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Abstract

Background: To determine if the effects of intensive lowering of systolic blood pressure (goal of
less than 120 mmHg) versus standard lowering (goal of less than 140 mmHg) upon cardiovascular,
renal, and safety outcomes differed by gender.

Methods: Nine thousand three hundred and sixty-one men and women aged 50 years or older
with systolic blood pressure of 130 mmHg or greater, taking 04 antihypertensive medications,
and with increased risk of cardiovascular disease, but free of diabetes, were randomly assigned to
either a systolic blood pressure target of less than 120 mmHg (intensive treatment) or a target of
less than 140 mmHg (standard treatment). The primary composite outcome encompassed incident
myocardial infarction, heart failure, other acute coronary syndromes, stroke, or cardiovascular-
related death. All-cause mortality, renal outcomes, and serious adverse events were also assessed.

Results: Compared with the standard treatment group, the primary composite outcome in the
intensive treatment group was reduced by 16% [hazard ratio 0.84 (0.61-1.13)] in women, and by
27% in men [hazard ratio 0.73 (0.59-0.89), Pvalue for interaction between treatment and gender
is 0.45]. Similarly, the effect of the intensive treatment on individual components of the primary
composite outcome, renal outcomes, and overall serious adverse events was not significantly
different according to gender.

Conclusion: In adults with hypertension but not with diabetes, treatment to a systolic blood
pressure goal of less than 120 mmHg, compared with a goal of less than 140 mmHg, resulted in no
heterogeneity of effect between men and women on cardiovascular or renal outcomes, or on rates
of serious adverse events.

ClinicalTrials.gov number, NCT01206062.
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INTRODUCTION

Hypertension is a highly prevalent condition that affects approximately 77.9 million, or one-
third of United States adults [1], 67% of US adults aged 65 years or older [2], and 75% of
adults aged 75 years or older [3]. Hypertension is associated with significantly increased risk
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of cardiovascular disease (CVD), including stroke, heart failure, and myocardial infarction
[1]. Differences in hypertension prevalence are acknowledged with respect to gender, with
the overall prevalence of hypertension being higher among US women (45 million)
compared with US men (41 million) [4]. In addition, women exhibit similar hypertension
prevalence as men in the 45-64 age group, but demonstrate higher prevalence than men in
the greater than 65 age group [5-7]. Although current recommendations for hypertension
management are similar for both genders [7], some uncertainty exists regarding blood
pressure control according to gender. Although some studies report that in older age groups,
women have poorer blood pressure control compared with men [8], others have reported
better control in women [2]. As the prevalence of hypertension has increased in the United
States [9], and the worldwide prevalence of hypertension among women is expected to
exceed that of men by 2025 [10], elucidation of effective strategies to control blood pressure
in both women and men is of urgent importance.

There has been vigorous discussion regarding the optimal goal for blood pressure treatment
[11]. Recently, the multi-center, randomized controlled Systolic Blood Pressure Intervention
Trial (SPRINT) [12] demonstrated that intensive lowering of systolic blood pressure (SBP)
to a goal of less than 120 mmHg resulted in reduced nonfatal and fatal C\VVD events and all-
cause mortality compared with standard treatment to a SBP goal of less than 140 mmHg in
9361 men and women aged 50 years or older with hypertension and increased cardiovascular
risk [13]. In unadjusted analyses, the effect of the intensive treatment upon the composite
primary CVD outcome was not significantly moderated by gender, which is a finding similar
to that of other studies that have compared the effects of blood pressure treatment according
to gender [14]. Additional examination, however, of the effects of the two treatments on
individual components of the primary CVD outcome, all-cause mortality, renal outcomes
and adverse events will be of interest and benefit to researchers, clinicians and patients.

In consideration of these issues, the purpose of this analysis was to determine if the blood
pressure control, SAEs, and composite and individual cardiovascular and renal outcomes in
the SPRINT sample differed between men and women. The large SPRINT sample was
comprised of 35.6% women, and 59.6% of the sample was aged 65 years or older at
baseline, which provided an excellent opportunity to examine these associations.

METHODS

Trial design and oversight, and study population

The design, eligibility criteria, procedures [12] and primary outcome results [13] for
SPRINT have been described in detail previously. Briefly, SPRINT was a large, two-armed,
multicenter randomized clinical trial designed to test whether intensive treatment of SBP to
a goal of less than 120 mmHg would reduce CVD and unfavorable renal and cognitive
outcomes compared with standard SBP treatment to a goal of less than 140 mmHg in a
multiethnic sample of 9361 men and women aged 50 years or older with hypertension and
increased cardiovascular risk. Participants with diabetes, polycystic kidney disease, a prior
history of stroke or known dementia were excluded. Enrollment in SPRINT was conducted
from November 2010 to March 2013 at 102 clinical sites in the United States, including
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Puerto Rico. The Institutional Review Board at each clinical site approved the study, and the
trial was registered with clinicaltrials.gov (NCT01206062) prior to recruitment.

After randomization, participants were seen monthly for the first 3 months and thereafter
every 3 months. All major classes of antihypertensive agents were included in the SPRINT
formulary [13] and were provided at no cost to the participants, and were assessed at each
study visit. Antihypertensive medications for participants in the intensive-treatment group
were adjusted on a monthly basis to target the SBP goal of less than 120 mmHg. For
participants in the standard-treatment group, medications were adjusted to target a SBP of
135-139 mmHg. Lifestyle modification was encouraged as part of the management strategy
in both interventions.

On August 20, 2015, after analyses of the primary outcome exceeded the monitoring
boundary at two consecutive time points, the Director of the National Heart, Lung and Blood
Institute (NHLBI) accepted a recommendation from the independent Data Safety and
Monitoring Board to inform investigators and participants of the beneficial cardiovascular
outcome results, which prompted the process of ending the treatments early. Thus, this
analysis reflects 3.26 years of the originally planned 5 years of follow-up.

Outcome measures

The primary outcome for SPRINT consisted of a composite outcome [12] defined as the first
occurrence of any of the following: nonfatal myocardial infarction; acute coronary syndrome
not resulting in myocardial infarction; nonfatal stroke; nonfatal acute decompensated heart
failure; or death from CVD. Detailed descriptions of the definitions of, and adjudications for
these outcomes are described elsewhere [15]. Secondary outcomes included the
aforementioned individual components of the primary outcome, all-cause mortality, or an
additional composite, which consisted of the primary outcome or all-cause mortality.

SPRINT also investigated renal outcomes. In this investigation, chronic kidney disease
(CKD) was defined as an estimated glomerular filtration rate (eGFR) less than 60 ml/min
per 1.73 m? using the four-variable Modification of Diet in Renal Disease (MDRD) equation
[16]. Incident albuminuria was defined as a doubling of the ratio of urinary albumin (in
milligrams) to creatinine (in grams) from less than 10 at baseline to greater than 10 during
follow-up. In participants with CKD at baseline, the composite primary renal outcome
consisted of incident reduction in the eGFR of at least 50%; long-term dialysis, or kidney
transplantation.

Serious adverse events were defined as events that were fatal or life-threatening, that resulted
in clinically significant or persistent disability, which required or prolonged hospitalization,
or that were judged by the investigator to represent a clinically significant hazard or harm to
the participant that might require medication or surgical intervention [15]. A short list of
monitored conditions (hypotension, syncope, injurious falls, electrolyte abnormalities, and
bradycardia) was used to report as adverse events if the conditions were evaluated in an
emergency department. We also monitored occurrences of acute kKidney injury or acute renal
failure if they were noted on admission or occurred during a hospitalization and were
reported in the hospital discharge summary as a primary or main secondary diagnosis. The
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Medlical Dictionary for Regulatory Activities was used to classify the safety events. Coding
was performed at the coordinating center, and up to three codes were assigned to each safety
event. The relationship of SAEs to the intervention was assessed by the trial safety officer
and reviewed monthly by the safety committee.

Other measures

Age, gender, race/ethnicity (African American, Hispanic, white, other), highest educational
attainment [less than high school, high school diploma or graduate equivalent degree (GED),
post high school, college graduate], living arrangement (alone versus with other adults),
health insurance (yes), alcohol consumption (typical drinks per week), smoking status
(never, former, current), pack-years of smoking, and vigorous physical activity (rarely or
never, one to three times per month, one time per week, two to four times per week), were
assessed using self-report. In addition, depressive symptoms were assessed via self-report
using the Patient Health Questionnaire (PHQ-9) total score (range 0-27), with higher scores
suggesting more depressive symptoms [17]. Cognitive function was assessed via
standardized interview using the Montreal Cognitive Assessment (MoCA\) total score (range
0-30), with higher scores suggesting better cognitive function [18].

At each visit, trained clinical staff measured blood pressures with an automated blood
pressure device (Omron-HEM-907 XL; Omron Healthcare, Lake Forest, llinois, USA) using
standardized procedures [13,15]. Blood pressure measurement requirements included
measuring blood pressure early during the visit and not following stressful exam
components such as blood draws, proper positioning of the participant in a chair with back
support, and proper cuff size determination. The Manual of Procedures (MOP) stated that
participants should be resting, not completing questionnaires, and not speaking with study
staff during the 5-min rest period or while BP measurements were being taken. The MOP
also stated that staff should leave the room during the 5-min rest period, and provide a script
that staff could use to explain that they would be absent during the 5-min rest period and
would then enter the room and obtain the measurements without speaking to the participant.

Additional baseline clinical variables were assessed using standardized procedures [15],
including fasting serum glucose (mg/dl), total cholesterol (mg/dl), low-density lipoproteins
(LDL; mg/dl) and high-density lipoproteins (HDL; mg/dl), and statin and aspirin use.
Baseline height and weight were measured using standardized protocols, and baseline body
mass index (BMI) was calculated as weight in kilograms/height in square meters.

Statistical analysis

Descriptive summary statistics were generated to compare the baseline characteristics of the
sample according to treatment and gender. Means and standard deviations, or medians and
interquartile ranges were reported for continuous variables, and frequencies and percentages
were reported for categorical variables. Analysis of variance and independent two-sample &
tests, Pearson’s chi-square tests, or Wilcoxon rank-sum tests, were used, whenever
appropriate, to examine differences between genders.

The association between gender, treatment and time until the first occurrence of the primary
CVD outcome was examined using Cox proportional hazards regression, with stratification
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by clinical site. Follow-up time was censored on the date of the last event ascertainment.
Main effects in the model included treatment group and gender, and we also tested for a
gender by treatment interaction using a likelihood ratio test for interaction. These analyses
were repeated for each component of the primary outcome, as well as the secondary
outcomes and renal outcomes. We also compared SAEs according to treatment and gender
assessed over the course of the study, using Cox Proportional Hazard models.

No adjustments were made for multiple testing. Nominal ~Pvalues are reported throughout
the results as simple guides to possible associations. All analyses were conducted at the
SPRINT Coordinating Center with the use of SAS software version 9.4 (SAS Institute, Cary,
North Carolina, USA).

The mean (SD) age of the sample (7= 9361) was 67.9 (9.4) years. Table 1 displays the
baseline descriptive characteristics for the total sample, partitioned by gender and treatment
group. Collectively, referring to Table 1 column ‘I’, compared with men, women were older,
more likely to be African American and Hispanic, reported lower education, were less likely
to live with other adults, were more likely to have never smoked, reported fewer pack-years
of smoking, fewer alcoholic drinks each week, and reported lower vigorous and less-
vigorous physical activity. Women also exhibited significantly higher SBP, lower DBP, lower
prevalence of CVD, higher prevalence of CKD, lower (more favorable) Framingham Risk
Score, higher body mass index, higher total cholesterol, LDL and HDL, and lower glucose
compared with men. Also, compared with men, women had higher (less favorable) PHQ-9
scores, higher total number of antihypertensive medications, lower (less favorable) MoCA
scores, and were less likely to have health insurance. Finally, women were less likely than
men to use statins or aspirin.

Achieved blood pressure

Figure 1 illustrates the differences in mean SBP between the intensive and standard
treatments for women (Panel A) and men (Panel B) at each clinic visit. Not surprisingly, the
smaller sample sizes with wider confidence intervals for the year-4 visit and onward reflect
the early stopping of the treatments. In both genders, a marked difference in SBP between
the treatments was achieved by the 6-month assessment, and was sustained throughout the
course of the study. Also, the mean number of antihypertensive medications was stable from
the 6-month assessment until the end of the study, for both study treatment groups and for
women and men. Similar blood pressures were achieved in both genders. At the 3-year
assessment; the mean (SD) SBP for women in the intensive treatment group was 120.1
mmHg (12.8), and for men in the intensive treatment group the mean (SD) SBP was 120.6
mmHg (14.7). At the 3-year assessment, the mean (SD) SBP for women in the standard
treatment group was 136.5 (14.8), and mean (SD) SBP for men was 135.5 (12.7).
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Primary composite cardiovascular disease outcome, and individual cardiovascular disease

outcomes

Figure 2 portrays the results of the Cox Proportional Hazards models that examined the
effects of treatment and gender upon the primary CVVD outcome, as well as the secondary
CVD outcomes. The beneficial effects of the intensive treatment on the primary outcome
[women: hazard ratio 0.84 (0.61-1.13); men: hazard ratio 0.73 (0.59-0.89), P value for
interaction = 0.45], was consistent across both genders. In addition, for several individual
CVD outcomes, including all-cause death, myocardial infarction, heart failure,
cardiovascular death, nonfatal MI, nonfatal heart failure, and a composite of the primary
CVD outcome and all-cause death, the hazard ratios for the effect of the intensive treatment
versus the standard treatment were in a similar favorable direction suggestive of lower risk in
both women and men, with no heterogeneity of effect according to gender (all interaction P
values greater than 0.05). For other individual CVVD outcomes, such as nonmyocardial
infarction acute coronary syndrome (women: hazard ratio 0.75; men: hazard ratio 1.09), all
stroke (women: hazard ratio 1.21; men: hazard ratio 0.75), and all nonfatal stroke (women:
hazard ratio 1.28; men: hazard ratio 0.71), the hazard ratios for the genders suggested a
difference, although the treatment group by gender interactions did not reach significance
(all interaction Pvalues greater than 0.05) suggesting no heterogeneity of effect.

Renal outcomes

Figure 3 depicts the results of the Cox Proportional Hazards models that investigated the
effects of treatment group and gender upon the renal outcomes. Collectively, in both women
and men, the rates of renal outcomes were low. As reported previously, compared with the
standard treatment, in participants without CKD at baseline, intensive treatment resulted in
significantly higher rates of the CKD composite outcome (hazard ratio3.49; £< 0.001) [12].
In participants with CKD at baseline, the effect of the intensive treatment versus the standard
treatment upon the composite CKD outcome suggested a difference, but the treatment group
by gender interaction was not significant [women: hazard ratio 1.43 (0.47, 4.80); men:
hazard ratio 0.61 (0.21, 1.67), Pvalue for interaction, 0.27). In participants without CKD at
baseline, the effect of the intensive versus the standard treatment upon the composite CKD
outcome was similar according to gender [women: hazard ratio 3.15 (1.86, 5.62), men:
hazard ratio 3.76 (2.34, 6.33), Pvalue for interaction 0.64]. In participants with CKD at
baseline, the effect of the intensive versus standard treatment upon incident alouminuria was
similar in women and men [women: hazard ratio 0.94 (0.55, 1.61); men: hazard ratio 0.73
(0.45, 1.18), Pvalue for interaction = 0.50]. In non-CKD participants, the effects of the two
treatments upon incident albuminuria were similar in both genders [women: hazard ratio
0.77 (0.51, 1.14); men: hazard ratio 0.80 (0.60, 1.06), P value for interaction=0.87].

Serious adverse events

Table 2 presents SAEs for the study, partitioned by gender and treatment. There were no
differences in overall SAEs (Table 2, Section ‘A’) by randomized group either in women or
in men and there was not a gender by treatment group interaction (2 value for interaction =
0.24). For conditions of interest, SAEs only (Section ‘B’), women in the intensive treatment
group were at more risk than women in the standard treatment group of developing an acute
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kidney injury or acute renal failure (hazard ratio = 2.01; 95% CI 1.26, 3.21). For conditions
of interest, emergency room visits or SAEs (Section ‘C”), women in the intensive treatment
group were at higher risk to experience syncope or an electrolyte abnormality than women in
the standard treatment group. In addition, women in the intensive treatment were more likely
to experience a serum sodium less than 130 mmol/I, or a serum potassium less than 3.0
mmol/l than women in the standard treatment. Women in the intensive treatment group were
less likely than women in the standard treatment group to experience orthostatic hypotension
(Section ‘D”).

For conditions of interest, SAEs only, men in the intensive treatment group were at higher
risk than men in the standard treatment group to experience hypotension (hazard ratio 1.74;
95% CI 1.18, 2.57) or acute kidney injury or acute renal failure. For emergency room visits
or SAEs for conditions of interest, men in the intensive treatment group were at increased
risk to experience hypotension, syncope, or an acute kidney injury or acute renal failure
compared with men in the standard treatment. Men in the intensive treatment group were
also at increased risk to exhibit a serum sodium less than 130 mmol/I than men in the
standard treatment. There did not appear to be a gender by treatment interaction for any
SAE, emergency department visit, or monitored clinical event.

DISCUSSION

Although recruitment of women has generally improved in recent CVD prevention trials,
women historically have been underrepresented as participants in cardiovascular research
studies [19]. Thus, the purpose of this investigation was to examine in SPRINT whether the
effects of the intensive treatment upon cardiovascular and renal outcomes, and SAEs
differed in women and men. Collectively, we observed similar effects of the intensive
treatment upon cardiovascular and renal outcomes in men and women over 3 years of
follow-up. These findings provide important evidence regarding consideration of gender in
developing and implementing strategies for blood pressure control, as well as studying the
effects of antihypertensive therapy upon adverse outcomes. Indeed, it has been estimated
that the eligibility criteria for SPRINT may represent approximately 16.8 million US adults
who may potentially benefit from intensive therapy [20].

Although current recommendations for blood pressure management are ‘gender-neutral’, as
stated by Daugherty et al. [8], uncertainty persists regarding whether determinants of blood
pressure control differ in men and women [21-23]. As stated by Doumas et al. [7], the
degree to which observed differences in control are affected by biological differences or
treatment strategies is not certain. In this analysis, at baseline, SBP was slightly higher in
women than in men, although men and women were taking similar total numbers of
antihypertensive medications. We also found that women were more likely than men to be
taking diuretics at baseline, and that women were less likely than men to be taking
angiotensin-converting enzyme (ACE) inhibitors, which is similar to the findings of other
reports [24]. Similar blood pressure deltas between the intensive and standard treatment
groups were achieved in both women and men during the first year of intervention and were
maintained throughout the study. Indeed, as noted earlier, in the intensive treatment group,
the mean achieved SBP for women was slightly lower than for men at the 3-year point (Fig.
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1). Additionally, for both genders, similar total numbers of antihypertensive medications
were required to achieve the goal blood pressures. The current results suggest that whenever
the same treatment strategy is employed for both genders, similar blood pressure goals may
be targeted and sustained successfully with similar numbers of antihypertensive medications.

The incidence of cardiovascular and renal events did not differ significantly according to
gender in the two treatments. Also, as reported previously from SPRINT, although incident
CKD was higher in the intensive treatment group compared with the standard treatment
group in the non-CKD subgroup, there was no significant difference in incident CKD
according to gender in either treatment group [25]. These results are similar to those found
in a review of 31 randomized clinical trials of CVD prevention that focused on blood
pressure treatment [14,26]. Of these 31 trials, five trials compared ‘more intensive’ versus
‘less intensive’ blood pressure treatment regimens. In all the trials reviewed, whereas mean
baseline blood pressures were higher in women compared with men, both genders
experienced similar reductions in blood pressure, and derived similar reductions in
cardiovascular events [14]. In the SPRINT sample, women also displayed higher baseline
SBP compared with men. It must be noted, however, that of the five trials that compared
more intensive versus less intensive treatment, four trials focused on reduction of DBP. The
current study is responsive to recommendations for gender-specific analyses of
cardiovascular trials [27], and the current findings may suggest that intensive treatment for
blood pressure is of similar benefit to women and men, and may confirm current identical
recommendations for blood pressure management for both genders [5].

In middle-aged and older adults, it is plausible that intensive pharmacological treatment for
hypertension may result in increased unfavorable side effects, and that women may
experience more adverse events than men [28,29]. This possible disparity in adverse events
may partly be because of gender-specific conditions such as meno-pause and its treatment
[30], which may be associated with increased salt-sensitivity, endothelial dysfunction,
visceral adiposity [31] and renin—angiotensin—-aldosterone system activation [32,33].
Furthermore, clinicians and patients often express reluctance to initiate or maintain tight
blood pressure control because of concerns regarding orthostatic hypotension, falls and
fractures [34,35]. In this analysis, the risk of SAEs was similar in both genders with no
heterogeneity of effect in women and men. Women and men in the intensive treatment group
experienced more selected SAEs compared with their counterparts in the standard treatment
group, and overall there were no SAE gender by treatment group interactions. The results of
this investigation may assist patients and providers in assessing the benefits versus risks of
intensive blood pressure control, and may inform providers regarding possible adverse
effects associated with more intensive treatment of blood pressure.

This study had several strengths, including its randomized design, a large, geographically
diverse, multiethnic sample, rigorous monitoring of blood pressure and antihypertensive
medications, as well as rigorous oversight and monitoring of SAEs. Several limitations of
this investigation, however, must be noted, one of the most prominent of which is the sample
size of women of 35.6% (7= 3332), which was lower than the planned 50% enrollment
[13,30,36,37]. The percentage of women in SPRINT is consistent with that found by
Melloni et al. [38], who, examining the representation of women in 156 trials of CVD
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prevention from 1970 to 2006, found that overall, women constituted 30% of participants.
The lower than planned percentage of women in SPRINT may have been partly reflective of
the inclusion of participants from the Veterans Affairs system, which has a small percentage
of women. If the Veterans Affairs Clinical Center Network is excluded, the percentage of
women in SPRINT is 42.7%, which is similar to the findings of Melloni et al. [38], which
showed that women constituted 44% of participants over the past decade. Nonetheless, it
must be noted that in ACCORD [35], which was similar to SPRINT in design and included
Veterans Affairs participants, the percentage of women was higher (47%). Thus, whereas the
results of this investigation provide important information, our analyses may have been
underpowered to detect differences according to gender. In interpretation of these results, it
is important to note that SPRINT did not stratify participants according to gender, as with
most randomized controlled trials examining major cardiovascular outcomes, and was not
powered to formally test treatment differences in several subgroups of interest, including
gender. Furthermore, the SPRINT trial was stopped early for benefit [12,13]. Thus, it is not
surprising that the 95% confidence interval for the primary outcome in the women subgroup
contained 1.00 (hazard ratio 0.84, 95% CI 0.61-1.13). This was also true for other outcomes
such as all death, cardiovascular death, and nonfatal heart failure (Fig. 2). The point estimate
of the hazard ratio for the primary outcome, however, was in the same direction as observed
in the men subgroup (hazard ratio 0.73) and the formal interaction test of gender by
treatment assignment revealed no heterogeneity of effect.

Wenger et al. [30] have postulated that the low cardiovascular event rate in women may have
resulted from the possibility that the women enrollees may have had lower cardiovascular
risk at baseline compared with men at baseline, thus constituting selection bias [30]. It is
also plausible that the cardiovascular outcomes in women participants may have been more
favorable if women had younger baseline age. However, the SPRINT data reveal complex
baseline differences in cardiovascular risk factors according to gender. While women
displayed more favorable baseline Framingham 10-year risk scores and lower pack-years of
smoking compared with men, women also displayed older age, higher SBP [14,26], higher
body mass index, and were more likely to live alone. In addition, women had higher
percentages of CKD compared with men, and had higher percentages of African-Americans
and Hispanic Americans compared with men. Interestingly, at least one commentary has
suggested that the Framingham risk score may underestimate cardiovascular risk in women
[39]. Women also had significantly lower prevalences than men of modifiable factors which
may be addressed in clinical practice, such as of use of statin [40] and aspirin [41], both of
which have been associated with lower rates of CVD in both genders [42,43]. However, the
benefit of aspirin for primary prevention of CVD remains uncertain [44]. Thus,
interpretation of the cardiovascular risk of women versus men at the onset of the SPRINT
trial must be performed with care.

Additional limitations of SPRINT include that treatment assignment was not blinded, and
that self-report of adverse events at any visit was included in the design. Because the
intervention group had more pro re nata (PRN) visits for blood pressure management they
had greater opportunity to report SAE events. Thus, ascertainment bias may have affected
the SPRINT SAE results and these should be interpreted with caution. Primary outcome data
in SPRINT, however, were collected with the same frequency in both treatment groups and
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these analyses are not at risk for this type of bias. In addition, although the eligibility
criterion of at least 50 years of age likely resulted in a high percentage of women who were
postmenopausal and the mean age of women participants was 67.9 years, we did not assess
menopausal status directly. Thus, this factor cannot be controlled in the SPRINT analyses.
SPRINT also excluded individuals with diabetes [45], a prior history of stroke, or persons
who were institutionalized. Thus, these results are not generalizable to these populations
[46,47], and partly may account for the low rates observed for events such as nonmyocardial
acute coronary syndrome and nonfatal stroke. Also, as noted earlier, although the smaller
sample size of women participants suggests that further research is needed to further clarify
the role of gender in CVD prevention, it is unlikely that a separate trial of intensive blood
pressure treatment like SPRINT done only in women will ever be conducted because of
ethical concerns of denying the standard group from potentially beneficial treatment. Thus,
clinical practice decision makers will have to rely on the best evidence available to make
decisions with women patients regarding intensive blood treatment.

Also, the SPRINT participants were highly educated, with 38.9% of participants having
graduated from college. This characteristic may have aided both adherence to the treatments
and retention in the trial. In addition, although lifestyle modification [48] strategies such as
smoking cessation, alcohol consumption, dietary [49] and physical activity [50]
recommendations were provided to SPRINT participants as ‘background’ therapy, these
approaches were not emphasized, and dietary patterns were not assessed.

In conclusion, this investigation found that the primary results of SPRINT were consistent in
women and men, and it provides additional evidence supporting intensive blood pressure
management and control in women. In order to translate these findings into practice,
clinicians will have to weigh evidence of the efficacy of intensive lowering of blood pressure
with its potential adverse events, as well as incorporate collaborative patient-centered
approaches to maximize the benefits of blood pressure management in women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Intensive Treatment Standard Treatment Hazard Ratio
% with events (#) % with events (#) (95% CI)
Primary Outcome
Women 4.57% (77) 5.40% (89) 0.84 (0.61, 1.13)
Men 5.54% (166) 7.58% (230) 0.73 (0.59, 0.89) —_—
All Death
Women 2.73% (46) 3.28% (54) 0.83 (0.56, 1.23)
Men 3.64% (109) 5.14% (156) 0.70 (0.55, 0.90) ——
All M1
Women 1.54% (26) 1.82% (30) 0.84 (0.49, 1.42)
Men 2.37% (71) 2.83% (86) 0.84 (0.61, 1.15)
Non-MI ACS
Women 0.48% (8) 0.61% (10) 0.75 (0.29, 1.91)
Men 1.07% (32) 0.99% (30) 1.09 (0.66, 1.81)
All Stroke
Women 1.54% (26) 1.27% (21) 1.21 (0.68, 2.18)
Men 1.20% (36) 1.61% (49) 0.75 (0.48, 1.15)
All HF
Women 1.31% (22) 1.76% (29) 0.76 (0.43, 1.32)
Men 1.34% (40) 2.34% (71) 0.56 (0.37, 0.82) —
CVD Death
Women 0.53% (9) 0.73% (12) 0.71 (0.29, 1.69)
Men 0.94% (28) 1.75% (53) 0.54 (0.34, 0.85) —
Non-fatal Mi
Women 1.54% (26) 1.82% (30) 0.84 (0.49, 1.41)
Men 2.27% (68) 2.77% (84) 0.82 (0.60, 1.13)
Non-fatal Stroke
Women 1.54% (26) 1.21% (20) 1.28 (0.72, 2.32)
Men 1.10% (33) 1.55% (47) 0.71 (0.45, 1.11)
Non-fatal HF
Women 1.31% (22) 1.64% (27) 0.82 (0.46, 1.43)
Men 1.27% (38) 2.27% (69) 0.54 (0.36, 0.80) —
Primary or Death
Women 6.24% (105) 7.16% (118) 0.86 (0.66, 1.11)
Men 7.58% (227) 10.1% (305) 0.75 (0.63, 0.89) St
T T T T
0.25 0.5 1 2 4
Intensive Better Standard Better
FIGURE 2.

Forest plot of primary and secondary cardiovascular disease outcomes according to
treatment group and gender. The primary outcome was the first occurrence of myocardial
infarction, acute coronary syndrome, stroke, heart failure, or death from cardiovascular
causes. ACS, acute coronary syndrome; HF, heart failure; MI, myocardial infarction.
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Tr d Tr Hazard Ratio P Value for
% with events (#) % with events (#) (95% CI) Interaction

Composite
(CKD participants)

Women 1.49% (8) 0.96% (5) 1.43 (0.47, 4.80)

Men 0.76% (6) 1.26% (10) 0.61 (0.21, 1.67) —mMm&—— 0.27
Composite
(non-CKD participants)

Women 4.62% (53) 1.51% (17) 3.15 (1.86, 5.62) —_—

Men 3.36% (74) 0.89% (20) 3.76 (2.34, 6.33) —_— 0.64
Incident albuminuria
(CKD participants)

Women 14.6% (32) 14.8% (27) 0.94 (0.55, 1.61) —_—

Men 10.5% (32) 14.2% (45) 0.73 (0.45, 1.18) —_——t— 0.5
Incident albuminuria
(non-CKD participants)

Women 8.29% (44) 10.1% (56) 0.77 (0.51, 1.14)

Men 7.19% (89) 8.78% (112) 0.80 (0.60, 1.06) —— 0.87

T T T T T
0.25 0.5 1 2 4 8

Intensive Better Standard Better

FIGURE 3.
Forest plot of renal outcomes according to treatment group and gender. The composite renal

outcome for participants with CKD at baseline was the first occurrence of a reduction in the
estimated GFR of 50% or more, long-term dialysis, or kidney transplantation. CKD, chronic
kidney disease, defined as estimated glomerular filtration rate of less than 60 ml/min/1.73
m? using the Modification of Diet in Renal Disease equation. Incident albuminuria is
defined as a doubling of the ratio of urinary albumin (in milligrams) to creatinine (in grams)
from less than 10 at baseline to greater than 10 during follow-up. The denominators for
number of patients represent those without albuminuria at baseline.
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