mean awake DBP minus mean 

clinic DBP, respectively. Since only four participants had clinic hypertension, white coat 

hypertension (i.e., not having awake hypertension among those with clinic hypertension) and 

white coat effects (i.e., clinic BP minus awake BP among those with clinic hypertension) 

were not calculated.

Statistical analyses

Participant characteristics and clinic and ambulatory BP measures were calculated overall 

and by race and sex. The statistical significance of differences across race and sex were 

calculated using t-tests for age and BMI, Mann–Whitney U tests for CD4 counts, and 

Fisher’s exact tests for categorical variables. Linear regression was used to calculate 

differences in continuous BP measures including clinic, awake, sleep SBP and DBP, and 

dipping ratios for African Americans compared with whites and for men compared with 

women. Analyses were performed both unadjusted and adjusted for age, race, sex, and 

education. In addition to adjustment for these variables, fully adjusted models evaluating 

ambulatory SBP measures were adjusted for clinic SBP, and models evaluating ambulatory 

DBP measures were adjusted for clinic DBP. Regression models were not run for 

dichotomous measures (i.e., clinic hypertension, awake hypertension, sleep hypertension, 

non-dipping SBP and DBP, and awake and asleep masked hypertension) due to the low 

number of participants with these outcomes. Differences in SBP and DBP masked effects 

and the prevalence of awake, sleep, and any (i.e. awake or sleep) masked hypertension by 

race and sex were also calculated. All analyses were performed using SAS version 9.3 (SAS 

Institute, Cary NC). P-values < 0.05 were considered statistically significant.

Results

The mean age of study participants was 43.6 years; 49% were African American and 73% 

were men (Table 1). Compared with white participants, African Americans were less likely 

to be men (63% for African Americans versus 84% for whites) and report post-high school 

education (38% for African Americans versus 76% for whites).

Differences in clinic and ABPM phenotypes by race

Mean clinic SBP and DBP were 120 (SD = 10) and 72 (SD = 8) mmHg, respectively, among 

African Americans and 125 (SD = 10) and 77 (SD = 9) mmHg, respectively, among whites 

(Table 2). African Americans had higher sleep SBP and DBP and smaller dipping ratios 

compared with whites. After adjustment for age, sex, education, and mean clinic SBP, mean 

sleep SBP was 9.7 (95% CI: 4.7, 14.8) mmHg higher and the SBP dipping ratio was 5.2 

(95% CI: 1.7, 8.7) percent smaller among African Americans compared with whites (Figure 
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1; Supplementary Table 1). After adjustment for age, sex, education, and mean clinic DBP, 

mean sleep DBP was 8.4 (95% CI: 4.3, 12.5) mmHg higher and the DBP dipping ratio was 

6.1 (95% CI: 2.0, 10.3) percent smaller among African Americans compared with whites. 

The prevalence of sleep hypertension was 58% among African Americans and 24% among 

whites (p=0.021; Table 3). Additionally, the prevalence of non-dipping SBP among African 

Americans and whites was 42% and 20% (p=0.128), respectively, and the prevalence of non-

dipping DBP was 29% and 0% (p=0.004), respectively.

Differences in clinic and ABPM phenotypes by sex

Mean clinic SBP and DBP were 124 mmHg (SD = 9) and 75 mmHg (SD = 9), respectively, 

among men and 118 (SD = 12) and 73 (SD = 9) mmHg, respectively, among women (Table 

4). After adjustment for age, race, education, and mean clinic SBP, awake SBP was 5.4 (95% 

CI: 0.5, 10.3) mmHg higher and sleep SBP was 6.0 (95% CI: 0.5, 11.4) mmHg higher in 

men compared with women (Figure 2; Supplementary Table 2). After adjustment for age, 

race, education, and mean clinic DBP, awake DBP was 7.6 (95% CI: 3.9, 11.3) mmHg 

higher and sleep DBP was 5.4 (95% CI: 1.3, 9.6) higher in men compared with women. The 

multivariable-adjusted differences in SBP and DBP dipping ratios comparing men to women 

were small and not statistically significant. The prevalence of awake hypertension was 47% 

in men and 15% in women (Table 5). The prevalence of sleep hypertension was 44% in men 

and 31% in women. Non-dipping among men and women were 28% and 38% (p=0.500), 

respectively, for SBP, and 8% and 31% (p=0.070), respectively, for DBP.

Differences in masked effect and hypertension by race and sex

After adjustment for age, sex, education, and mean clinic SBP, SBP masked effect was 4.2 

(95% CI: −0.6, 8.9) mmHg larger in African Americans compared with whites 

(Supplementary Table 3); after adjustment for age, sex, education, and mean clinic DBP, 

DBP masked effect was 3.9 (95% CI: 0.2, 7.6) mmHg larger in African Americans 

compared with whites. After multivariable adjustment, SBP and DBP masked effects were 

4.8 (95% CI: −0.6, 8.9) mmHg and 7.7 (95% CI: 3.9, 11.5) mmHg larger, respectively, in 

men compared with women (Supplementary Table 4). The prevalence of awake masked 

hypertension was 39% among African Americans versus 32% among whites, and was 42% 

in men versus 17% in women (Figure 3). The prevalence of sleep masked hypertension was 

57% among African Americans versus 18% among whites, and was 42% in men versus 25% 

in women.

DISCUSSION

In the current study of HIV+ adults, African Americans had higher sleep BP, smaller BP 

dipping ratios, and a higher prevalence of sleep masked hypertension, compared with whites. 

Men, compared with women, had higher awake and sleep BP and a higher prevalence of 

awake masked hypertension. BP dipping ratios did not differ between men and women. 

These data demonstrate that ABPM measures differ by race and sex in HIV+ adults.

The presence of HIV is associated with several factors that may contribute to abnormal 

ABPM phenotypes.6 For example, infection with the virus disrupts normal circadian 

Kent et al. Page 5

J Am Soc Hypertens. Author manuscript; available in PMC 2018 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



rhythms and has been associated with poor sleep quality and sleep disturbances, all factors 

that have been associated with non-dipping BP.6, 15 HIV is associated with elevated systemic 

inflammatory biomarkers, which fail to fully return to normal levels with ART.5, 6 Excess 

inflammation has been associated with masked hypertension and non-dipping BP in the 

general population.5, 6 HIV+ individuals have a high prevalence of HIV-related stigma, 

stress, mood disorders, and autonomic dysfunction, which have been associated with masked 

hypertension and a higher prevalence of non-dipping BP.6, 16, 17 All of these factors may 

contribute to the development of hypertension and excess risk of CVD in the setting of HIV 

infection.

Similar to the current study in HIV+ adults, studies in the general population report that 

ABPM measures differ by race.7, 10, 18 In the Coronary Artery Risk Development in Young 

Adults (CARDIA) study (mean age = 30 years), nighttime SBP was 3.8 mmHg higher and 

the prevalence of non-dipping SBP was 2.44 times higher in African Americans compared 

with whites.10 Several mechanisms may contribute to the higher prevalence of nocturnal 

hypertension and non-dipping BP among African Americans compared with whites. High 

stress, discrimination, residence in neighborhoods with higher levels of noise and crime, and 

lack of social support are frequently reported to be more common in African Americans than 

whites and are associated with non-dipping BP.6, 15, 18–21 Worse sleep quality and sleep-

disordered breathing in African Americans are additional mechanisms that may lead to 

racial differences in ABPM measures.6, 22, 23 A narrative review reported that African 

Americans compared to whites have shorter sleep duration, lower sleep efficiency, a smaller 

amount of restful slow-wave sleep, a greater prevalence of insomnia and sleep-disordered 

breathing, and more severe sleep-disordered breathing.22 In addition to psychosocial and 

sleep-related factors, inflammation and impaired autonomic and baroreflex function are 

more common in African Americans than whites and have each been associated with non-

dipping BP and masked hypertension.6, 10, 24

Although racial differences in ABPM measures have been consistently reported for the 

general population, data on differences in ABPM measures by sex have not been 

consistent.11, 25–27 Recent studies have suggested that men have higher awake BP and 

prevalence of masked hypertension.28, 29 A higher prevalence of abnormal ABPM 

phenotypes among men may result from the higher prevalence of impaired sympathetic 

function and abnormal cardiac response to exercise, and lower estrogen levels, compared 

with women.25, 30, 31 Previous research has suggested that the prevalence of masked 

hypertension may be higher in men than women.11, 27 In an analysis of 7,320 participants 

not taking antihypertensive medication, the prevalence of non-dipping SBP was similar in 

men and women after multivariable adjustment.25

Some, but not all, studies have reported that HIV+ individuals have a higher prevalence of 

clinic hypertension than their HIV- counterparts.5, 32 A recent systematic review identified 8 

studies that conducted ABPM in HIV+ individuals, 7 of which had HIV- comparison 

groups.7 In a meta-analysis containing 5 of these studies, HIV+ individuals had 2.72 times 

higher odds of non-dipping SBP, compared with HIV- controls.7 Of the 8 studies identified 

from the review, 7 of them consisted of European, mostly white individuals.7 One study was 

conducted in black South Africans, but no studies were conducted in the US.7 Examining 
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racial disparities of CVD risk and risk factors among HIV+ adults is particularly important, 

since 44% of new HIV infections in the US occur in African Americans, and CVD and HIV 

are two of the leading causes of the African American-white mortality disparity.8, 33, 34

The current study has several strengths. There are scarce data available on ABPM in HIV+ 

adults, especially African Americans. Clinic BP and ABPM were collected following a 

standardized protocol and sleep and awake periods were determined using actigraphy 

combined with self-report. Despite these strengths, the current study has known and 

potential limitations. The sample size for the current study was small. Due to the relatively 

small sample size, caution should be taken in interpreting the prevalence estimates. 

Additionally, since all participants were taking ART we could not examine whether HIV 

treatment with ART was associated with any of the ABPM measures. Studies have found 

that some ART regimes are associated with higher clinic BP levels.6, 35, 36 However, this 

may not lead to racial differences in BP measures, since there is evidence that ART 

utilization is similar in African Americans and whites.37, 38 Additionally, studies have 

suggested that ART in the current era is not associated with hypertension.5, 6, 39 One study 

specifically reported that ABPM measures in HIV+ individuals did not change from before 

ART initiation to after 6 months of therapy.39 The current study only included HIV+ 

individuals and there was no HIV- comparison group. We also did not examine possible 

mechanisms for observed differences in ABPM measures.

In conclusion, in the current study of HIV+ individuals, African Americans compared to 

whites, and men compared to women, had a higher prevalence of ABPM phenotypes that are 

associated with increased CVD risk. Determining ABPM phenotypes in HIV+ individuals 

allows for more accurate BP assessment and the identification of race and sex CVD 

disparities in this high-risk population. Larger studies are needed to confirm the current 

findings and determine the reasons underlying these results.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Ambulatory blood pressure (BP) monitoring was assessed in 49 HIV+ 

individuals.

• Awake BP was higher in men versus women, but did not differ by race.

• Sleep BP was higher in African Americans versus whites and in men versus 

women.

• The BP dipping ratio was smaller in African Americans versus whites.
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Figure 1. 
Differences in ambulatory blood pressure measures between African American and white† 

HIV+ adults adjusted for age, sex, education, and mean clinic blood pressure††

BP = Blood pressure; DBP = Diastolic blood pressure; SBP = Systolic blood pressure
†Difference is calculated as BP in African Americans minus BP in whites
††SBP measures are adjusted for clinic SBP and DBP measures are adjusted for clinic DBP
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Figure 2. 
Differences in ambulatory blood pressure measures between men and women† with HIV+ 

adjusted for age, race, education, and mean clinic blood pressure††

BP = Blood pressure; DBP = Diastolic blood pressure; SBP = Systolic blood pressure
†Difference is calculated as BP in men minus BP in women
††SBP measures are adjusted for clinic SBP and DBP measures are adjusted for clinic DBP
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Figure 3. 
Prevalence of masked hypertension in HIV+ adults without clinic hypertension, by race and 

sex

AA= African American

Clinic hypertension was defined as clinic systolic blood pressure (SBP) ≥ 140 mmHg or 

diastolic blood pressure (DBP) ≥ 90 mmHg. Among participants who did not have clinic 

hypertension, those with mean awake SBP ≥ 135 mmHg or mean awake DBP ≥ 85 mmHg 

were categorized as having awake masked hypertension and those with mean sleep SBP ≥ 

120 mmHg or mean sleep DBP ≥ 70 mmHg were categorized as having sleep masked 

hypertension.

All differences are p>0.050.
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Table 2

Continuous clinic and ambulatory blood pressure measures in African American and white HIV+ adults

Mean (SD)

BP measure African American (n=24) White (n=25) p-value

Clinic SBP, mmHg 120 (10) 125 (10) 0.131

Clinic DBP, mmHg 72 (8) 77 (9) 0.053

Awake SBP, mean mmHg 126 (11) 124 (8) 0.596

Awake DBP, mean mmHg 83 (7) 82 (8) 0.717

Sleep SBP, mean mmHg 114 (12) 107 (7) 0.009

Sleep DBP, mean mmHg 71 (9) 65 (7) 0.010

SBP dipping ratio, mean percenta 9.0 (5.7) 14.0 (5.9) 0.004

DBP dipping ratio, mean percenta 14.6 (5.8) 21.1 (5.7) 0.003

DBP = Diastolic blood pressure; SBP = Systolic blood pressure; SD = Standard deviation

P-values are calculated using t-tests.

a
SBP dipping ratio was defined as 100%* [(awake SBP minus sleep SBP) divided by awake SBP] and the DBP dipping ratio as 100%* [(awake 

DBP minus sleep DBP) divided by awake DBP].
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Table 3

Dichotomous clinic and ambulatory blood pressure measures in African American and white HIV+ adults

BP measure African American (n=24) White (n=25) p-value

Clinic hypertension,a n (%) 3 (12%) 1 (4%) 0.609

Awake hypertension,b n (%) 9 (38%) 10 (40%) >0.999

Sleep hypertension,c n (%) 14 (58%) 6 (24%) 0.021

Non-dipping SBP,d n (%) 10 (42%) 5 (20%) 0.128

Non-dipping DBP,d n (%) 7 (29%) 0 (0%) 0.004

DBP = Diastolic blood pressure; SBP = Systolic blood pressure

P-values are calculated using Fisher’s exact tests.

a
Clinic hypertension was defined as clinic SBP ≥ 140 mmHg or DBP ≥ 90 mmHg.

b
Awake hypertension was defined as a mean awake SBP ≥ 135 mmHg or mean awake DBP ≥ 85 mmHg.

c
Sleep hypertension was defined as a mean sleep SBP ≥ 120 mmHg or mean sleep DBP ≥ 70 mmHg.

d
Non-dipping SBP and DBP were defined by dipping ratios < 10%.
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Table 4

Continuous clinic and ambulatory blood pressure measures in men and women HIV+ adults

Mean (SD)

BP measure Men (n=36) Women (n=13) p-value

Clinic SBP, mmHg 124 (9) 118 (12) 0.060

Clinic DBP, mmHg 75 (9) 73 (9) 0.466

Awake SBP, mean mmHg 127 (10) 120 (8) 0.026

Awake DBP, mean mmHg 84 (7) 77 (7) 0.002

Sleep SBP, mean mmHg 112 (10) 107 (10) 0.123

Sleep DBP, mean mmHg 69 (7) 65 (11) 0.278

SBP dipping ratio, mean percenta 11.7 (6.8) 11.2 (4.8) 0.783

DBP dipping ratio, mean percenta 18.5 (7.7) 16.4 (8.6) 0.414

BP = Blood pressure; DBP = Diastolic blood pressure; SBP = Systolic blood pressure; SD = Standard deviation

P-values are calculated using t-tests.

a
SBP dipping ratio was defined as 100%* [(awake SBP minus sleep SBP) divided by awake SBP] and the DBP dipping ratio as 100%* [(awake 

DBP minus sleep DBP) divided by awake DBP].
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Table 5

Dichotomous clinic and ambulatory blood pressure measures in men and women with HIV+.

BP measure Men (n=36) Women (n=13) p-value

Clinic hypertension,a n (%) 3 (8%) 1 (8%) >0.999

Awake hypertension,b (%) 17 (47%) 2 (15%) 0.054

Sleep hypertension,c n (%) 16 (44%) 4 (31%) 0.516

Non-dipping SBP,d n (%) 10 (28%) 5 (38%) 0.500

Non-dipping DBP,d n (%) 3 (8%) 4 (31%) 0.070

DBP = Diastolic blood pressure; SBP = Systolic blood pressure

P-values are calculated using Fisher’s exact tests.

a
Clinic hypertension was defined as clinic SBP ≥ 140 mmHg or DBP ≥ 90 mmHg.

b
Awake hypertension was defined as a mean awake SBP ≥ 135 mmHg or mean awake DBP ≥ 85 mmHg.

c
Sleep hypertension was defined as a mean sleep SBP ≥ 120 mmHg or mean sleep DBP ≥ 70 mmHg.

d
Non-dipping SBP and DBP were defined by dipping ratios < 10%.
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