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Race, Plasma Renin Activity, and Morning Blood Pressure
Surge—Results From the Dietary Approaches to Stop

Hypertension Trial

Finnian R. Mc Causland,’2 Ciaran J. McMullan,'2 Frank M. Sacks,>* and John P. Forman'2>

BACKGROUND

The association of preawake (difference between pre- and postwak-
ing blood pressure (BP)) and sleep-through surge (difference between
sleeping nadir and postwaking BP) with cardiovascular events is
unclear. Examination of factors associated with surge may provide
novel insights. We examined the association of race, which associates
with nocturnal dipping, and plasma renin activity (PRA) with preawake
and sleep-through surge among individuals on a controlled diet.

METHODS

We performed a post hoc analysis of 323 subjects from the Dietary
Approaches to Stop Hypertension trial who had available 24-hour BP
data and who ingested a control diet during a 3-week run-in period.
Linear regression models were fit to estimate the association of race
and PRA with preawake and sleep-through surge.

RESULTS
Of the 323 individuals, 55% were black, 53% were men, and the aver-
age age was 45 years. After controlling for other factors, black race was

Blood pressure (BP) increases abruptly (surge) upon
wakening, a phenomenon associated with heightened activ-
ity of the sympathetic nervous system and alpha-mediated
vasoconstriction.”? Various definitions have been proposed
for morning surge, including preawake surge (the difference
between pre- and postwaking BPs) and sleep-through surge
(the difference between the nadir nighttime and postwaking
BPs).? There are conflicting reports with regard to the asso-
ciation of higher morning systolic BP (SBP) surge with the
development of adverse clinical outcomes.*~”

Despite blacks having a higher burden of hypertension-
associated disease,1° a prior report has documented
less (rather than greater) sleep-through BP surge among
black individuals.!! However, this finding may have been

associated with a 3.2mm Hg lower preawake and a 3.7 mm Hg lower
sleep-through surge compared with nonblacks. In nonblacks, higher
PRA was associated with greater preawake surge only. There was no
association of PRA with either preawake or sleep-through surge in
blacks. Additional adjustment for dipping status resulted in attenuation
of the race-surge associations.

CONCLUSIONS

Black race is associated with lower preawake and sleep-through surge
compared with nonblacks, but the effect is partially attenuated by
dipping status. Higher PRA appears to be associated with a higher
preawake surge in nonblacks only. Further research should address if
morning surge is definitively associated with clinical outcomes in racial
subgroups, independent of dipping.
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confounded by a variety of factors, including diet, which is
known to have a potent role in the determination of BP.!? In
addition, previous studies have not evaluated whether pro-
posed racial differences in surge are related to plasma renin
activity (PRA), which is known to follow a diurnal pattern
(greater in the second half of sleep)'® '* and is usually lower
in blacks than nonblacks.'?

To further investigate these associations, we performed
post hoc analyses of individuals who consumed a con-
trolled diet in the Dietary Approaches to Stop Hypertension
(DASH) trial. We hypothesized that racial differences in
morning surge would persist in the presence of a controlled
diet and that PRA may contribute to the racial differences in
morning surge.
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METHODS
Study population

The DASH Trial was a multicenter, randomized, con-
trolled study designed to investigate the effect of 3 dietary
interventions on BP.!? All centers had individual institutional
review board approval, and all participants provided writ-
ten informed consent. The present analyses were deemed
exempt by the Partners Institutional Review Board.

The design of the trial has been described previ-
ously.!? Briefly, a total of 459 adult subjects aged =22 years
were enrolled in 5 separate cohorts over a 2-year period.
Ambulatory BP was measured in the last 4 cohorts only
(n = 362). Criteria for study inclusion included a screening
systolic BP of <160 mm Hg and diastolic BP of 80-95mm Hg
without use of antihypertensive medications. Major exclu-
sion criteria were poorly controlled diabetes mellitus, hyper-
lipidemia, a cardiovascular event within the prior 6 months,
renal insufficiency (estimated glomerular filtration rate
< 60ml/min/1.73m? or serum creatinine > 1.5mg/dl for men
or > 1.3mg/dl for women), chronic disease that could poten-
tially interfere with participation in the trial, pregnancy or
breast-feeding, body mass index > 35kg/m?, antihypertensive
medication use, unwillingness to cease vitamin supplements or
calcium/magnesium-containing antacids, and alcohol intake
> 14 drinks per week. A designated a priori goal was to recruit
two-thirds of the subjects from a racial or ethnic minority.

Trial design

The trial was conducted in 3 phases—screening, run-in,
and intervention. In the screening phase, participants con-
tinued their normal diet. During the 3-week run-in period
all participants were fed a control diet low in fruits, vegeta-
bles, and dairy but high in total and saturated fat (similar to
typical dietary intake in the United States). The sodium con-
tent of the control diet was approximately 3 g/day. Adherence
was assessed by self-report, direct observation, and 24-hour
urine sodium evaluation. Further details on the DASH Trial
have been published previously.!21617

Ambulatory BP measurements

Ambulatory recordings for the last 4 recruited cohorts
only were acquired at the end of run-in (during the 3rd week
of the controlled typical US diet) using the Space Labs 90207
device (Space Labs, Redmond, Washington). BP acquisition
was programmed to occur every 30 minutes over a period of
at least 24 hours. We excluded those with abnormal sleep/
wake cycles (defined as going to sleep between 4 am and 6
pM or waking up before 4 AM or after noon)'® and those with
missing data (>2 hours without readings) critical to the cal-
culation of morning surge. In addition, we excluded individ-
ual readings obtained within 10 minutes of a prior reading
and restricted BP data to a maximum of 24 hours. Finally,
we excluded those with <75% acceptable readings (SBP of
70-240mm Hg; DBP of 40-150mm Hg) throughout the
monitoring period. The final cohort for this study consisted
of 323 individuals.

Other measurements

Demographic variables (age, sex, race), baseline weight,
height, alcohol intake, smoking history, estimated annual
income, and anthropometric variables were recorded at
baseline. In addition, clinic BPs were recorded twice, 30 sec-
onds apart, at each of 3 screening visits and 4 visits during
the last week of the run-in period. These readings were taken
by trained staff using a random-zero mercury sphygmoma-
nometer and an appropriately sized cuff after subjects had
been seated quietly for 5 minutes.!> At each of these visits,
the 2 BPs were averaged. Baseline clinic BP was calculated as
the average reading over these 7 visits.

Exposures and outcomes

The primary exposures of interest for this study were
self-reported race (black vs. nonblack) and PRA. PRA
was measured by radioimmunoassay from stored venous
blood samples collected from each individual after an over-
night fast after being seated upright for at least 90 minutes.
Because of a highly right-skewed distribution, PRA was log-
transformed for all regression analyses.

The primary outcomes of interest were morning preawake
and sleep-through SBP surge. Preawake SBP surge was
defined as the difference between the mean SBP during the
2 hours immediately after waking and the mean SBP dur-
ing the 2 hours immediately before waking. Sleep-through
SBP surge was defined as the difference between the mean
SBP during the 2 hours immediately after waking and the
mean SBP during the nighttime hour that included the low-
est (nadir) SBP.>!*?0 Preawake and sleep-through SBP surge
were calculated using the individual sleep and wake peri-
ods that each participant recorded in their diary during the
ambulatory BP monitoring. Consistent with prior reporting
from this study, daytime BPs were calculated as the mean
of the values recorded between 8 AM and 6 Pm; nighttime
BPs were recorded as the mean of values recorded between
10 pMm and 6 aAM.!3

Statistical analysis

Continuous variables were examined graphically and
recorded as means (+ SDs) for normally distributed data or
medians (with interquartile ranges) for nonnormally distrib-
uted data. Comparisons were made using f tests, Wilcoxon
rank sum tests, analysis of variance, or Kruskal-Wallis tests,
as appropriate. Categorical variables were examined by fre-
quency distribution and recorded as proportions, and com-
parisons were made using the x? test.

The associations of race with preawake and sleep-
through SBP surge were estimated by fitting unadjusted and
adjusted linear regression models. Adjusted associations
were estimated in hierarchical models that included terms
for potential confounding covariables that were not felt
to plausibly lie on causal pathways. Model 1 was adjusted
for race (black vs non-black), sex (male vs female), age
and clinical site; Model 2 was additionally adjusted for
baseline weight, height, alcohol intake (0, 1-2, >2 drinks per
week), annual income (<$30,000, $30-59,000, >$59,000),

American Journal of Hypertension 27(4) April 2014 531



Mc Causland et al.

sub-scapular skin-fold thickness and smoking history (=100
or <100 cigarettes in lifetime); Model 3 was adjusted for
the same variables as Model 2, with the addition of mean
ambulatory 24-hour blood pressure. Linearity of continuous
variables was inspected graphically and by comparative
model fit diagnostics. The associations of log. PRA with
preawake surge and sleep-through surge were examined
in a similar fashion within black and nonblack subgroups.
In exploratory models, nocturnal dipping status (dipper
(nocturnal BP dip >10%) vs. nondipper) was added to the
list of covariables in model 3.

Nominal 2-sided P values < 0.05 were considered statis-
tically significant. Analyses were performed using STATA
10.0MP (STATA, College Station, TX).

RESULTS
Characteristics at the end of the run-in period

The mean age of the cohort was 45.1+10.4 years; 53.2%
were men; 55.1% were black. Black subjects were more likely
to be female, were younger, were of shorter stature, had
greater subscapular skin-fold thickness, consumed fewer
alcoholic beverages per week, and had lower income than
nonblack subjects. No significant differences were noted
in baseline weight, smoking history, or 24-hour urinary
sodium excretion between groups (Table 1).

There were no differences in standard office SBP, mean
24-hour ambulatory SBP, or daytime or nighttime ambu-
latory SBP according to race at the end of the run-in

Table 1. Baseline characteristics according to racial background?

period. Black individuals had significantly less nocturnal
dipping than nonblacks and demonstrated less preawake
SBP surge (11.2 vs. 14.3mm Hg; P = 0.01) and less sleep-
through SBP surge (17.5 vs. 21.4 mm Hg; P = 0.001) com-
pared with nonblacks (Table 2). Blacks also had lower
absolute (0.52, IQR = 0.22-0.89 vs. 1.18, IQR = 0.59-2.22)
and log-transformed PRA (-0.70+0.90 vs. 0.14+0.88)
than nonblacks at the end of the run-in period (P < 0.001
for both).

Association of race with preawake SBP surge

Black race was significantly associated with less pre-
awake surge in unadjusted (-3.2mm Hg; P = 0.01) and fully
adjusted models (model 3: —3.2mm Hg; P = 0.03) (Table 3).
Upon additional adjustment for log, PRA in the fully adjusted
model, the association of race with preawake surge became
attenuated (2.6 mm Hg vs. nonblacks; P = 0.09), suggesting
that PRA may be a pathway intermediate of the association
of race with preawake surge.

Association of PRA with preawake surge according to race

In further analyses, the association of log, PRA was exam-
ined in black and nonblack subgroups separately. In non-
blacks, each unit increase in log.,PRA was associated with
a 3.4mm Hg greater preawake surge (P = 0.01) in fully
adjusted models (model 3). In blacks, each unit increase in
log.PRA was nonsignificantly associated with a 0.9 mm Hg
greater preawake surge (P = 0.35).

Racial Background

Characteristics Total cohort Nonblack Black P value®
No. 323 145 178
Men, % 53.2 71.0 38.8 <0.001
Age, years 451+£104 46.8+11.6 43.7+9.2 0.01
Baseline weight, kg 82.2+14.9 81.9+14.9 82.4+14.9 0.73
Height, cm 170.9+9.4 172.7+9.5 169.5+£9.2 0.003
Subscapular skin-fold thickness, cm 22.6+8.4 19.9+7.4 249+84 <0.001
Annual income, $ <0.001
<30,000 32.2 20.0 421
30,000-59,000 43.0 44.8 41.6
>59,000 24.8 35.2 16.3
Alcohol, drinks/week 0.002
None 61.6 51.7 69.7
1-2 20.7 235 18.5
>2 17.7 24.8 11.8
Smoked 2100 cigarettes ever, % 39.3 35.2 42.7 0.17
Urine sodium, mg/day 3152+1,098 3219+1,070 3091+1,123 0.32

aContinuous variables are expressed as means * SDs.

5P value for difference; significance testing by t test for continuous variables and x? test for categorical variables.
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Table 2. Systolic blood pressure parameters at end of run-in period according to racial background?

Racial background

Mean BP parameter, mm Hg Total cohort Nonblack Black P value®
Office SBP® 13111 13111 13111 >0.90
24-hour ASBP 131+ 11 13111 131+ 11 >0.90
Daytime ASBP¢ 137+12 138+12 13721 0.23
Nighttime ASBP® 122+12 12112 123+12 0.17
Mean awake SBP 13711 13711 136+ 11 0.41
Mean sleep SBP 120+12 118+£12 121+ 11 0.06
Nocturnal decline in ASBPf 15+9 17+£10 14+8 <0.001
Preawake SBP surge?d 13+10 14+ 11 11+£10 0.01
Sleep-through SBP surge” 19+11 21+11 17+£10 0.001

Abbreviations: ASBP, ambulatory systolic blood pressure; BP, blood pressure; SBP, systolic blood pressure.

aContinuous variables are expressed as means * SDs.
bP value for difference; significance determined by ¢ test.

¢Average SBP over 3 screening visits and 4 separate days during the last week of run-in.

dAverage SBP between 8 am and 6 Pm.
¢Average SBP between 10 pm and 6 Am.
fAverage daytime SBP minus average nighttime SBP.

9Average SBP in 2 hours postwakening minus average SBP in 2 hours prewakening
PAverage SBP in 2 hours postwakening minus average SBP in nighttime hour with lowest SBP.

Table 3. Unadjusted and adjusted associations of race (black vs. nonblack) with preawake and sleep-through morning systolic blood

pressure surge

Mean difference for black vs. Nonblacks

Model Preawake surge, mm Hg

Sleep-through surge, mm Hg

Unadjusted

Model 2 -3.1
Model 3

-3.2 (-5.4t0 =0.9) P = 0.01

Model 1 -3.0 (-5.6 to —0.4) P = 0.02
(-5.9t0 -0.3) P = 0.03

-3.2 (-6.0 to -0.3) P = 0.03

-3.9 (-6.2 to -1.6) P = 0.001
-3.2 (-5.9to —0.5) P = 0.02
-3.6 (-6.5t0 =0.7) P = 0.02
-3.7 (-6.6 to —0.9) P = 0.01

Linear regression models were fit with effect estimates presented as beta coefficient (95% confidence intervals) and P value for difference.
Model 1 was adjusted for race (black vs. non-black), sex (male vs. female), age, and clinical site. Model 2 was additionally adjusted for baseline
weight, height, alcohol intake (0, 1-2, >2 drinks per week), annual income (<$30,000, $30,000-$59,000, >$59,000), subscapular skin-fold thick-
ness, and smoking history (2100 or <100 cigarettes in lifetime). Model 3 was adjusted for the same variables as model 2, with the addition of

mean ambulatory 24-hour blood pressure.

Association of race with sleep-through SBP surge

Black race was significantly associated with less sleep-
through SBP surge in unadjusted (3.9 mm Hg vs. nonblacks;
P = 0.001) and fully adjusted models (-3.7mm Hg vs.
nonblacks; P = 0.01), as shown in Table 3. Upon additional
adjustment for log PRA in the fully adjusted model (model
3), the association of race with preawake surge was slightly
attenuated (—3.2mm Hg vs. nonblacks; P = 0.049).

Associations of PRA with sleep-through surge according
torace

No significant association of log,PRA with sleep-through
surge was noted in either nonblack (2.0mm Hg per unit
increment in log PRA; P = 0.13) or black subgroups (1.0 mm
Hg per unit increment in log, PRA; P = 0.31).

Influence of nocturnal dipping on race-surge associations

In exploratory models, the effect of nocturnal dipping on
the race-surge relationship was assessed by inclusion of dip-
ping status (dipper vs. nondipper) as an additional covari-
able to model 3. The effect estimates for black vs. nonblack
with respect to both preawake (-2.3mm Hg, 95% confi-
dence interval (CI) = 4.9 to 0.3 mm Hg; P = 0.09) and sleep-
through surge (-3.0mm Hg, 95% CI = 5.7 to —-0.2mm
Hg; P = 0.03) were somewhat attenuated, suggesting that at
least part (but not all) of the blunted surge in blacks may be
related to less nocturnal dipping.

With respect to the association of PRA with preawake
and sleep-through surge, there were no qualitative differ-
ences in findings after addition of dipping status to the
fully adjusted models: greater PRA remained significantly
associated with greater preawake surge in the nonblack
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subgroup only (2.6 mm Hg per unit increment in log.PRA;
P =0.03).

DISCUSSION

To our knowledge, this is the first study to examine the
association of race and PRA with preawake and sleep-though
SBP surge in individuals who participated in a controlled die-
tary intervention. We found that (i) blacks had significantly
less preawake and sleep-through SBP surge than non-blacks;
(i) racial differences in preawake surge were attenuated after
controlling for PRA and dipping status; and (iii) higher PRA
was associated with greater preawake morning SBP surge in
nonblacks but not in blacks.

Racial differences have been previously reported in rela-
tion to morning BP surge, but there were important limi-
tations associated with these studies. Haas et al. found that
blacks had 3.8mm Hg less sleep-through SBP surge than
nonblacks in unadjusted analyses (P = 0.01). However, upon
adjustment for sex, age, and body mass index, the estimated
difference attenuated to 2.5 mm Hg and was no longer statis-
tically significant. The lack of a controlled diet and limited
information regarding potential demographic confounders
were significant limitations of that study.! Similarly, Neutel
et al. reported that blacks had less preawake surge than non-
blacks in a post hoc analysis of the PRISMA I and II studies;
however in this analysis, blacks constituted only 5% of the
overall cohort and again a controlled diet was not enforced.?!

In our analyses, we found that blacks had lower preawake
and sleep-through SBP surge compared with nonblacks
after consumption of a controlled diet for a 3-week period.
However, addition of log,PRA to the fully adjusted model
lead to significant changes in the effect estimates for the
association of race with both preawake and sleep-through
surge, suggesting that PRA (based on prior knowledge of
racial differences) may be a pathway intermediate of the
race-surge relationship. This prompted us to consider the
association of PRA with morning surge in black and nonblack
subgroups. In these analyses, we found no association
between PRA and sleep-through SBP surge in either black
or nonblack subgroups. However, we did find evidence for
a significant association between greater PRA and greater
preawake surge in nonblacks only. Although limited by
power and the use of cross-sectional data, these findings
may suggest that non-renin-mediated pathways may be
important in the determination of sleep-through surge
regardless of racial background, whereas renin-mediated
pathways may be more important in the determination of
preawake surge in nonblack individuals only.

Prior physiologic studies reported that PRA appears
to be highest in the latter part of sleep and prewakening
period.??> The preawake surge is determined by the differ-
ence in BP between the pre- and postwakening periods
(both of which occur during the early morning rise in
PRA, a time when alpha-mediated vasoconstriction is also
greatest).! In contrast, the nadir sleeping BP is determined
from the period during sleep in which the lowest BP is
recorded; this is likely subject to large within and between
person variability and likely occurs when the nocturnal
PRA is relatively flat. These may be contributing factors as
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to why we did not find an association between PRA and
sleep-through surge.

In our analyses, blacks had lower overall PRA than non-
blacks, consistent with numerous prior studies.?>-*> Various
theories have been postulated to explain this phenomenon,
including polymorphisms of the renin gene,? differences in
dietary sodium and potassium intake,”” and inherent differ-
ences in control of the renin-angiotensin-aldosterone sys-
tem.?® In our analyses, participants were exposed to the same
control diet and had no significant differences in measured
24-hour urinary sodium excretion, making diet a less likely
explanation for suppressed renin activity among blacks.
Differences in urinary potassium excretion according to race
have been noted before in this cohort, with blacks having lower
urinary potassium excretion at the end of the run-in period;?
however, lower PRA has also been reported in blacks in the
absence of detectable differences in urinary potassium.?

In exploratory analyses, we additionally adjusted for noc-
turnal dipping status in an attempt to ascertain the associa-
tion of race with surge, independent of dipping. We found
that the association of black race with lower preawake and
sleep-through surge attenuated after adjustment for dip-
ping but remained significant for sleep-through surge. These
finding suggest that at least part of the reason why blacks
have lower surge may be related to attenuated nocturnal dip-
ping but that dipping status alone is not sufficient to explain
the complete picture.

The major strengths of this study include detailed collec-
tion of data in the setting of a randomized, controlled trial,
the institution of a controlled dietary intervention for all
participants during the run-in phase of the study, and the
ability to adjust for potential demographic and socioeco-
nomic confounders. However, there are limitations of this
study that merit discussion. The relationship of log PRA
with SBP surge was assessed in a cross-sectional fashion,
and thus it is impossible to make any definite inference on
causality. PRA was measured only once at the end of the run-
in period, which could potentially lead to misclassification;
however, such misclassification would likely be nondifferen-
tial in nature and, if anything, bias our estimates toward the
null. The sample size was relatively modest, and the pres-
ence of residual confounding from incomplete adjustment
of considered variables in the setting of an observational
study remains a possibility. Finally, because there was only
1 ambulatory reading obtained at the end of the controlled
feeding period and because BP is dynamic and variable from
day to day, BP surge may likewise be variable.

The true implications of morning BP surge with adverse
clinical outcomes have been the topic of much debate and
conflicting literature in recent times. For example, some
studies have reported an increased risk of ischemic stroke?
and cerebral hemorrhage? and greater mortality with greater
morning BP surge,® whereas others have not.>” Because the
DASH Trial did not examine clinical outcomes, we were
unable to assess the clinical associations of morning BP
surge after the institution of a controlled diet. However, we
were able to confirm the presence of significant racial differ-
ences in preawake and sleep-through SBP surge in individu-
als participating in a controlled feeding study, with blacks
having less morning surge than nonblacks and PRA being
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associated with greater preawake surge in nonblacks only.
Importantly we noted that these relationships were attenu-
ated upon additional adjustment for dipping status, raising
the possibility that the clinical risk associated with attenu-
ated nocturnal dipping in blacks may partially outweigh any
potential benefit associated with less morning surge. Future
studies should test these associations in other cohorts and
definitively address whether greater BP surge is an inde-
pendent predictor of adverse cardiovascular events.
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