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Abstract

Black Americans suffer disproportionately from hypertension and hypertensive heart disease. Out-
of-office blood pressure is more predictive for cardiovascular complications than clinic BP;
however, the relative abilities of clinic and out-of-office BP to predict left ventricular hypertrophy
in black and white adults has not been established. Thus, we aimed to compare associations of out-
of-office and clinic blood pressure measurement with left ventricular hypertrophy by cardiac
magnetic resonance imaging among non-Hispanic black and white adults. In this cross-sectional
study, 1,262 black and 927 white participants of the Dallas Heart Study ages 30-64 years
underwent assessment of standardized clinic and out-of-office (research staff-obtained) blood
pressure and left ventricular mass index. In multivariable-adjusted analyses of treated and
untreated participants, out-of-office blood pressure was a stronger determinant of left ventricular
hypertrophy than clinic blood pressure (odds ratio [OR] per 10 mmHg, 1.48, 95% CI 1.34-1.64 for
out-of-office systolic BP and 1.15 [1.04-1.28] for clinic systolic BP; 1.71 [1.43-2.05] for out-of-
office diastolic BP and 1.03 [0.86-1.24] for clinic diastolic BP). Non-Hispanic black race/ethnicity,
treatment status and lower left ventricular ejection fraction were also independent determinants of
hypertrophy. Among treated Blacks, the differential association between out-of-office and clinic
BP with hypertrophy was more pronounced than in treated white or untreated participants. In
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conclusion, protocol-driven supervised out-of-office BP monitoring provides important
information that cannot be gleaned from clinic blood pressure assessment alone. Our results
underscore the importance of hypertension management programs outside the medical office to
prevent hypertensive heart disease, especially in high-risk black adults.
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INTRODUCTION

Non-Hispanic (NH) black Americans suffer disproportionately from hypertension (HTN).
Compared with all other US demographic groups, HTN is more prevalent, more severe, and
causes more left ventricular hypertrophy (LVH) in NH blacks,23 which is a powerful
predictor of hypertensive complications including heart failure, stroke, kidney failure, and
premature death.24-8.In black individuals, high blood pressure (BP) starts as early as age
ten,? and is associated with a more rapid transition from prehypertension to HTN.10 The
greater aggregate hemodynamic burden from earlier and more severe HTN and greater risk
of hypertensive complications has engendered a debate as to whether black patients should
have lower-than-usual BP treatment goals.11

The debate is over conventional clinic BP measurements, which can lead to both, over-
treatment of white-coat aggravated HTN and under-treatment of masked HTN.12:13 |deally,
BP is assessed with ambulatory BP monitoring to detect white coat HTN—high/
uncontrolled BP only in the medical clinic— and masked (uncontrolled) HTN—high/
uncontrolled BP only outside the medical clinic—and nocturnal HTN, the latter of which is
known to be common in black persons.14-17 However, ambulatory BP monitoring is not

widely utilized in everyday clinical practice due to its high cost and low reimbursement.
13,18,19

Unlike nocturnal BP assessment, daytime out-of-office BP measurement (usually performed
by the patient or a home nurse) is inexpensive, if standardized and protocol-driven, easy to
obtain and reasonably reliable.20 Yet, previous studies have not determined the importance
and differences between out-of-office vs. clinic BP as determinant of L\VVH in black and
white adults.

To obtain unbiased estimates of out-of-office vs. clinic BP values at the population level, we
analyzed data of 1,262 black and 927 white adults who participated in the Dallas Heart
Study, a multiethnic probability sample of the residential population of Dallas County,
Texas, and who underwent standardized out-of-office and clinic BP assessment.2!

We hypothesized that (1) due to greater life-long hemodynamic burden, LVH is more
common among black vs. white participants, (2) due to greater hemodynamic burden and
incomplete correction of HTN, LVH is more common in treated vs. untreated participants;
(3) because out-of-office BP is a better indicator of an individual’s “true BP,” it is also a
stronger determinant of LVH than clinic BP. If true, this finding would provide further
justification to promote HTN diagnosis and treatment programs that occur outside the
medical office.22:23
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The data that support the findings of this study are available from the corresponding author
upon reasonable request and approval by the institutional review boards and the publication
committee of the Dallas Heart Study. The study was approved by the institutional review
board (IRB) at both the University of Texas Southwestern Medical Center and the Research
Triangle Institute. Secondary analysis of the original data was approved by the Cedars-Sinai
IRB. All study participants provided written informed consent.

Dallas Heart Study Sample—Participants in the Dallas Heart Study constitute a
probability-based residential population sample for examining cardiovascular health
problems disproportionately affecting NH black individuals, who therefore were
oversampled; the methods, participation rates, and sample validation have been described
previously.2! The analyses in this report are based on 1262 NH black and 927 NH white
participants who had a complete set of BP measurements in the home (*out-of-office BP”)
and in the research clinic, completed the health survey, and underwent cardiac MRI (patient
flow chart, Figure 1). Hispanic white and black participants as well as other groups were
excluded due to low sample size.

Outcome variables

Measurement of BP—Both out-of-office and clinic BP were measured using a validated
oscillometric monitor (Welch Allyn, series 52000, Arden, North Carolina)24 by research
staff who were trained in proper technique.?! For each participant, the appropriately sized
arm cuff was determined, recorded, and used for all subsequent BP measurements. After at
least 10 minutes of rest with the subject seated, back supported, legs uncrossed and the cuff
at heart level, five consecutive measurements at each of two home visits (separated by a
mean of ~14 days) followed by a research clinic visit (a mean of ~30 days after the second
home visit). Measurements on the first home monitoring day are known to be higher and
unstable and therefore were excluded, as recommended?® and substantiated by preparatory
field work.2! To further reduce the influence of an alerting reaction on BP measurements,26
the average of the last three of five readings at the second home visit and the average of the
last three of five readings at the clinic visit were used to calculate mean values for out-of-
office and clinic BP, respectively.

Definition of BP categories—We list BP categories based on clinic and out-of-office BP
as normotension, white-coat HTN, masked HTN and sustained HTN in the untreated; and
controlled HTN, office-only uncontrolled HTN (which may include unnecessarily treated
participants with white-coat HTN or appropriately treated participants with a residual white-
coat tendency), masked uncontrolled HTN and uncontrolled HTN both per previous (out-of-
office <135/85 mmHg; clinic <140/90 mmHg define normality) and current guidelines
(<130/80 mmHg for both out-of-office and clinic BP define normality) due to the ongoing

and unresolved debate about normal cut-off values and nomenclature for these categories.
25,27-29
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Cardiac MRI—Electrocardiographic-gated stacks of short axis images were obtained
during breath-hold with a 1.5 T MRI system (Phillips Medical Systems, Best, The
Netherlands). Left ventricular muscle mass was obtained by manual tracing of the
endocardial and epicardial border of each slice and summation using the method of disks. As
previously reported, interobserver variability was 9.2+5¢g (5.8+3.5 %; n=15), intraobserver
variability was 10.5+8.6 g (7.1+6.0 %; n=8) and interscan variability was 4.9£10.9 g
(2.94£7.5 %; n=8).30 Furthermore, left ventricular ejection fraction was derived from: (left
ventricular enddiastolic volume-left ventricular endsystolic volume)/left ventricular
enddiastolic volume; and expressed as % (standard error). Cardiac MRIs were performed on
the same day when research clinic BP was assessed.

Definition of LVH by cardiac MRI—In a healthy subpopulation of Dallas Heart Study
participants with normal body weight, gender-specific values of LV mass indexed to body
surface (left ventricular mass index, LVMI) were obtained to define normal values as
previously described.39 LVH was defined as LVMI values greater than 97.5™ percentile: 89
g/mZfor women and 112 g/m? for men.30

Statistical methods—Descriptive statistics of participant characteristics of
antihypertensive medication untreated and treated NH black vs. NH white participants were
summarized as means and standard deviation (SD) for continuous variables and as
percentages for categorical variables (Table 1). Differences in baseline characteristics
between black and white subjects were compared with student t-test and Chi-square
statistics, as appropriate. In logistic regression models for LVH in the overall population, and
the subgroups of antihypertensive untreated and treated participants, we considered the
following explanatory variables for the models: age, gender, race/ethnicity, body mass index
(BMI), marital status, history of diabetes, current smoking, poverty factor (calculated as
annual income divided by 2007 U.S. poverty threshold: $10,210 for a single person and
$20,650 for a 4-person household), health insurance status and established primary
physician care. In the LVH prediction model we also added clinic and out-of-office systolic
BP. Non-linear relationships were evaluated with restricted cubic splines in the model, as
were interaction terms (no non-linear terms or interaction-terms were statistically
significant). Backward variable elimination of non-significant variables at an a-level>0.05
except for age and diabetes (previously described risk factors for L\VH) derived a
parsimonious model for masked HTN and LVVH. Adjusted odds ratios (aOR) and 95%
confidence intervals (CI) are reported. To address collinearity between clinic and out-of-
office systolic BP (correlation coefficient = 0.72, variance inflation factor 2.1 to 2.2) in the
regression models, we centered each BP variable (to a normal systolic BP value of 120) and
included their interaction as a predictor (not significant thus not included in the model). We
compared model fit using the Akaike and Bayesian Information Criteria. We used changes in
the deviance statistic, Delta(—2LogL ikelihood), to determine that the model with both BP
variables had significantly better statistical fit than models with only one BP predictor. To
further demonstrate the greater independent association between out-of-office than clinic
systolic BP with L\VVH, we created separate models for L\VVH, with only clinic or out-of-office
systolic BP included and compared the strength of association (B-estimates) of out-of-office
vs. clinic BP with LVH by cardiac MRI using the Wald’s test. Uniformly, out-of-office
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systolic BP was the stronger determinant of LVH compared to clinic systolic BP (Wald’s test
p<0.01), in the overall population, as well as in the untreated and treated subgroups. Model
fit/performance also was better with out-of-office systolic BP and best with inclusion of both
in the model. In addition, we repeated multivariable analyses with clinic and out-of-office
diastolic BP in the model. SAS version 9.4 (SAS Institute Inc., Cary, NC) and Frank
Harrell’s rms library in R version 2.15.3 (The R Foundation for Statistical Computing) were
used for statistical analyses.

Characteristics of Treated and Untreated NH Black and NH White Participants

The patient flow diagram is shown in Figure 1. Characteristics of the included untreated and
treated black and white participants are shown in Table 1. Untreated participants were
younger, less likely to be obese and NH Blacks had lower adjusted household annual income
and were less likely to be married than NH Whites, had higher clinic and out-of-office BPs
and greater LV mass index by cardiac MRI than Whites regardless of treatment status.

Clinic and out-of-office BP measurements

BP measurements obtained both in the clinic and at the participants home showed a
downward trend with repeated measurements (i.e., alerting reaction during initial cuff
inflation, Figure 2). This alerting reaction was previously shown in the Dallas Heart Study to
be independently associated with target organ complications.3! On average, while BP
readings obtained from NH Blacks were higher than those of Whites, at all readings and
sittings, in untreated participants—both black and white—out-of-office systolic BP was
lower than clinic systolic BP, suggesting a white-coat effect. However, in treated participants
this difference was smaller in white participants and reverse in NH Blacks suggesting a
masked HTN effect (Table 1, Figure 2).

Effect of the 2017 revision of the JNC-7 guidelines

As shown in supplemental table S1, the adoption of the 2017 revision of the INC-7
guidelines 252729 jmmediately caused the prevalence of participants in the BP categories
that definitively infer elevated risk—sustained HTN and masked HTN in the untreated and
uncontrolled and masked uncontrolled HTN in the treated subgroups—to rise from 23% to
37% in black untreated and from 11% to 17% in white untreated participants. Furthermore,
the proportion of treated participants that fall into these elevated risk BP categories increased
from 62% to 70% in NH Blacks and from 45% to 53% in NH Whites.

Factors Associated with LVH

Both systolic and diastolic out-of-office and clinic BPs were higher in white and black
participants with L\VH. After multi-variable adjustment among all participants, while LVH
was strongly associated with clinic systolic BP (per 10 mmHg, aOR 1.15, 95% CI 1.04-1.28)
it was more strongly associated with out-of-office systolic BP (per 10 mmHg, aOR 1.48,
95% CI 1.34-1.64). NH Black race/ethnicity was a strong independent determinate of LVH
(aOR 1.82, 95% CI 1.28-2.61), as was lower left ventricular ejection fraction (aOR 0.78,
95% CI 0.73-0.84), current smoking and antihypertensive medication treatment, while
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higher adjusted household income was protective from presence of LVH (table 2,
supplemental table S2; no other characteristics listed in Table 1 were independently
associated with LVH).

Results were similar in the subgroups of untreated and treated black participants. However,
we found a greater odds ratio for LVH associated with clinic systolic BP among untreated
black participants—indicating that in this group, clinic BP evaluation appears to be a
reasonable screening tool which should be confirmed with home or ambulatory BP
assessment. Out-of-office systolic BP was strongly associated with LVVH in treated but not in
untreated white participants (supplemental Table S3). Statistical power in the latter group
however was low with an LVVH prevalence of only 4%.

In the treated subgroup of participants, clinic systolic BP was not a significant determinant
of LVH after adjustment for out-of-office systolic BP, underscoring the differential
importance of evaluating out-of-office BP to guide HTN treatment. The fact that all other
variables—including NH black race/ethnicity—did not associate at an alpha level of 0.05,
may be at least partially explained by the significantly lower statistical power in this
subgroup.

Additional multivariable-adjusted analyses of determinants of L\VVH with inclusion of
diastolic BP values showed also a stronger association of out-of-office than clinic diastolic
BP with LVH among other predictors (supplemental table S2). Overall model fit for LVH
was worse with diastolic BP values than with systolic BP values.

Figure 3 shows that the gradient of increased LVH probability with increased systolic BP
was much steeper for out-of-office BP than for clinic BP among treated black participants
(p<0.01). Similar trends were found for treated white participants and for untreated black
and white participants, but these trends did not achieve statistical significance.

DISCUSSION

In the largest and, to our knowledge, the first population-based study comparing out-of-
office vs. clinic BP with cardiac MRI-derived LVH among NH white and NH black adults,
yielded several important insights: First, in treated NH blacks out-of-office BP values were
not lower, but numerically higher than clinic BP values suggesting a masked HTN effect in
this high-risk group. Second, out-of-office systolic BP was a more potent determinant of
LVH in all participants irrespective of race/ethnicity or treatment status. Third, among
treated NH black participants, the gradient of increased LVVH probability with increased
systolic BP was much steeper for out-of-office BP than for clinic BP, suggesting that
assessment of systolic BP outside the doctor’s office is crucially important and that ignoring
these values constitutes a potentially missed opportunity for preventing or treating
hypertensive heart disease.

Two distinctive features of the Dallas Heart Study—rigorous protocol-driven measurement
of both out-of-office BP and clinic BP, and a high prevalence of untreated HTN—allowed us
to uncover the importance of out-of-office BP assessment. The effect was especially strong
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in high-risk NH black hypertensives, who have in general a much higher rate of HTN-related
complications including hypertensive heart disease, compared to other groups.2-3

In our multi-ethnic population-based study, antihypertensive drug therapy uncovered a
“masked HTN” effect in treated hypertensive NH blacks. Previously, in strictly non-black
clinic cohorts, antihypertensive therapy has been shown to lower conventional clinic/office
BP more than it lowers 24-hour ambulatory BP, thus in many patients converting sustained
HTN to masked (or partially-treated) HTN.26:32-35 Our data show that out-of-office BP
monitoring is sufficient—except for the detection of uncontrolled nocturnal HTN which can
only be derived from ambulatory BP monitoring—to detect cases of such partially-treated
HTN that merit intensification of therapy. These results agree with echocardiogram-derived
LVH of a smaller study, which indicated that home BP and ambulatory BP have a similar
ability to detect HTN-related target organ damage.3® In addition, in a large study from
Belgium research-staff obtained out-off-office BP readings—similarly to our study—
predicted cardiovascular events underscoring the validity and importance of our findings.3’

While many prior studies have emphasized nocturnal HTN as one cause for the excessive
LVH in blacks,14.15.38.39 gyr data implicate daytime uncontrolled out-of-office systolic BP
as another potential cause. Among treated black adults the dramatically steeper gradient of
LVH with out-of-office than clinic systolic BP suggests that evidence-based out-of-office BP
treatment goals will need to be established to optimize the medical management of HTN and
the prevention of hypertensive heart disease. The comparatively flat slope of the clinic
systolic BP- LVH relationship suggests that the debate over lower-than-usual BP goals for
black patients is less important than whether out-of-office BP monitoring should become the
gold standard for managing HTN. Although previous studies have established optimal
thresholds for out-of-office BP among different ethnic groups, the thresholds were
established based on cardiovascular outcomes rather than left ventricular structure or
function.25:40

We also demonstrate a close association of lower LVEF with LVH, which has been
previously described in the population-based Cardiovascular Health Study.#! Increased LV
mass indexed to body surface area was a strong predictor of depressed left ventricular
function after an average of 4.9 years of follow up independently of age, baseline blood
pressure, diabetes, and coronary artery disease.

Several limitations of our study should be noted. Our data do not provide information on
causality or a mechanistic explanation for the higher out-of-office than clinic BP in treated
black hypertensives; greater psychosocial life stress is one documented cause.*? Out-of-
office BP measurement was assessed in a standardized fashion by research staff not
participants, which may have resulted in a small residual white-coat effect associated with
out-of-office BP readings. Our out-of-office BP measurements are therefore not completely
interchangeable with usual self-home BP monitoring. However, because of this small
residual white-coat effect the magnitude of the difference between clinic and out-of-office
BP as well as the association of out-of-office BP with LVH is—if at all—underestimated in
our study. Furthermore, ambulatory monitoring data, which provides more measurements
during daily activities including sleep and thus is superior to out-of-office BP assessment
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alone, was not assessed. Nonetheless, these out-of-office BP readings were sufficient to
show an independent association with L\VVH. Although out-of-office BP assessment has
inferior sensitivity to detect masked HTN or uncontrolled (daytime and nighttime) HTN,
43.44 it plays an important role in the management of HTN.37 Lastly, we cannot completely
exclude that antihypertensive treatment was started or intensified between home and clinic
visits, which may have lowered clinic BP and overestimate the prevalence of masked HTN.
However, other community-based BP screening studies show that only a very small
percentage of patients receive a new diagnosis of HTN or get started on antihypertensive
treatment in such programs.4>-47 Furthermore, the prevalence of masked HTN in our study
is consistent with#® or even below that of previous studies,*® which in part may be due to the
fact that masked HTN is linked to older age and that the mean age in our study was
comparably lower.

Perspectives

This cross-sectional study shows that protocol-driven out-of-office BP monitoring provides
important information that cannot be gleaned from clinic BPs alone. This finding has strong
implications for the diagnosis and medical management of HTN in the high-risk black
population in whom out-of-office BP is commonly higher than clinic BP (i.e., masked
HTN). In this era of evidence-based practice guidelines, a randomized controlled trial is
needed to prove that treatment of out-of-office (or ambulatory) BP is superior to the
treatment of clinic BP. Yet, our observational data raise a potential concern that strict
reliance on conventional clinic/office-based BPs promotes missed opportunities for
preventing hypertensive heart disease in blacks. Importantly, our data justify HTN detection
and management programs that focus on BP measured outside the medical office.22 23
Clinical outcome trials that evaluate out-of-office BP as treatment target are indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance
What is new?

Our unique study correlates protocol-driven clinic and out-of-office BP with left
ventricular hypertrophy derived by the gold standard method, cardiac MRI in a large
sample of non-Hispanic black and white adults.

What is relevant?

Out-of-office BP correlates much closer with presence of left ventricular hypertrophy
than clinic BP.
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Summary:

Relying strictly on clinic BP in the management of hypertension constitutes for potential
missed opportunities in the prevention of hypertensive heart disease.
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N=2
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25 Hispanic black
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11 American Indian

38 Asian

330 Otherrace/ethnicity
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Treated Whites
N=192

Figure 1. Patient flow chart.
Abbreviations: BP indicates blood pressure; HTN, hypertension; MRI, magnetic resonance

imaging; NH, non-Hispanic.
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Figure 2. Mean values (and standard errors) of subsequent blood pressure readings in untreated
(top panels) and treated (bottom panels) in the research clinic and the participants’ home.

Due to the alerting reaction initial high blood pressure readings continue to fall in
subsequent measurements, leveling out in the last 3 readings. This observation provided
rationale to use the average of the last three clinic and out-of-office blood pressure
measurements for all analyses.
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Adjusted Probability of LVH
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Figure 3. Adjusted probability of LVH using out-of-office vs. clinic BP measurements in treated
and untreated participants.

After multivariate adjustment, the risk of L\VVH with higher systolic BP increases much more
steeply with out-of-office than clinic BP (thicker line), particularly in treated NH black
subjects (panel A, left) with less differential slopes in untreated participants (panel B) when
other model variables are kept constant. Abbreviations: BP indicates blood pressure; NH,
non-Hispanic.
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Table 1.

Characteristics of untreated and treated NH black vs NH white participants

Untreated for HTN

Treated for HTN

Participant characteristics

NH Black (n=917)

NH White (n=735)

NH Black (n=417)

NH White (n=120)

Demographic Characteristics
Age, mean (SD), years

Female, %
Body Mass Index, mean (SD), kg/m2

Married or Living with Partner, %

Poverty Factor, 4 mean (SD)

Health Insurance, %

1

Blood Pressure, © mean (SD), mmHg

Systolic, Clinic
Diastolic, Clinic
Systolic, Out-of-Office

Diastolic, Out-of-office

429"
57"
29(7)"
38~
26(1.8)"

7"

125 (17)*
77097
123 (16) *

78(9)”

Cardiovascular Risk Factors and History

Family History of Hypertension, %
Diabetes, %

Current Cigarette Smoker, %
Obesity, %

Prior MI, %

Prior Stroke, %

Laboratory data

Serum Creatinine, mean (SD), mg/dL
Cardiac MRI data

LVEF, % (SE)

LV Mass Index, mean (SD), g/m?
LVH, %

64"

31

46~

09 (05~

71 (0.08
85 (18) *

13%

43 (10)
51
28 (6)
56
39(2

84

121 (13)
76 (8)
117 (13)

74 (8)

54

28

32

0.9 (0.1)

71 (0.07)
79 (16)

4

51 (8)
64

33(8)

*

41

*

2.6 (1.9)
81

*

139 (19)

83 (10)*

*

141 (21)

86 (11)

78

26

*

32

*

66
8
9

1.0 (0.8)

71 (0.1)
93 (27) "

*

31

52 (7)
55
32(7)
57

40(22)

88

133 (15)
81 (9)
132 (15)

81 (8)

72

19
19

56

0.9 (02)

72 (0.09)
84 (20)

17

*
P<0.05 for comparison between black and white.

fCaIcuIated as income/2007 United States poverty level: $10210 for a single person and $20650 for a 4-person household.

’tAverage blood pressure from last three of five measurements.

Page 18

Abbreviations: DBP, diastolic blood pressure; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; MI, myocardial infarction;

No, number; SBP, systolic blood pressure; SD, standard deviation; SE, standard error.
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