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Original article

The clinical significance of high blood pressure (BP) in 
elderly persons (age >75  years) remains an area of active 
investigation. Studies show that high BP is a risk factor for 
cardiovascular events and death among elders,1,2 and BP 
lowering to <120  mm Hg appears beneficial to lower car-
diovascular disease (CVD) events in selected individuals 
>75  years of age.3–5, Conversely, other studies have shown 
that a higher BP may be associated with lower rates of mor-
tality among octogenarians6 and elderly persons with poor 
functional status.5,7

Much less is known about the importance of BP change 
over time (trajectories) in elderly persons. Some studies have 

suggested that a decline in BP is common8–10 and is associ-
ated with higher rates of cardiovascular events, death, and 
decreased psychomotor speed.11–15 However, these studies 
were limited by self-reporting of events,15 lack of adjudicated 
outcomes,11,12,14,15 limited BP recordings,11,13,14 or inconsist-
ent data on antihypertensive treatment.11,13–15

Hypertension is a heterogeneous condition in elderly per-
sons, and data support the importance of both systolic (SBP) 
and diastolic (DBP) components.5 We designed our analy-
sis using an unsupervised cluster approach to group elderly, 
community-dwelling participants on the basis of multiple 
BP measurements over time into distinct BP clusters based 
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BACKGROUND
Common blood pressure (BP) trajectories are not well established 
in elderly persons, and their association with clinical outcomes is 
uncertain.

METHODS
We used hierarchical cluster analysis to identify discrete BP trajectories 
among 4,067 participants in the Cardiovascular Health Study using 
repeated BP measures from years 0 to 7. We then evaluated associa-
tions of each BP trajectory cluster with all-cause mortality, incident car-
diovascular disease (CVD, defined as stroke or myocardial infarction) 
(N = 2,837), and incident congestive heart failure (HF) (N = 3,633) using 
Cox proportional hazard models.

RESULTS
Median age was 77 years at year 7. Over a median 9.3 years of follow-up, 
there were 2,475 deaths, 659 CVD events, and 1,049 HF events. The clus-
ter analysis identified 3 distinct trajectory groups. Participants in cluster 
1 (N = 1,838) had increases in both systolic (SBP) and diastolic (DBP) BPs, 

whereas persons in cluster 2 (N = 1,109) had little change in SBP but 
declines in DBP. Persons in cluster 3 (N = 1,120) experienced declines in 
both SBP and DBP. After multivariable adjustment, clusters 2 and 3 were 
associated with increased mortality risk relative to cluster 1 (hazard 
ratio = 1.21, 95% confidence interval: 1.06–1.37 and hazard ratio = 1.20, 
95% confidence interval: 1.05–1.36, respectively). Compared to clus-
ter 1, cluster 3 had higher rates of incident CVD but associations were 
not statistically significant in demographic-adjusted models (hazard 
ratio = 1.16, 95% confidence interval: 0.96–1.39). Findings were similar 
when stratified by use of antihypertensive therapy.

CONCLUSIONS
Among community-dwelling elders, distinct BP trajectories were iden-
tified by integrating both SBP and DBP. These clusters were found to 
have differential associations with outcomes.

Keywords: blood pressure; blood pressure trajectory; cardiovascular dis-
ease; elderly; hypertension; mortality.

doi:10.1093/ajh/hpx028

Correspondence: Christopher C. Smitson (csmitson@ucsd.edu).

Initially submitted September 28, 2016; date of first revision January 15, 
2017; accepted for publication February 10, 2017; online publication 
March 10, 2017.

© American Journal of Hypertension, Ltd 2017. All rights reserved. 
For Permissions, please email: journals.permissions@oup.com

1Division of Cardiovascular Medicine, Department of Medicine, 
University of California, San Diego, California, USA;  2Kidney Health 
Research Collaborative, Division of Nephrology, Department of Medicine, 
University of California, San Francisco, California, USA;  3Department 
of Medicine, University of Washington, Seattle, Washington, USA;  
4Department of Epidemiology, University of Pittsburgh Graduate School 
of Public Health, Pittsburgh, Pennsylvania, USA;  5Division of Nephrology, 
Department of Medicine, Tufts University School of Medicine, Boston, 
Massachusetts, USA;  6College of Public Health and Human Sciences, 
Oregon State University, Corvallis, Oregon, USA. 

June

mailto:csmitson@ucsd.edu?subject=


588 American Journal of Hypertension 30(6) June 2017

Smitson et al.

upon SBP and DBP level and slope. We then evaluated asso-
ciations of these clusters with death, CVD (defined as fatal 
and nonfatal myocardial infarctions or cerebrovascular acci-
dents), and congestive heart failure (HF) using a standard 
multivariable regression approach. An improved knowledge 
of BP trajectories over several years is critical in understand-
ing the role of BP as a risk factor for adverse outcomes.

METHODS

Participants

For this study, we included all 4,067 participants enrolled 
in the Cardiovascular Health Study (CHS) who were alive at 
the year 7 visit and had at least 4 recorded BP measurements 
between year 0 and 7. Seated BP was measured annually from 
years 0 to 5 and at year 7 in the CHS. The design and ration-
ale of the CHS has been previously published.16 Briefly, the 
CHS recruited 5,888 community-dwelling Black and White 
individuals aged ≥65  years in 2 waves from 1989 to 1993 
from Medicare eligibility lists in 4 communities (Forsyth 
County, NC; Sacramento County, CA; Washington County, 
MD; and Pittsburgh, PA). CHS participants were seen in the 
clinic annually and contacted by phone at 6-month intervals. 
Major exam components were measured at each annual visit. 
For these analyses, we excluded 1,821 individuals. Of those 
excluded, 1,394 were no longer alive at the year 7 clinic visit, 
346 had <4 BP measurements, and 81 were either missing, 
lost to follow-up, or dropped out of the study. The study was 
approved by the institutional review boards of University of 
Washington and the affiliated clinical centers.

Determination of BP trajectory

We used BP measurements that were collected during 
each annual CHS visit from years 0 to 5 and at year 7 to 
model trajectories for this study. Trained personnel obtained 
3 seated BP readings using standardized procedures, and the 
average of the last 2 readings was recorded.

Longitudinal changes in SBP and DBP were estimated 
using subject-specific slopes from linear mixed models. We 
then identified patterns of changes in BP using median hier-
archical cluster analysis to partition subjects into distinct 
groups. We decided a priori that the cluster construction 
would be informed by the SBP and DBP slopes and by levels 
of SBP and DBP at years 0 and 7, as these have been previ-
ously reported to be associated with clinical outcomes.5 We 
used the SAS ACECLUS procedure to transform the data and 
compute canonical variables for cluster analysis. We then used 
the CLUSTER and TREE procedures using Gower’s median 
method to determine the number of clusters and to assign each 
participant to a unique, distinct cluster. We determined the 
number of clusters by choosing the value that maximized the 
cubic clustering criterion and performing pseudo F statistic.

Outcomes

The primary outcome in the study was all-cause mortal-
ity. The outcome was ascertained with follow up beginning 

after the year 7 visit in the CHS. Deaths were identified by a 
review of obituaries, medical records, death certificates, the 
Centers for Medicare and Medicaid Services health care-uti-
lization database for hospitalizations, and from household 
contacts. All outcomes (death, CVD events, HF events) were 
reviewed and adjudicated by the CHS outcome-assessment 
committee.16

Secondary outcomes analyzed separately were incident 
CVD and incident congestive HF. We evaluated these out-
comes separately as each has different pathophysiology and 
mechanisms of disease. Incident CVD was defined as fatal 
and nonfatal cerobrascular accidents and myocardial infarc-
tions. As with death, we considered outcomes after year 
7. For analysis of CVD (N = 1,230), we excluded individuals 
with a prior history of CVD; for HF, we excluded individuals 
with a prior diagnosis of HF (N = 434). Cases of CVD events 
were ascertained from hospital records and included clini-
cal histories, cardiac enzyme levels, electrocardiographic 
changes, and brain imaging studies.16 Incident HF was 
defined as having at least one of the following: (i) cardiomeg-
aly and pulmonary edema on chest X-ray, (ii) dilated ventri-
cle and wall motion abnormalities by echocardiography or 
contrast ventriculography, (iii) congestive failure as defined 
by a physician, plus receiving medical treatment (diuretic 
plus either digitalis, vasodilator, or angiotensin-converting 
enzyme inhibitor).

Covariates

Covariates were ascertained during the year 7 visit of the 
CHS, except as noted below. These included age, gender, 
race, body mass index, smoking status (current, former, or 
never), SBP and DBP, estimated glomerular filtration rate, 
statin therapy, antihypertensive therapy, and functional sta-
tus. Estimated glomerular filtration rate was estimated from 
cystatin C using the CKD-EPI equation. For total cholesterol 
and high-density lipoprotein, data were obtained at the year 
5 visit as these variables were not measured at year 7. Chronic 
medical diseases such as history of coronary heart disease, 
cerebrovascular accident, HF, and diabetes were included. 
Use of statin or antihypertensive medication was ascertained 
by a medication inventory interview and was defined as hav-
ing any documented therapy between years 0 and 7.

The following were ascertained by questionnaire: age, sex, 
race, and smoking history. Height and weight were measured 
with participants wearing light clothing and no shoes. Body 
mass index was calculated as weight in kilograms divided by 
height in meters squared. Fasting blood was collected and 
stored at −70 °F until needed for appropriate assays, includ-
ing high-density lipoprotein cholesterol, low-density lipo-
protein cholesterol, total cholesterol, and glucose. Cystatin C 
was measured by means of a particle-enhanced immunon-
ephelometric assay (N Latex Cystatin C, Dade Behring) with 
a nephelometer (Behring Nephelometer II Analyzer, Dade 
Behring) and calibrated to international standard. Diabetes 
mellitus was determined by self-report, the use of insulin or 
oral hypoglycemic agents, or a fasting glucose of ≥126 mg/dl.

Functional status measures included self-report of limi-
tation in activities of daily living, grip strength, and time 
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to walk 15-feet. Limitation in activities of daily living was 
ascertained by asking whether the participant had difficulty 
with eating, transferring from bed to chair, mobility inside 
the home, dressing, bathing, and using the toilet. We catego-
rized participants into those without limitation and those 
with limitation of ≥1 activity of daily living. Grip strength 
was measured by a hand-held Jama A  dynamometer and 
force was measured in kilograms of 3 maximal attempts 
with the subject’s dominant and nondominant hands. The 
variable chosen for analysis was the best of 3 attempts in the 
dominant hand. Walking speed was determined as the time 
(to 0.1 seconds) required for a participant to walk a 15-foot 
course at his or her usual pace.

Statistical analysis

First, we compared year 7 clinical and demographic 
characteristics across BP trajectory clusters using chi-
square and Kruskal–Wallis tests for categorical and contin-
uous variables. We then plotted the cumulative incidence 
of mortality, CVD, and HF over time, with separate lines 
for each BP trajectory cluster. We computed incidence rates 
per 1,000 person-years, and then we used Cox proportional 
hazards regression to model associations of each BP trajec-
tory cluster with risk of death, CVD, and HF. To account 
for potential bias due to the competing risk of death before 
onset of CVD and HF, we used Fine-Gray competing-risks 
analysis17 to estimate risk associations for HF and CVD.

We estimated the associations of cluster membership 
with each clinical outcome using sequential models. Model 
1 adjusted for demographic characteristics (age, race, sex) 
only. Model 2 adjusted for demographics and year 7 SBP. 
Model 3 included demographics, year 7 SBP, cardiovascu-
lar risk factors (smoking, body mass index, total cholesterol, 
high-density lipoprotein, estimated glomerular filtration 
rate by cystatin C, statin use, antihypertensive therapy, year 
7 DBP), history of chronic medical conditions (CVD, cere-
brovascular event, HF, diabetes), and functional status meas-
ures (grip strength, walking speed, activity of daily living 
measurements). Because age and year 7 SBP have previously 
been shown to be important predictors of CVD and HF in 
the CHS,5 we performed sequential modeling to further 

understand the role of these variables on the relationship 
between BP trajectories and clinical outcomes.

Sensitivity analysis

In a sensitivity analysis, we used an empiric approach to 
define categories of SBP and DBP change. We first exam-
ined the distributions of the SBP and DBP slopes separately 
using kernel density estimates to construct smoothed den-
sity curves. We then used the distributions of change to 
define the following categories for SBP and DBP separately: 
BP decline (lower 20th percentile of change over 7  years), 
increase (upper 20th percentile), and stable (middle three 
quintiles) (Supplementary Figure 1). In a separate analysis, 
we used the top and bottom fifth percentile of the distribu-
tion to define categories. We then performed multivariate 
analysis to explore separately the association of categories of 
changes in SBP and DBP with mortality.

RESULTS

Participant characteristics

Among 4,067 elderly participants who completed at the 
7 year visit of the CHS, the median age was 77 years (inter-
quartile range: 77, 82), 38% were male, and 17% were Black.

Our cluster analysis identified 3 distinct trajectories of BP 
change, depicted in Figure 1. At year 0 of the CHS, levels of 
both SBP and DBP were on average lowest in cluster 1, inter-
mediate in cluster 2, and highest in cluster 3. Participants in 
cluster 1 were characterized by increases in both SBP and 
DBP, whereas persons in cluster 2 had little change in aver-
age in SBP but had a decline in DBP. Persons in cluster 3 
had the highest initial SBP levels and experienced declines 
in both SBP and DBP (Table 1, Figure 1).

The number of BP recordings per individual was similar 
among clusters with an average of 6.5, 6.2, and 6.3 in clusters 
1, 2, and 3, respectively. The median number of BP record-
ings per individual was 7 in all 3 clusters (interquartile range: 
6, 7). Consistent with CHS recruitment, Black participants 
in our analysis had fewer BP measures on average when 
compared with non-Blacks (mean 4.7 vs. 6.6).

Figure 1. Trajectories of (a) SBP and (b) DBP by cluster. Figures depict grouped mean values of SBP and DBP at each study visit, with smooth spline fit 
overlaid for each cluster. Abbreviations: CHS, Cardiovascular Health Study; DBP, diastolic blood pressure; SBP, systolic blood pressure.
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Year 7 demographic and clinical characteristics by cluster 
are shown in Table 1. In general, cluster 3 had higher preva-
lence of comorbidities and worse functional status when 
compared with clusters 1 and 2. Relative to cluster 1, persons 
in cluster 3 were on average older, had higher prevalence 
of diabetes mellitus, hypertension, use of antihypertensive 
therapy, higher body mass index, lower estimated glomeru-
lar filtration rate, and prior history of CAD, HF, and stroke.

Association of BP trajectories with all-cause mortality

Over a median follow-up time of 9.3 years, a total of 2,475 
deaths occurred. Mortality rates were lowest in cluster 1, 
slightly higher in cluster 2, and highest in cluster 3. Compared 
with cluster 1, persons in cluster 3 had a 30% higher risk for 
death in demographic-adjusted models, and this association 
was only mildly attenuated after full adjustment (Table  2). 
Figure  2, which shows unadjusted cumulative incidence of 
mortality over time, shows consistently higher rates of death 
in cluster 3 as compared to cluster 1 and 2 (Figure 2).

Compared with cluster 1, persons in cluster 2 had a 9% 
higher risk of death in demographic-adjusted models. 
This finding was largely attenuated with full adjustment 
(Table 2). Adjustment for year 7 SBP moderately strength-
ened the associations of membership in cluster 2 or 3 with 
death when compared with cluster 1 (Table 2). Results were 
similar when we stratified by use of antihypertensive therapy 
(Supplementary Table 1).

Association of BP trajectories with incident CVD and HF

Over a median follow-up time of 9.0 years, a total of 659 
CVD and 1,049 HF events occurred. Rates of CVD and HF 
were lowest in cluster 1, slightly higher in cluster 2, and high-
est in cluster 3.  In demographic-adjusted analysis, cluster 
3 had a 15–16% increased risk of CVD and HF relative to 
cluster 1, although associations were not statistically signifi-
cant (Table 2). After additional adjustment for year 7 SBP, 
the association of cluster 2 with CVD and HF strengthened 
(hazard ratio = 1.34 and 1.31, respectively).

Table 1. Demographic and clinical characteristics of CHS participants by BP trajectory cluster

Parameter Overall (n = 4,067) Cluster 1 (n = 1,838) Cluster 2 (n = 1,109) Cluster 3 (n = 1,120) P value

Age 77 (75, 82) 77 (75, 82) 77 (74, 81) 78 (75, 83) <0.0001

Male 1,577 (39%) 672 (37%) 456 (41%) 449 (40%) 0.028

Black 566 (14%) 171 (9%) 219 (20%) 176 (16%) <0.0001

Diabetes 556 (16%) 202 (13%) 153 (16%) 201 (22%) <0.0001

Hypertension 1,900 (52%) 799 (48%) 482 (48%) 619 (61%) <0.0001

SBP (mm Hg) year 7 135 (123, 149) 140 (128, 155) 132 (121, 145) 130 (118, 142) <0.0001

DBP (mm Hg) year 7 70 (63, 77) 72 (66, 79) 67 (61, 73) 69 (61, 76) <0.0001

SBP (mm Hg) year 0 133 (120, 147) 125 (114, 137) 131 (121, 142) 150 (136, 162) <0.001

DBP (mm Hg) year 0 70 (63, 78) 66 (59, 73) 73 (66, 80) 75 (67, 82) <0.001

Smoking

 Current 280 (7%) 127 (7%) 83 (8%) 70 (7%) 0.55

 Former 1,716 (45%) 768 (44%) 482 (46%) 466 (45%)

Alcohol use 1,594 (41%) 788 (45%) 420 (40%) 386 (37%) <0.0001

Antihypertensive use 2,275 (58%) 877 (50%) 623 (58%) 775 (72%) <0.0001

Statin use 359 (9%) 143 (8%) 103 (10%) 113 (10%) 0.081

LDL (mg/dl)a 127 (106, 149) 128 (107, 150) 125 (106, 147) 125 (106, 147) 0.30

BMI (kg/m2) 26 (24, 29) 26 (23, 29) 27 (24, 30) 27 (24, 30) 0.0043

eGFR-cysC (ml/min/1.73 m2) 71 (58, 83) 72 (60, 84) 72 (60, 83) 68 (53, 80) <0.0001

15-feet walk speed (sec) 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (4.0, 6.0) 5.0 (5.0, 7.0) <0.0001

Activities of daily living score of 1 or more 818 (22%) 370 (22%) 188 (18%) 260 (25%) 0.0005

CADb 1,068 (26%) 441 (24%) 291 (26%) 336 (30%) 0.0015

HFc 434 (11%) 149 (8%) 111 (10%) 174 (16%) <0.0001

Stroke 308 (8%) 125 (7%) 69 (6%) 114 (10%) 0.0005

Data are obtained at year 7 visit at CHS unless noted and presented as median (interquartile range) or numbers (percent). Abbreviations: 
BP, blood pressure; BMI, body mass index; CAD, coronary artery disease; CHS, Cardiovascular Health Study; DBP, diastolic blood pressure; 
eGFR, estimated glomerular filtration rate; HF, heart failure; LDL, low-density lipoprotein; SBP, systolic blood pressure.

aObtained at year 5 visit.
bPrevalent coronary artery disease.
cPrevalent congestive heart failure.
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Sensitivity analyses

In a sensitivity analysis, we used the empiric distribu-
tions of changes in SBP and DBP to define BP trajecto-
ries (Supplementary Figure  1). Though not as strong as 
the association observed in cluster analysis, we simi-
larly found that a declining SBP was associated with the 
highest risk for death, whereas those with a stable or 
increasing SBP had lower mortality rates (Supplementary 
Table 2). In contrast to our cluster analysis, we found that 
an increasing DBP was associated with the highest risk for 
death when compared to both a stable and a decreasing 
DBP. The risk of death was lowest in those with a stable 
DBP trajectory and intermediate in those with a decreas-
ing DBP.

DISCUSSION

In this cohort of community-dwelling elderly persons 
with a median age of 77, we identified 3 distinct BP trajectory 
groups using 7 years of BP measurements. By using cluster 
analysis, we found that initial levels and changes in both SBP 
and DBP were strong determinants of group membership. 
The group with the strongest association with important 
clinical events had the highest initial BP levels and concord-
antly decreasing SBP and DBP.

The present study provides unique insight into patterns 
of BP changes in elders. Prior studies have described that 
on average SBP increases steadily with advancing age, 
whereas DBP peaks in the fifth decade and then progres-
sively decreases.10,18 By integrating both SBP and DBP in 
the same model, we found unique clusters of BP change 
in this cohort of community-dwelling elders. Membership 
within these clusters was associated with future risk of 
death. Specifically, we found that a BP trajectory character-
ized by higher year 7 BP levels and concordantly decreasing 
SBP and DBP was associated with a higher risk for death 
relative to other clusters. This finding remained robust after 
controlling for year 7 SBP, cardiovascular risk factors, and 
functional status.

Our findings highlight the utility of BP trajectories as 
a way to identify elderly persons at higher risk for death. 
Previous studies in elderly persons have not consistently 
shown BP change over time to be an independent predictor 
of death and cardiovascular events.11–13 However, these stud-
ies did not consider SBP and DBP jointly and were limited by 
fewer BP points and lack of adjudicated outcomes. Although 
we found an increasing DBP was associated with the highest 
risk of death in our sensitivity analysis, this finding suggests 
that in order to understand the relationship of BP trajecto-
ries with death, it is important to include both SBP and DBP 
in the analysis.

Figure 2. Association of clusters with cumulative incidence of all-cause mortality, cardiovascular disease and congestive heart failure. *Baseline cor-
responds to the seventh year visit in the CHS. Abbreviations: BP, blood pressure; CHF, congestive heart failure; CHS, Cardiovascular Health Study; CVD, 
cardiovascular disease; HF, heart failure.
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Distinct trajectories had weaker associations with risks of 
both CVD and HF events. Although CVD and HF rates were 
highest in those with a declining BP (cluster 3) and lowest in 
those with a rising BP (cluster 1), associations became signifi-
cant only after adjustment for year 7 SBP. This suggests that 
the higher observed crude risk of CVD and HF in cluster 3 
compared to cluster 1 is largely driven by baseline SBP. The 
importance of SBP as a predictor of incident CVD and CHF is 
consistent with prior studies that have shown that a single SBP 
estimate is predictive for incident CVD in an elderly cohort.5

Reasons why a declining BP may be a predictor of 
higher mortality risk in elders unclear. Some have sug-
gested that a declining BP may be an indicator of poor 
health status.14 However, declining BP remained associ-
ated with increased mortality after full adjustment for 
functional status and other confounders. It is also pos-
sible that aggressive attempts to lower BP in an elderly 
individual may increase risk for adverse outcomes.19 
However, our findings were similar when we stratified 
our results by use of antihypertensive therapy. It is also 
possible that those with a declining BP trajectory are at 
risk for hypotension in the community or are more likely 
to have greater BP variability, a known independent risk 
factor for future events.20,21 Future studies should investi-
gate these possibilities.

Our study represents a large, well-characterized, diverse 
cohort of community-dwelling elders with outcomes 
adjudicated by an expert panel. Due to the observational 
nature of the study, we are limited in our ability to infer 
causality of associations and are unable to completely 

account for unmeasured or residual confounding that 
could modify the associations observed in our study. We 
used Fine-Gray models to account for the competing risk 
of death in this elderly cohort.17 In CHS, Black individuals 
were recruited in a second wave of enrollment. To account 
for potential bias, we adjusted for race and required that 
all individuals within the analysis have a minimum of 
4 BP measures. Although we were not able to examine 
cause-specific mortality, future studies are needed to 
examine whether BP trajectory is an important deter-
minant of non-CVD causes of death, and if the observed 
relationship is an effect of medication intensification or 
modifiable risk factors with physiologic underpinnings. 
Clusters identified by unsupervised learning need to be 
validated in other cohort studies of community-dwelling 
elders.

In conclusions, among community-dwelling elders, 3 
distinct patterns of BP change were identified when incor-
porating both SBP and DBP. A  concordant decreasing BP 
trajectory was independently associated with higher risks for 
death but not CVD or HF. These findings were similar when 
stratified by use of antihypertensive therapy. Future studies 
are needed to understand the importance of BP lowering in 
adults.

SUPPLEMENTARY MATERIAL

Supplemental data are available at American Journal of 
Hypertension online.

Table 2. Association of BP trajectory cluster with outcomes

Follow-up time

Number of events

Event rate per 

1,000 PY

Demographicsa Demographics + SBP Multivariateb

Median, IQR HR (95% CI) HR (95% CI) HR (95% CI)

Mortality

 Cluster 1 (n = 1,838) 9.9 (5.3, 14.8) 1,060 (58%) 60.6 1 (reference) 1 (reference) 1 (reference)

 Cluster 2 (n = 1,109) 10.0 (5.2, 14.7) 650 (59%) 62.2 1.09 (0.99, 1.20) 1.12 (1.00, 1.24) 1.21 (1.06, 1.37)

 Cluster 3 (n = 1,120) 7.5 (3.9, 13.0) 765 (68%) 83.9 1.30 (1.19, 1.43) 1.36 (1.22, 1.51) 1.20 (1.05, 1.36)

Incident CVD

 Cluster 1 (n = 1,332) 9.2 (4.8, 14.8) 294 (22%) 24.0 1 (reference) 1 (reference) 1 (reference)

 Cluster 2 (n = 779) 9.8 (4.7, 14.7) 183 (23%) 25.2 1.10 (0.91, 1.33) 1.26 (1.03, 1.53) 1.18 (0.94, 1.48)

 Cluster 3 (n = 726) 7.7 (3.7, 13.4) 182 (25%) 30.6 1.16 (0.96, 1.39) 1.34 (1.10, 1.64) 1.32 (1.05, 1.66)

Incident HF

 Cluster 1 (n = 1,689) 8.9 (4.4, 13.7) 471 (28%) 32.3 1 (reference) 1 (reference) 1 (reference)

 Cluster 2 (n = 998) 8.9 (4.6, 13.7) 280 (28%) 32.6 1.02 (0.87, 1.18) 1.13 (0.96, 1.33) 1.02 (0.85, 1.22)

 Cluster 3 (n = 946) 6.9 (3.3, 12.1) 298 (32%) 42.2 1.15 (0.99, 1.34) 1.31 (1.11, 1.54) 1.18 (0.98, 1.43)

Abbreviations: ADL, activity of daily living; BP, blood pressure; CI, confidence interval; CHD, coronary heart disease; CVA, cerebrovascular 
accident; CVD, disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; HF, heart 
failure; HR, hazard ratio; IQR, interquartile range; PY, person year; SBP, systolic blood pressure.

aDemographics = age, sex, race; SBP = year 7 SBP.
bMultivariate = demographics + BP (year 7 SBP, DBP) + cardiovascular risk factors (smoking, body mass index, total cholesterol, HDL, eGFR 

by cystatin C, statin use, antihypertensive therapy) + history of chronic medical conditions (CHD, CVA, HF, diabetes) + functional status meas-
ures (grip strength, walking speed, ADL measurements).
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