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There is a well-described log-linear relationship between 
average systolic blood pressure (SBP) and diastolic BP and 
risk of incident and recurrent stroke.1 Current guidelines for 
BP targets do not take into account sex, body size, or other 
physiological considerations. However, baseline resting BP 
is, related to body size: premenopausal women have lower 
BPs than men2; in children, BPs are correlated with height.3,4 
Similarly, in nonhuman mammals, BP varies by size: BP is 
significantly lower, for example, for a 10-g mouse than for an 
elephant weighing 4 metric tons.

Given that resting BP in mammals is in part a function of 
body size, we wondered if the long-term pathophysiologic 
effects of a given BP may be more marked when distributed 
across the vasculature of a smaller as opposed to a larger 
patient: a mean resting BP of 160 mm Hg, for example, could 
possibly have more marked pathophysiologic effects in a 

1.5 m tall, 50 kg woman as opposed to a 1.8 m, 80 kg man. 
Thus, it is possible that guidelines for BP targets should be 
modified to include considerations regarding body size. This 
hypothesis is also supported by previous large-scale meta-
analyses of observational studies, which have found a weak 
but significant negative correlation between height and inci-
dence of stroke and coronary heart disease.5,6

Our primary aim was to explore whether a lower (<130 mm 
Hg) vs. higher (130–149 mm Hg) SBP target was of greater 
benefit in smaller vs. larger patients for prevention of recur-
rent stroke and death. We examined the association between 
anthropometric measurements, including body surface area 
(BSA), body mass index (BMI), height, and weight, and 
recurrent stroke and death in the Secondary Prevention of 
Small Subcortical Strokes (SPS3) Trial, which randomized 
patients with recent symptomatic lacunar infarcts to 2 
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different SBP targets. Given that smaller beings seem to have 
lower resting BPs than larger beings, we hypothesized that 
smaller patients (i.e., those with lower BSA, BMI, height, or 
weight) randomized to the lower BP target would experience 
fewer vascular events and death than those randomized to 
the higher target, while a difference between the BP arms 
would be attenuated in larger patients.

METHODS

SPS3 was an international, multicenter, randomized 
phase 3 trial (NCT00059306) examining strategies for sec-
ondary prevention of small subcortical (lacunar) infarcts. 
The rationale, design, and BP protocol have been previ-
ously described.7–10 In brief, subjects aged 30 and older were 
enrolled within 6 months of a symptomatic, magnetic reso-
nance imaging-proven lacunar infarct or within 6 months of 
a recent symptomatic stroke event and multifocal magnetic 
resonance imaging-proven small subcortical strokes. Those 
with a presumed hemispheric clinical localization and evi-
dence of ipsilateral carotid stenosis ≥50% or major-risk car-
dioembolic source were excluded. Subjects were randomized 
to 2 interventions in a 2-by-2 factorial design: (i) antiplate-
let agents (double-blind): (a) aspirin 325 mg/d alone or (b) 
aspirin plus clopidogrel 75 mg/d and (ii) BP control targets 
(open-label): (a) higher target (SBP 130–149 mm Hg) or (b) 
lower target (SBP < 130 mm Hg). Subjects who were on anti-
hypertensive medications at the time of initial assessment 
did not discontinue their regimens. Following randomiza-
tion, subjects with BP values outside the target range were 
seen at least monthly for BP measurement and antihyperten-
sive medication adjustment. Subjects whose BP was within 
target range were seen every 3 months. If BP was not in tar-
get at a follow-up visit, the subject was asked to return within 
1 month. In accordance with a strict protocol, 3 consecutive 
BPs, 5 minutes apart, were measured in the mornings, prior 
to medication, caffeine or tobacco, and after the patient was 
sitting quietly for 15 minutes.11 An automated Colin 8800C 
device (Omron Technologies, San Antonio, TX) was used 
for measurement. Height and weight were measured by the 
study coordinator at the initial randomization visit.

Statistical methods

BSA was estimated by the Mosteller formula.12 BSA, BMI 
(weight in kilograms/height in meters squared), height, 
and weight were categorized into quartiles of distribution. 
Supplementary analyses were also performed according 
to World Health Organization cut points for categoriza-
tion as normal or underweight, overweight, or obese (<25, 
25–29, ≥30 kg/m2). The effects of randomized treatment 
on events (all stroke, death) were evaluated with crude and 
multivariable Cox proportional hazard models. We ini-
tially examined hazard of all stroke, ischemic stroke, hem-
orrhagic stroke, death, and major vascular events but did 
not perform further analyses for stroke subtypes and major 
vascular events due to low event rates and the large propor-
tion of ischemic stroke accounting for both all stroke and 
major vascular events. Covariables included age, sex, race, 

region, and history of hypertension and were considered for 
the multivariable model based on their potential to impact 
anthropometrics and vascular outcomes independent of 
the potential causal pathway between the 2 and availabil-
ity of baseline data. Consistency of the effect of treatment 
on stroke and death across body size quartiles and World 
Health Organization BMI cut points were examined using 
tests of homogeneity that were performed by adding a mul-
tiplicative interaction term between exposure quartile and 
BP group to Cox models and were also tested by fitting BSA, 
BMI, height, or weight as continuous variables and includ-
ing a “treatment × body size” multiplicative interaction term 
in the model. Mean difference in BP between baseline and 
follow-up at year 1 was calculated for each body size quartile.

In order to ascertain whether hazard of recurrent stroke 
and death differed across body size quartiles, we computed 
rates for each event by quartiles of each of the anthropomet-
ric measures, using the lowest quartile as reference. Both 
crude and multivariable hazard ratios (HRs) were exam-
ined, again adjusting for age, sex, race, region, and history 
of hypertension. Further, we fit models with restricted cubic 
splines with 5 predetermined knots to determine whether 
there was a nonlinear association between each anthropo-
metric measure and the risk of a primary event.13 Crude 
annualized rates of events by quartile using the person-year 
method were also explored. We assumed that body size 
parameters did not change substantially over the course of 
the study.

Analysis was by intention-to-treat. Statistical analyses 
were conducted with SAS v9.3 (SAS Institute, Cary, NC). All 
statistical tests were 2-tailed and performed at a 0.05 level of 
significance. As this was a post hoc analysis, we considered 
these analyses to be hypothesis generating.

SPS3 was performed in accordance with each participating 
site’s ethical standards of the local institutional review board. 
No additional consent was required for this subanalysis.

RESULTS

Three thousand and twenty subjects were enrolled and 
followed over a mean of 3.7 (range 0–8.6, SD 2.0) years. 
Mean age was 63 (494 were aged 75 and older), and 63% 
were male. At baseline, mean height was 167 cm (SD 11) and 
weight was 81 (SD 18) kg, with a BMI of 29 (SD 5.9) kg/m2 
and a BSA of 1.9 (SD 0.25) m2. There were no significant dif-
ferences in any of the body size metrics between participants 
randomized to the higher vs. lower BP targets. In the first 
year of follow-up, 89% in the 130–149 mm Hg group (mean 
SBP at 1 year: 138 mm Hg, SD 14) and 90% in the <130 mm 
Hg group (mean: 127 mm Hg, SD 14) reached target BP at 
one or more visits.

As compared with subjects with lower BSA, those with 
higher BSA were younger, male, North American, and non-
Hispanic. Subjects with higher BSA had a higher prevalence 
of diabetes, hypertension, smoking, ischemic heart dis-
ease, and use of aspirin and statin at enrollment (Table  1, 
Supplementary Table e-1).

Over the course of follow-up, there were 277 recurrent 
strokes (annualized rate of 2.5%/year), 88% of which were 
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ischemic, 207 deaths (1.8%/year) and 348 major vascular 
events, 80% of which were strokes, and the remaining 20% 
of which were myocardial infarctions or vascular deaths. 
There was an overall nonsignificant reduction in all recur-
rent stroke (HR 0.81, 95% CI 0.64–1.03, P = 0.08) and a sig-
nificant reduction in hemorrhagic stroke (HR 0.37, 95% CI 
0.15–0.95, P = 0.03) in the lower target BP group compared 
with the higher BP target group and no difference between 
the groups with regard to death (HR 1.03, 95% CI 0.79–1.35, 
P = 0.82) or myocardial infarction (HR 0.88, 95% CI 0.56–
1.39, P = 0.59).10

Mean reduction in BP between baseline and 1 year was 
similar across body size quartiles. Relative risk reduction for 
recurrent stroke and death was similar across all body size 
quartiles for BSA, BMI, and height. There was heterogeneity 

between risk reduction for stroke across weight quartiles; 
however, the reduction was significant in favor of the higher 
target for the second weight quarter only (Figure  1A–D, 
Table 2).

Event rates for body size quartile are detailed in 
Supplementary Table e-2. Visual exploration of hazard of 
stroke per quartile for BSA, BMI, and weight demonstrated 
an overall J-shaped or U-shaped curve in several instances, 
where the lowest and highest body size quartiles experienced 
higher event rates than the middle quartiles, while rates of 
stroke and death trended upward with increasing height 
(Figure 2). Rates of death trended downward with increasing 
BSA, BMI, and weight (Figure 2). After multivariable adjust-
ment, hazard of stroke or death did not change significantly 
with increasing BSA, BMI, or weight. None of these linear or 

Figure 1.  Effects of lower vs. higher SBP targets on risk of recurrent stroke and death according to baseline quartiles of BSA (A), BMI (B), height (C), 
and weight (D). Model adjusted for age, sex, race-ethnicity, region, and history of hypertension. Mean difference in SBP is between baseline and 1 year. 
Abbreviations: BMI, body mass index; BSA, body surface area; SBP, systolic blood pressure.

http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu228/-/DC1
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Figure 1.  Continued

nonlinear relationships demonstrated statistical significance 
(Supplementary Figure 2A–D).13

DISCUSSION

These results provide evidence that the currently accepted 
targets for BP treatment are relevant over a wide range of 
body sizes. We found no relationship between rates of vascu-
lar outcomes and body size, nor did we find a consistent sta-
tistically significant interaction between assigned pressure 
target and body size for any of the anthropometric measure-
ments. Although the analysis for effect modification of body 
size on hypertension outcomes did yield some statistically 
significant results, in the context of multiple comparisons, 
small absolute numbers of some events (e.g., hemorrhagic 

stroke), and the lack of consistency across measures and out-
comes, we cannot be confident that these findings are not 
due to chance.

Our results corroborate those found in a previous suba-
nalysis of another secondary prevention trial examining 
BP treatment after stroke. Investigators using data from the 
PROGRESS trial, which randomized participants within 
5  years of ischemic or hemorrhagic stroke or transient 
ischemic attack to perindopril ± indapamide vs. placebo, 
found no differential risk reduction between the perindopril 
and placebo arms across quartiles of BMI.14

There are a number of possible explanations for the 
lack of an interaction between anthropometric measures 
and BP targets with body size in SPS3. First, a lower-than-
expected event rate may have precluded our ability to detect 

http://ajh.oxfordjournals.org/lookup/suppl/doi:10.1093/ajh/hpu228/-/DC1
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Figure 2.  Adjusted hazard ratios for stroke (A) and death (B) by body size quartile. Hazard ratios are expressed using the lowest quartile (Q1) as refer-
ence. 95% confidence intervals are denoted by dotted lines. Abbreviations: BMI, body mass index; BSA, body surface area.

a difference between groups over the span of follow-up. 
Second, given the excellent overall BP control in SPS3, it is 
possible that a differential effect of hypertension based on 
body size may not be detectable. Third, it is possible that 
the metrics chosen to describe body size are inadequate to 
ascertain the role of body habitus in the pathophysiological 
effects of hypertension; it may be necessary to integrate other 

information not collected in SPS3 including waist circumfer-
ence, body fat percentages, or genetic, ethnic, hormonal (i.e., 
postmenopausal or not), or other considerations. Fourth, it 
is possible that any differential effects of BP targets may have 
been attenuated by pleiotropic medication effects. Thiazide 
diuretics, for example, have been associated with greater 
cardiovascular risk reduction in obese patients as compared 
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with nonobese patients.15,16 Antihypertensive regimens in 
SPS3 were uncontrolled and left to the discretion of the site 
investigators, and it is possible that differential use of various 
antihypertensive classes may have modified the anticipated 
relationship between body size and hypertension-related 
outcomes in unexpected ways. Finally, the SPS3 cohort, by 
inclusion, had already experienced an incident vascular 
event (lacunar stroke)—it is possible that the relationship 
between BP and body size may be more pronounced with 
respect to incident and not recurrent cardiovascular and/or 
cerebrovascular events.

Perhaps the most likely explanation is that overall body size 
in adulthood has little clinically relevant impact on the associ-
ation between ideal resting BP and vascular outcomes in adult 
humans. The positive relationship between body size and 
mean BP among mammals of varying body size is nonlinear; 
instead both increase on approximately an exponential scale 
proportional to the distance between the head and the heart17: 
Mean systolic pressure is 93 mm Hg in a 10-g mouse and 
156 mm Hg in a 4-ton elephant, while long-necked mammals 
have much higher mean pressures—mean arterial pressure 
in llamas is 152 ± 13 mm Hg and in giraffes, it is 185 ± 42 mm 
Hg.18 The observations of our study provide confidence that 
the current human thresholds for treatment remain relevant 
over a wide range of body sizes. Targeting treatment based 
upon body size does not result in a measureable reduction in 
risk; if there is a differential reduction in risk, it is small.

The relationship between body size, BMI in particular, 
and vascular events remains controversial. In PROGRESS 
trial, the absolute risk reduction of vascular events was more 
pronounced for patients with higher BMIs, with the num-
ber needed to treat in the highest BMI quartile (28) being 
more than double that in the lowest (13). In SPS3, however, 
we found an overall trend toward a decrease in death with 
increased body size (BSA, BMI, and weight) and a U-shaped 
trend for stroke rates with increasing BSA, BMI, and weight. 
In patients aged 75 and older, however, larger body size 
(BSA, height, and weight) was associated with a trend toward 
an increase in stroke and death. Given that none of these 
relationships, either linear or nonlinear, were found to be 
statistically significant, these trends may be due to chance. 
However, given this was not a prespecified analysis, sub-
groups may have been underpowered to demonstrate sig-
nificance in this exploratory, hypothesis-generating analysis.

Several epidemiological studies have suggested that there 
is a so-called “obesity paradox,” whereby obese patients expe-
rience lower rates of vascular events and death than patients 
with lower BMIs.19–22 Our cohort also suggests that in 
patients with lacunar infarcts, there is also a suggestion that 
larger patients (increasing BSA, BMI, and weight) experience 
lower rates of death. Further exploration of the relationship 
between body size and risk of vascular events and death in 
the poststroke population is warranted in future studies to 
help guide prognostication and management.

Our study’s primary strength is its large, well-defined 
prospective cohort of multiethnic subjects, validated, reg-
ular BP measurements, and its length of follow-up. The 
observations here are limited by the inclusion and exclu-
sion criteria of SPS3 and by the nature of data collection in 
the trial. Only 10% of subjects in SPS3 had ischemic heart 

disease, under 5% had congestive heart failure, and all sub-
jects with marked renal dysfunction (creatinine clearance 
was <1.73 ml/m2/min) were excluded. It remains possible 
that a subset of patients not sufficiently represented in the 
SPS3 cohort with particular medical comorbidity might be 
responsive to a lower BP target in the context of a smaller 
body size.

Body size has been associated with markers of vascular 
risk in population-based studies. The association between 
BMI and metabolic risk factors is well documented, and 
population-based data also suggest an association between 
height and vascular risk: in a cardiac imaging study, taller 
individuals had a lower odds of coronary artery calcifica-
tion than shorter participants.23 Greater height has also 
been associated with lower risks of sudden cardiac death,24 
ischemic heart disease,6 atrial fibrillation,25 and stroke.5,6,26 
However, the directionality and nature of the relationship 
between body size and vascular risk has yet to be clarified.

CONCLUSIONS

We found no evidence that smaller patients benefitted 
more from aggressive SBP control than larger patients after 
lacunar stroke. Though physiological studies have suggested 
that larger patients may have more favorable central hemo-
dynamics than shorter individuals,27 it is unclear whether 
this actually translates to meaningful differences in clinical 
risk. Further investigations, including subclinical markers 
such as longitudinal neuroradiologic or cognitive changes, 
may be required to ascertain the differential pathophysi-
ological effects of hypertension on patients of different body 
sizes. There is no compelling evidence at this time to recom-
mend body size–based modifications to current BP targets 
for secondary prevention after lacunar stroke.

SUPPLEMENTARY MATERIAL

Supplementary materials are available at American Journal 
of Hypertension (http://ajh.oxfordjournals.org).
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