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Abstract—Aging is often associated with increased systolic blood pressure and decreased diastolic blood pressure. Isolated
systolic hypertension or an elevated systolic blood pressure without an elevated diastolic blood pressure is a known risk
factor for incident heart failure in older adults. In the current study, we examined whether isolated diastolic hypotension,
defined as a diastolic blood pressure <60 mm Hg and a systolic blood pressure =100 mm Hg, is associated with
incident heart failure. Of the 5795 Medicare-eligible community-dwelling adults age =65 years in the Cardiovascular
Health Study, 5521 were free of prevalent heart failure at baseline. After excluding 145 individuals with baseline systolic
blood pressure <100 mm Hg, the final sample included 5376 participants, of whom 751 (14%) had isolated diastolic
hypotension. Propensity scores for isolated diastolic hypotension were calculated for each of the 5376 participants and
used to match 545 and 2348 participants with and without isolated diastolic hypotension, respectively, who were
balanced on 58 baseline characteristics. During >12 years of median follow-up, centrally adjudicated incident heart
failure developed in 25% and 20% of matched participants with and without isolated diastolic hypotension, respectively
(hazard ratio associated with isolated diastolic hypotension: 1.33 [95% CI: 1.10-1.61]; P=0.004). Among the 5376
prematch individuals, multivariable-adjusted hazard ratio for incident heart failure associated with isolated diastolic
hypotension was 1.29 (95% CI: 1.09-1.53; P=0.003). As in isolated systolic hypertension, among community-dwelling
older adults without prevalent heart failure, isolated diastolic hypotension is also a significant independent risk factor
for incident heart failure. (Hypertension. 2011;58:895-901.)
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Arterial stiffening is common in older adults and may Methods

contribute to the elevation of systolic blood pressure Study Design and Participants
(SBP) and the depression of diastolic blood pressure (DBP), The Cardiovascular Health Study (CHS) is a National Heart, Lung,
as well as a resultant widening of the pulse pressure (PP), all and Blood Institute—funded population-based prospective study of

cardiovascular disease in older adults, the details of which have been

. . S .
comn1.0n1y observ?d in this populatlon.. Although IS,Olated reported previously.*~¢ Briefly, 5888 Medicare-eligible community-
systolic hypertension (ISH), defined as isolated elevation of dwelling older adults (=65 years of age) were recruited in 2 phases;
SBP without a concomitant elevation of DBP, is a known risk an original cohort of 5201 participants recruited during 1989-1990

factor for incident heart failure (HF) in older adults,23 little is was later supplemented with a second cohort of 687 black partici-
’ pants recruited during 1992-1993. For the purpose of the current

known about the effect of an isolated diastolic hypotension study, we used a deidentified public-use copy of the CHS data
(IDH), where DBP is decreased without a concomitant obtained from the National Heart, Lung, and Blood Institute. These
decrease in SBP. The purpose of this study was to examine data, prepared by the CHS Central Coordinating Center at the
.. .. . . University of Washington, Seattle, are identical to the original CHS
the association between IDH and incident HF in community- data except that they contain data on 5795 participants (93 did not
dwelling older adults. consent to be included in the public-use copy of the data).
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Table 1.  Baseline Characteristics of Older Adults Without Prevalent Heart Failure by IDH*, Before and After Propensity Score Matching

n (%) or Mean (+=SD)

No IDH (n=4625)

P

No IDH (n=2348)

P

Demographics
Age =75y
Female
Nonwhite
Education college or higher

Past medical history
Coronary artery disease
Hypertension
Diabetes mellitus
Stroke
Peripheral artery disease
Loss of balance
Dizzy or light headed on standing up
Frequent falls
Self-reported fair-to-poor general health
Current smoker
Alcohol, units per week

Physical examination
Body mass index, kg/m?
Heart rate, bpm
Systolic blood pressure, mm Hg
Diastolic blood pressure, mm Hgt
Pulse pressure, mm Hgt
Mini-mental state examination
Depression score

Cardiopulmonary testing
Atrial fibrillation by electrocardiogram

Left ventricular hypertrophy by
electrocardiogram

Borderline or abnormal left ventricular
systolic function

Medications
Angiotensin-converting enzyme inhibitors
B-blockers
Calcium channel blockers
Diuretics
Any antihypertensive drug

Laboratory values
Serum creatinine, mg/dL
Serum uric acid, mg/dL
Serum glucose, mg/dL
Serum insulin, pU/mL
Serum potassium, mEq/L
Total cholesterol, mg/dL
Serum albumin, g/dL
Serum C-reactive protein, mg/L
Hemoglobin, g/dL

<0.001
<0.001
<0.001

0.813

<0.001
<0.001
0.103
0.757
0.016
0.013
0.965
0.431
0.926
0.018
<0.001

<0.001
<0.001
<0.001
<0.001
<0.001

0.008

0.036

0.225
0.676

0.141

0.001
0.977
0.159
0.825
0.297

0.106
0.090
0.658
0.606
0.020
0.057
0.059
0.217
<0.001

0.253
0.938
0.364
0.991

0.297
0.135
0.586
0.570
0.007
0.293
0.892
0.724
0.464
0.763
0.633

0.582
0.672
0.028

<0.001
<0.001

0.423
0.624

0.564
0.881

0.853

0.104
0.166
0.513
0.852
0.443

0.922
0.850
0.766
0.593
0.994
0.424
0.200
0.767
0.357

*IDH indicates isolated diastolic hypotension defined as a diastolic blood pressure <60 mm Hg and a systolic blood pressure =100 mm Hg.

TDiastolic blood pressure and pulse pressure are related to the exposure variable, IDH; are expected to be imbalanced; and are presented as baseline descriptive purposes only.
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Figure 1. Love plot displaying absolute standardized differences in baseline characteristics between older adults with and without iso-
lated diastolic hypotension (IDH), before and after propensity score matching.

Of the 5795 participants, 274 had centrally adjudicated prevalent
HF at baseline and, hence, were excluded from the current analysis.
Of the remaining 5521 participants, data on baseline SBP and DBP
were available on 5504 participants. Because our definition of IDH
excludes patients with SBP <100 mm Hg, we excluded 128 partic-
ipants with SBP <100 mm Hg. Thus, the final sample size was
composed of 5376 participants without baseline HF and with SBP
=100 mm Hg. We included participants with and without treated
hypertension to determine whether the effect of IDH on incident HF
varied by antihypertensive therapy.

Baseline IDH and Other Measurements

Seated SBP and DBP were measured at baseline in the right arm after
a 5-minute rest with a Hawksley random-zero sphygmomanometer,
and the average of 2 measurements corrected for O values was used.?
IDH was defined as DBP <60 mm Hg (and SBP =100 mm Hg),
and, of the 5376 participants, 751 (14%) had IDH. Because blood
pressure is a continuous variable and our definition of IDH is categor-
ical, to understand the clinical characteristics of those with IDH better,
we also categorized those with IDH into the following SBP categories:
100 to 109, 110 to 119, 120 to 129, 130 to 139, and =140 mm Hg. Data

Table 2. Baseline Characteristics of the 751 Prematch Participants With IDH, by Baseline SBP

SBP, mm Hg
Variable IDH (Total) 100-109 110-119 120-129 130-139 =140 P
Mean, n (%) 751 (100) 126 (17) 184 (25) 158 (21) 126 (17) 157 (21)
Mean age, y 75 73 74 74 75 77 <0.001
Female, n (%) 436 (65) 81 (64) 105 (57) 105 (67) 82 (65) 113 (72) 0.073
Hypertension, n (%) 321 (43) 24 (19) 44 (24) 52 (33) 44 (35) 157 (100) <0.001
Coronary artery disease, n (%) 181 (24) 33 (26) 42 (23) 43 (27) 26 (21) 37 (24) 0.707
Diabetes mellitus, n (%) 134 (18) 18 (14) 27 (15) 28 (18) 21 (17) 40 (26) 0.069
Mean blood pressure in persons not receiving
any antihypertensive drug, mm Hg
SBP 125 105 115 124 134 155 <0.001
DBP 54 55 54 54 54 53 0.197
PP 71 50 61 70 80 102 <0.001
Any antihypertensive drugs, n (%) 331 (44) 45 (36) 68 (37) 74 (47) 61 (48) 83 (53) 0.008
Mean blood pressure in persons receiving
any antihypertensive drug, mm Hg
SBP 129 106 115 124 134 152 <0.001
DBP 54 54 53 54 54 54 0.200
PP 75 52 62 70 80 99 <0.001

IDH indicates isolated diastolic hypotension; SBP, systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure.
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Table 3. Association of IDH* With Incident Heart Failure and All-Cause Mortality
No. of Events (%)
Absolute Risk Hazard Ratio
Outcomes No IDH IDH Differencet (95% Cl) P
Incident heart failure
Before matching (n=5376) n=4625 n=751
Unadjusted 929 (20) 189 (25) +5% 1.28 (1.10-1.50) 0.002
Multivariable adjusted 1.29 (1.09-1.53) 0.003
After matching (n=2893) n=2348 n=>545
Propensity matched 459 (20) 137 (25) +5% 1.33 (1.10-1.61) 0.004
All-cause mortality
Before matching (n=5376) n=4625 n=751
Unadjusted 1997 (43) 381 (51) +8% 1.19 (1.07-1.33) 0.002
Multivariable adjusted 1.14 (1.01-1.29) 0.031
After matching (n=2893) n=2348 n=>545
Propensity matched 1039 (44) 266 (49) +5% 1.12 (0.98-1.28) 0.096

*IDH indicates isolated diastolic hypotension defined as a diastolic blood pressure <60 mm Hg and a systolic blood pressure =100 mm Hg.
TAbsolute risk differences were calculated by subtracting the percentage of events in the IDH group from the percentage of events in the no-IDH group (before

values were rounded).

on demographics, past medical history, clinical findings, and laboratory
variables were collected at baseline and have been described in detail
previously.>*> Missing values for continuous variables were imputed
based on values predicted by age, sex, and race.

Assembly of the Balanced Cohort

Considering significant imbalances in baseline characteristics be-
tween participants with and without IDH (Table 1 and Figure 1), we
used propensity score matching to assemble a population in which
those with and without IDH would be well balanced in all of the
measured baseline characteristics.”-® Propensity scores for IDH were
estimated for each of the 5376 participants using a nonparsimonious
multivariable logistic regression model, in which IDH was the
dependent variable and 58 baseline characteristics (Figure 1) were
used as covariates.’°-!3 Using a greedy matching protocol we
matched each IDH participant with =<5 no-IDH participants who had
similar propensity scores, thus matching 545 IDH participants with
2348 no-IDH participants.>°-13 Absolute standardized differences
for all of the 58 covariates were estimated and presented as Love
plots.

Incident HF and Other Outcomes

The primary outcome for this study was centrally adjudicated
incident HF during a median follow-up of >12 years, which has
been described previously.>!4-1° Briefly, self-reports of physician-
diagnosed HF ascertained during semiannual visits were adjudicated
by CHS Events Committee through the examination of participant’s
medical charts for clinical symptoms, physical signs, and other
supporting evidence, including medications commonly used for HF
and follow-up surveillances. Secondary outcomes were all-cause
mortality and other incident cardiovascular events.

Statistical Analysis

For descriptive analyses, the Pearson )(2 test, Student 7 test, ANOVA,
Wilcoxon rank-sum test, and paired sample ¢ test were used as
appropriate for between-group comparisons. We used Kaplan-Meier
and Cox proportional hazard analyses to estimate the associations
between IDH and outcomes. Subgroup analyses were performed to
determine the homogeneity of this association. Sensitivity analyses
were performed as follows: (1) to quantify the degree of a hidden
bias that would need to be present to invalidate our conclusions
based on the propensity-matched cohort??; (2) to estimate the
multivariable-adjusted association of IDH with incident HF in
the 5376 prematch participants using the 58 covariates used in the

propensity model; and (3) to estimate the effect of IDH in 3141
prematch participants without hypertension (after excluding 157 and
2078 participants with and without IDH who had SBP
=140 mm Hg). All of the statistical tests were 2 tailed with 95%
confidence levels, and a P value <0.05 was considered significant.
SPSS for Windows version 15 (Chicago, IL) was used for all of the
data analysis.

Results

Baseline Characteristics

Compared with participants without IDH, those with IDH
were more likely to be older, female, white, current smokers,
and to have coronary artery disease but less likely to have
hypertension and similar orthostatic symptoms, all of which
were balanced after matching (Table 1 and Figure 1). Overall,
267 (5%) had DBP =90 mm Hg, and among the remaining
5109 participants, 1995 (39%) had ISH and 3114 (61%) had
normal SBP. Among the 751 older adults with IDH, 41% had
normal SBP, 38% had prehypertension, and 21% had ISH, of
whom, respectively, 37%, 48%, and 53% received antihyper-
tensive therapy (Table 2). Mean DBP was similar across SBP

045 HR = 1.33;

95% CI=1.10-1.61;
0.3 P=0.004 —

0.2 IDH //

0.1 /

No IDH

Incident heart failure

| | | | | | | ]
0 2 4 6 8 10 12 14
Follow up (years)
Number of patients at risk:
No-IDH 2348 2050 1621 1125
IDH 545 472 354 231

Figure 2. Kaplan-Meier plot for incident heart failure by isolated
diastolic hypotension (IDH). HR indicates hazard ratio.



Total patients
(N=2893)

Age, years

<75 (n=1782)

275 (n=1111)

Sex

Male (n=1103)

Female (n=1790)
African American

No (n=2620)

Yes (n=273)

Body mass index, kg/m?
18.5-24.9 (n=1194)
225.0 (n=1699)
Tobacco smoker

No (n=2510)

Yes (n=383)

Alcohol intake

No (n=1484)

Yes (n=1409)

Coronary artery disease
No (n=2339)

Yes (n=554)
Hypertension

No (n=1668)

Yes (n=1225)
_Diabetes mellitus

No (n=2427)

Yes (n=466)

Chronic kidney disease
No (n=2266)

Yes (n=627)

Plasma glucose, mg/dL
<126 (n=2474)

>126 (n=419)

Insulin, mcU/mL

<13 (n=1630)

>13 (n=1263)
Creactive protein, mg/L
<2.5 (n=1429)

>2.5 (n=1464)
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No IDH
(n=2348)

211/1458 (15%)
248/890 (28%)

215/896 (24%)
244/1452 (17%)

415/2120 (20%)
44/228 (19%)

158/975 (16%)
301/1373 (22%)

397/2035 (20%)
62/313 (20%)

268/1205 (22%)
191/1143 (17%)

315/1907 (17%)
144/441 (33%)

216/1333 (16%)
243/1015 (24%)

349/1974 (18%)
110/374 (29%)

326/1845 (18%)
133/503 (26%)

362/2014 (18%)
97/334 (29%)

232/1318 (18%)
227/1030 (22%)

170/1161 (15%)
289/1187 (24%)

IDH Incident heart failure, Hazard ratio P value
(n=545) - > (95%Cl) Effect Interaction
decreased | increased
69/324 (21%) : —— 1.54 (1.17-2.02) 0.002 0.075
68/221 (31%) —o— 1.09 (0.84-1.43) 0.521 ’
1
63/207 (30%) —— 1.28 (0.97-1.70) 0.081 0.757
74/338 (22%) —— 1.36 (1.05-1.77)  0.019 '
128/500 (26%) : —o— 1.36 (1.11-1.65) 0.003 0.568
9/45 (20%) I &> | 1.07 (0.52-2.18) 0.863 ’
1
50/219 (23%) : —— 1.50 (1.09-2.06) 0.013 0.345
87/326 (27%) —— 1.24 (0.97-1.57) 0.083 ’
1
119/475 (25%) H—=O— 1.31(1.07-1.61) 0.010 0.685
18/70 (26%) I : <> 1.47 (0.87-2.49) 0.148 ’
1
80/279 (29%) —o— 1.34 (1.04-1.72) 0.022 0912
571266 (21%) —— 1.32(0.98-1.77) 0.066 ’
1
97/432 (23%) : —— 1.41(1.12-1.76) 0.003 0.227
40/113 (35%) —e— 1.08 (0.76-1.53) 0.664 ’
1
70/335 (21%) ——A 1.30 (0.99-1.70) 0.060 0544
67/210 (32%) : —o— 147 (1.12-1.93) 0.005 '
1
98/453 (22%) —o— 1.24 (1.00-1.56) 0.056 0.225
39/92 (42%) : —— 1.61(1.12-2.33) 0.010 ’
103/421 (25%) : —o— 1.43(1.15-1.79) 0.001 0.164
34/124 (27%) —— 1.06 (0.72-1.54) 0.781 ’
1
99/460 (22%) I:—<>—| 1.22(0.97-1.52) 0.083 0.109
38/85 (45%) , ——@—— 174(1.19-253) 0.004 ’
1
72/312 (23%) H—O— 1.39 (1.07-1.81) 0.015 0.671
65/233 (28%) H—| 1.28 (0.97-1.68) 0.084 '
54/268 (20%) :I—<>—| 1.42(1.05-1.93) 0.025 0.600
83/277 (30%) —o— 1.27 (1.00-1.62) 0.055 ’
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Figure 3. Association of baseline isolated diastolic hypotension (IDH) with incident heart failure in subgroups of propensity score-

matched older adults.

categories regardless of the use of antihypertensive drugs
(Table 2).

Association of IDH With Incident HF

During >12 years of median follow-up, incident HF devel-
oped in 25% and 20% of matched participants with and
without IDH, respectively (hazard ratio [HR] when IDH was
compared with no-IDH: 1.33 [95% CI: 1.10-1.61]; P=0.004;
Table 3 and Figure 2). A hidden binary covariate that is a
near-perfect predictor of incident HF would need to increase
the odds of IDH by 17% to explain away this association.
This association was homogenous across a wide spectrum of
matched participants (Figure 3). Prematch associations of
IDH with incident HF are displayed in Table 3. The
multivariable-adjusted HR for IDH-associated incident HF in
prematch participants with SBP <140 mm Hg was 1.43 (95%
CIL: 1.16-1.77; P=0.001).

Association of IDH With Other Outcomes

All-cause mortality occurred in 49% and 44% of matched
participants with and without IDH, respectively (HR associ-
ated with IDH: 1.12 [95% CI: 0.98-1.28]; P=0.096; Table

3). IDH had no significant association with acute myocardial
infarction (HR: 0.94 [95% CI: 0.69-1.27]; P=0.664), angina
pectoris (HR: 1.04 [95% CI: 0.83-1.32]; P=0.724), stroke
(HR: 0.95 [95% CI: 0.74—1.24]; P=0.720), transient ische-
mic attack (HR: 1.21 [95% CI: 0.72-2.04]; P=0.475), and
peripheral arterial disease (HR: 0.81 [95% CI: 0.48-1.36];
P=0.420).

Discussion
The results of the current analysis demonstrate that IDH was
an independent risk factor for incident HF among
community-dwelling older adults, which was similar in mag-
nitude to the effect of ISH on incident HF in this cohort.> We
also demonstrate that the effect of IDH on incident HF was
homogeneous across a wide spectrum of older adults, includ-
ing those with SBP <140 mm Hg. Although diastolic hypo-
tension has been shown to be associated with adverse
cardiovascular outcomes,?! to the best of our knowledge, this
is the first report of a propensity-matched study identifying
IDH as a significant independent risk factor for centrally
adjudicated incident HF in community-dwelling older adults.
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As in ISH and wide PP, IDH is also primarily a manifes-
tation of impaired aortic compliance associated with aging,
which results in a rise in SBP and a fall in DBP, thus
widening the PP.2>-27 The resultant increased afterload and
myocardial oxygen demand may result in myocardial ische-
mia and subsequent systolic and diastolic dysfunction.?82°
Poor outcomes associated with a DBP =60 mm Hg in frail
older adults has been reported to be independent of aortic
compliance and left ventricular ejection fraction.?® Hyperten-
sion or uncontrolled SBP is unlikely to explain the associa-
tion between IDH and incident HF, because the association
persisted after excluding those with SBP =140 mm Hg. In
addition, the use of antihypertensive drugs is unlikely to
explain this association, because the mean SBP and DBP
were similar regardless of the use of antihypertensive drugs.
Although both ISH and IDH are associated with wide PP, the
roles of SBP and DBP in these 2 conditions may differ. For
example, despite a similar PP (70 mm Hg), DBP may not play
a role in the development of incident HF in ISH (150/
80 mm Hg), whereas SBP may not play a role in the
development of incident HF in IDH (120/50 mm Hg).3!
Further studies are needed to elucidate the detailed mecha-
nisms by which IDH is associated with incident HF.

In patients with hypertension and coronary artery disease,
a low DBP has been shown to be associated with poor
outcomes, and it has been suggested that excessive reduction
in DBP should be avoided in these patients.?%-32 Despite the
fact that, in our study, the mean SBP and DBP were similar
regardless of antihypertensive therapy, data from ISH suggest
that antihypertensive therapy is often associated with con-
comitant lowering of DBP.3? Because intensive lowering of
SBP may not reduce major cardiovascular events,?* taken
together with the findings of the current study, it may be
reasonable to keep DBP =60 mm Hg in older adults with
ISH. Future hypertension guidelines need to focus on optimal
DBP parameters for older adults receiving antihypertensive
therapy.

Several limitations of our study need to be acknowledged.
We had no data on dosages of antihypertensive drugs used to
determine whether those with IDH were receiving higher
doses. It is possible that participants without IDH at baseline
may have developed IDH during follow-up, and this regres-
sion dilution may have underestimated the associations ob-
served in our study.?> The association of IDH with outcomes
may vary across various subsets of SBP, which needs to be
examined in the future. Despite the displayed balance in all of
the measured baseline covariates, bias because of residual
imbalance or imbalance in an unmeasured covariate is pos-
sible. However, findings from our sensitivity analysis suggest
that the association of IDH with incident HF was rather
insensitive to an unmeasured covariate.

Perspectives

IDH, defined as a DBP <60 mm Hg with an SBP =100 mm Hg,
is an independent risk factor for incident HF in community-
dwelling older adults, the magnitude of which is similar to the
effect of ISH on incident HF.
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