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Abstract

Background—Heart Failure (HF) is an important and growing public health problem in women.
Risk factors for incident hospitalized HF with preserved (HFpEF) compared to reduced ejection
fraction (HFrEF) in women, and differences by race/ethnicity, are not well characterized.

Methods and Results—We prospectively evaluated the risk factors for incident hospitalized
HFpEF and HFrEF in a multi-racial cohort of 42,170 post-menopausal women followed for a
mean of 13.2 years. Cox regression models with time dependent covariate adjustment were used to
define risk factors for HFpEF and HFrEF. Differences by race/ethnicity regarding incidence rates,
baseline risk factors and their population attributable risk percentage (PAR%) were analyzed. Risk
factors for both HFpEF and HFrEF were as follows: older age, Caucasian race, diabetes, cigarette
smoking, and hypertension. Obesity, history of coronary heart disease (other than myocardial
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infarction (MI)), anemia, atrial fibrillation and more than one co-morbidity, were associated with
HFpEF but not HFrEF. History of MI was associated with HFrEF but not HFpEF. Obesity was
found to be a more potent risk factor for African American women compared with Caucasian
women for HFpEF (p for interaction= 0.007). For HFpEF, the PAR% was greatest for hypertension
(40.9%) followed by obesity (25.8%), with the highest PAR% found in African Americans for
these risk factors.

Conclusions—In this multi-racial cohort of postmenopausal women, obesity stands out as a
significant risk factor for HFpEF, with the strongest association in African American women.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier:
NCT00000611.
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Methods

Heart failure (HF) is a major and growing public health problem in the United States (U.S.)
that accounts for over one million hospital admissions per year and affects close to 6 million
Americans.! Of patients with incident HF in epidemiological studies, 40% to 71% have HF
with preserved, rather than reduced, ejection fraction (HFpEF versus HFrEF) and HFpEF is
more common in women.1~7 HFpEF is increasing in prevalence! and as opposed to HFrEF,
limited effective therapy are presently available. In order to guide future therapeutic
considerations, there is a need to better understand the risk factors and natural history of
HFpEF.

The epidemiology of HFpEF has largely been studied in Caucasian cohorts.2 4-7 Some
existing studies have examined incident HF in multi-ethnic cohorts but without ejection
fraction data or have studied survival of those with prevalent HFpEF.8-11 As such, there is an
important need to evaluate risk factors for incident HFpEF and HFrEF, especially in women
who are understudied.

The Women’s Health Initiative (WHI) recently re-adjudicated HF in a sub-cohort of women
that differentiates acute from chronic HF and allows for the evaluation of incident
hospitalized HFpEF and HFrEF.1213 We therefore sought to identify risk factors for HFpEF
and HFrEF in women in this sub-cohort and to better understand the role of race/ethnicity in
explaining any differences in HFpEF and its risk factors. For those HFpEF and HFrEF risk
factors that were amenable to prevention, we assessed their population attributable risk
percentage (PAR%) to estimate the amount of HFpEF and HFrEF that could be theoretically
reduced if these risk factors were eliminated.

Study Population

The WHI recruited women nationwide in 40 clinical centers between 1993 and 1998. Details
of the recruitment, baseline questionnaires and examinations performed have been published
previously. 14-16 Briefly, study participants were women 50 to 79 years of age at baseline
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who had no terminal illness and were eligible for either the clinical trials or observational
arm, completed baseline assessments, including several self-administered questionnaires of
socio-demographic characteristics, medical history, reproductive and menstrual history,
health behavior and family history of selected diseases. Of the 161,808, postmenopausal
women in the original cohort, a sub-cohort of 44,174 women, were evaluated for
hospitalized HF from baseline through January 13, 2015. To allow for evaluation of racial
and ethnic differences with adequate statistical power, we excluded those whose self-
reported race was Asian/Pacific islander, Native American or unknown race/ethnicity
(n=1042). To evaluate a disease free cohort, we excluded 505 women with self-reported HF
at baseline and 444 who had chronic HF upon their first adjudication. The final analytic
cohort was 42,170 women. This study received Institutional Review Board approval and all
participants signed informed consents at all 40 clinical centers.

Hospitalized HF was adjudicated based upon self-report of a hospitalization related to HF or
coronary heart disease (CHD) by trained adjudicators.1213 Details of the adjudication
process for acute HF are given in appendix 1. Acute HF with an ejection fraction < 45% was
considered HFrEF. Acute HF with an ejection fraction = 45% was considered HFpEF. If no
ejection fraction was available it was classified as HFUEF. We performed an additional
sensitivity analysis defining HFpEF as an ejection fraction of = 50% and HFrEF as < 50%.

The acute HF classification system utilized in this analysis has been shown to have good
agreement with other HF epidemiologic algorithms including: Framingham (69.5%),
modified Boston (63.7%), NHANES (60.9%), Gothenburg (59.5%), ICD-9-CM (62.9%) and
demonstrate modest kappa coefficients (0.32-0.10).12

Clinical covariates

Race/ethnicity was self-reported as black or African American, Hispanic/Latino, white or
Caucasian (not of Hispanic origin), or other.14.1% Clinical covariates include: age, education,
income, cigarette smoking, current hormone use, hypertension, diabetes mellitus, atrial
fibrillation, coronary heart disease, chronic lung disease, physical activity, medication use,
alcohol use, co-morbid conditions, and anemia. Details can be found in appendix 2.

Statistical Methods

Baseline characteristics are reported separately by race/ethnicity, and due to differences in
age in the race/ethnicity groups, percentages are adjusted to the five-year age distribution of
the HT participants. Annualized event rates were also age-adjusted as above; with 95%
confidence intervals computed using a bootstrap method with 5,000 repetitions.

Primary analyses used time-to-event methods based on the Cox regression model. Time is
defined as days from randomization in the HT, or from WHI enrollment for non-HT
participants to the event or censoring. Censoring is the earliest of HF of a different type,
death, end-of-follow-up, or January 13, 2015. All models were stratified by study
component (clinical trial or observational study), and age strata used for clinical trial
randomization. Cox regression models use the Wald chi-square test to evaluate the effect of
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each individual variable while simultaneously adjusting for all variables in the model. Tests
for interactions are based on likelihood ratio tests. PAR% were calculated using the standard
definitions.1’

Of the sub-cohort of 42,170 women evaluated for incident hospitalized HF, 51.2% were
Caucasian, 33.6% were African American and 15.2%, were Hispanic. At baseline, African
American and Hispanic women were younger than Caucasian women; therefore age-
adjusted baseline comparisons have been made. (Table 1) African American women had
lower incomes, were more likely to be obese, less physically active, and had higher
prevalence of hypertension, diabetes, CHD, myocardial infarction (M), stroke than their
Caucasian counterparts. In addition, African American women were more likely to have had
a hysterectomy, have anemia, and less likely to be on aspirin. Hispanic women were less
educated, had lower incomes, had less health insurance, more likely to have diabetes and
have had a hysterectomy and were less likely to be current smokers and to take aspirin than
Caucasian women.

Of the 42,170 women, followed for a mean of 13.2 years, there were 1952 cases of acute
incident hospitalized HF. Of these 1952 cases, 70.7% had troponin measures, 38.9% had
BNP and 6.1% had NT Pro-BNP assessed. Ejection fraction was determined at the time of
HF hospitalization in 1419 cases (73%). Of these, 85% were determined by transthoracic
echocardiogram, 1% by radionucleotide ventriculogram, 11% by angiography, 1% by stress
echo, and 2% by transesophageal echocardiogram.

Of the 1952 cases of acute incident hospitalized HF, 902 (46.2%) met the definition of
HFpEF, 508 (26.0%) were HFrEF, 533 (27.3%) were of unknown ejection fraction and 9
cases initially had a reduced ejection fraction which improved to normal. Annualized
incidence rates were 0.35% for incident hospitalized HF, 0.16% for HFpEF and 0.09% for
HFrEF with higher incident rates for HFpEF, compared to HFrEF for all race/ethnicity
groups. Caucasian women were more likely to develop both HFpEF and HFrEF compared to
African American and Hispanic women, with age-adjusted annualized incidence (%) and
95% CI of 0.20 (0.18, 0.21) for HFpEF and 0.10 (0.09,0.11) for HFrEF for Caucasian
women, 0.0.15 (0.13,0.17) for HFpEF, 0.10(0.08,0.12) for HFrEF for African American
women and 0.08 (0.06,0.010) for HFpEF, and 0.05 (0.03,0.07) for HFrEF for Hispanic
women.

Risk factors for HFpEF compared to HFrEF

We examined risk factors for hospitalized incident HFpEF and HFrEF (Table 2). Compared
to Caucasian women Hispanic women had a lower risk for both HFpEF and HFrEF in fully
adjusted models, while African American women had a lower risk of HFpEF. Risk factors
for both incident hospitalized HFpEF and HFrEF were older age, hypertension, diabetes at
baseline and interim diabetes, current smoking, and interim MI, CHD and cancer. Anemia
had a similar increased magnitude of risk for HFpEF and HFrEF but didn’t reach statistical
significance for HFrEF. Risk factors of incident hospitalized HFpEF, but not HFrEF, were
obesity, history of CHD other than MI, more than one co-morbidity, and hysterectomy with
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partial oophorectomy but not bilateral oophorectomy and atrial fibrillation. Risk factors for
HFrEF and not HFpEF were history of Ml and elevated heart rate was of borderline
significance.

Differences in HFpEF between African American, Hispanic American and Caucasian
women

We evaluated risk factors for incident hospitalized HFpEF and HFrEF stratified by race/
ethnicity. (Table 2) Most risk factors were similar between the three race groups except for a
significant interaction with obesity (p=0.007). Compared to BMI <25 kg/m2, BMI categories
30-34.9, and >35kg/m? placed African American women at greater risk for HFpEF (HR=
6.27, 95% ClI 2.49, 15.77; HR=7.50, 95% CI 2.96, 18.98) compared to Caucasian women
(HR=1.08, 95% CI 0.81, 1.43; HR=2.10, 95%CI 1.57, 2.80). Hispanic women with BMI
>35 kg/m2also were at a significantly increased risk for HFpEF, HR=4.29,95%CI 1.24,
14.90).

Population Attributable Risk% for HFpEF and HFrEF

In order to assess the impact of potential preventive strategies for HFpEF and HFrEF, the
PAR% for risk factors that are amenable to change and prevalent in the population
(hypertension, obesity, diabetes, and CHD) were calculated. (Figure 1)

For HFpEF, approximately 2/3rds of the PAR% is associated with hypertension and obesity
while diabetes and CHD make up approximately 1/4th of the PAR%. For African American
women, hypertension and obesity were associated with over 90% of the PAR% and for
Hispanic women the same risk factors were associated with approximately 72% of the PAR
%. For HFrEF, hypertension showed the strongest PAR% in all three race/ethnicity groups.

Discussion

This study of incident hospitalized HFpEF and HFrEF in a multi-ethnic cohort of women
confirms previous findings that HFpEF is of greater incidence than HFrEF in post-
menopausal women and that risk factors for both HFpEF and HFrEF include age, CHD,
diabetes, smoking and hypertension. Robust associations for HFpEF, but not HFrEF, include
obesity, number of co-morbid conditions, anemia and atrial fibrillation. As expected, Ml is a
risk factor for HFrEF. This study is unique in describing the importance of obesity as a risk
factor for HFpEF and its PAR%, with special significance for African American women.
While the important role of hypertension as a risk factor for both HFpEF and HFrEF is well
documented, the important role of obesity as a risk factor in women for HFpEF is less well
known.

Ho et all® found a similar result for obesity as a risk factor for incident HFpEF in both sexes
in the Framingham Heart study, as did Gupta et al'! in the Atherosclerosis Risk in
Communities study for prevalent HFpEF in African Americans. Lam et al found stronger
association of obesity in women compared to men in the baseline assessment of participants
in the I-PRESERVE trial.1® Browers et al in the Dutch Prevend study found obesity to be a
risk factor for both HFpEF and HFrEF.20 The pathophysiologic mechanisms by which
higher BMI levels are associated with higher rates of incident HFpEF may well be related to
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adverse effects on obesity on skeletal muscle, oxidative stress, inflammation, and insulin
resistance, all contributors to HFpEF.21 Recently Paulus and Tschope?2 have proposed that
obesity through the above mechanisms may induce changes in the coronary microvascular
endothelium while Mohammed et al 23 has shown associations with coronary microvascular
rarefaction with HFpEF as another potential mechanism.

While overweight and obesity are risk factors for incident HF and for HFpEF in most
studies, both Haas et al and Kao have demonstrated in the I-PRESERVE and CHARM
preserved trials that HFpEF participants with either lower BMIs and higher BMIs predicted
more cardiovascular events and decreased survival.24 25 This apparent paradox might be
explained by cardiac cachexia and nutritional deficiencies associated with lower BMI26
while a BMI > 35kg/m? is associated with higher rates of glucose intolerance, metabolic
syndrome, chronic inflammation, all of which contribute to worse cardiovascular outcomes
and higher levels of mortality.2!

The importance of overweight and obesity in the potential prevention of HFpEF in women,
especially in African American women, is noteworthy given its high PAR%. Why
overweight and obesity places African American women at higher risk for HFpEF compared
to Caucasian women even when adjusting for diabetes and hypertension is unknown but
differences in inflammatory obesity, insulin sensitivity, and visceral fat distribution might
play a role in these findings. The potential synergy between weight loss and exercise in
obese, sedentary women and their impact on the prevention of HFpEF is worthy of future
trials. Indeed in those with HFpEF, a recent trial showed an improvement in peak oxygen
consumption with additive effects for weight loss and exercise. 27

Our study is the largest study in post-menopausal women to evaluate clinical risk factors for
incident hospitalized HF with preserved and reduced ejection fractions and allows for race/
ethnicity comparisons. An additional strength of our study was that it utilized a well
validated classification system in defining new onset incident hospitalized HF and its
subtypes.

Our study has several important caveats to consider when evaluating its conclusions. First it
relied upon hospitalized HF and therefore outpatient diagnosed HF was not captured.
However outpatient diagnosed HF is less than 25% of HF, is equal distributed between
HFpEF and HFrEF and leads to subsequent hospitalization within a relatively short period of
time. 28 In addition, ejection fraction information while captured in the majority of HF
outcomes was missing in 27%, leading to potential misclassification bias. We may have
overestimated the frequency of HFrEF by using an EF of <45% compared to a more
stringent EF of <40% in order to categorize as many participants as either HFpEF or HFrEF
in our cohort. In addition, the differential association between some risk factors and type of
heart failure could be due to dependent censoring, although unlikely. We performed a
sensitivity analysis using =50% ejection fraction defining HFpEF and <50% defining HFrEF
and found similar results. We have limited power in our comparison of risk factors for
Hispanic American women due to small number of HF events in Hispanic women.

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Eaton et al. Page 7

Conclusion

This study demonstrated the higher incidence rate for new onset hospitalized HFpEF
compared to HFrEF. Differential risk factors for new onset HFpEF included obesity, number
of comorbidities, anemia and atrial fibrillation, whereas cigarette smoking, diabetes mellitus,
hypertension, CHD were risk factors for both types of HF. Obesity was found to be a more
potent risk factor for African American women compared to Caucasian women for HFpEF
and showed a trend in Hispanic women. Since HFpEF is growing in incidence and
prevalence as the population ages, and limited effective treatment for HFpEF are presently
available, preventive strategies focusing on hypertension and obesity given their high PAR%
appear most promising.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective

Heart failure (HF) is a major and growing public health problem in the United States,
especially in older women. HFpEF is increasing in prevalence and as opposed to HFrEF,
limited effective therapy are presently available. In order to guide future therapeutic
considerations, there is a need to better understand the risk factors and natural history of
HFpEF compared to HFrEF. This study compared risk factors for incident HFpEF and
HFrEF and explored differences by race/ethnicity in 42,170 post-menopausal women
followed for 13 years. Obesity and hypertension were both highly prevalent and extreme
obesity (BMI1>35) was a potent risk factors for HFpEF (HR= 2.36) and not HFrEF
(HR=1.00) with a stronger association in African American women (HR=7.50) compared
with Caucasian women (HR=2.10). The association of obesity with HFpEF could be
associated with the adverse effects of obesity on skeletal muscle, oxidative stress,
inflammation and insulin resistance which may lead to changes in coronary
microvascular endothelium or changes in coronary microvascular rarefaction. The reason
for the differential association of obesity on the risk of HFpEF in African American
women compared to Caucasian women needs further investigation.
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Figure 1A. Population attributable risk* by race and ethnicity for heart failure with

preserved ejection fraction

* - sum of PAR % within race/ethnicity may be greater than 100% as incidence rates are not

adjusted for other risk factors

Figure 1B. Population attributable risk* by race and ethnicity for heart failure with reduced

ejection fraction

* - sum of PAR % within race/ethnicity may be greater than 100% as incidence rates are not

adjusted for other risk factors

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 12

Eaton et al.

Author Manuscript

9] Svy TCT 9291 4% 26 (s1ous 10 s|1d) sa1eqelq paresl L
2’68 8ITZ 229 8£28 9'8¢ Y¥6. (06/0¥T Z dd Jo spaw Buixer) uoisuaniadAH Jo AloisiH
6T 00T LT LVE 60 96T 19N8 0NS
o€ T L9 928 e 128 ZaHJ Jo AosiH
€T zL v'e L€ 6T 62 1IN Jo KioisIH
9T €98 7€ 88€€ T 800€ gez
0'€Z 08vT 022 TLLE 022 ey Ge>-0¢
1'8¢ 8TvZ  7'€e 009% 'se ¥£9. 0e>-52
9'6e LIST 99T 1.22 v'8g G219 Gz>
(zw/Bx) xapu sselN Apog
A 98y €6 Z6€T 8'ZT evse 1e3A/000°'G.$ =
an 9z, 86T 1122 g'.T Gese 1eak/666'7.$-000'05$
9'GT 926 9.1 69€2 9'7Z Sevy 1eak/666'67$-000'GES
8'59 orse €4S £80L T8y €T00T 183K/000°'GES>
awoou| Ajiweq
602 9TET  6%E SY6Y w4 7569 Jayby 1o sa1Bap 8bs|j0D
T'6L 1167 T'S9 1€06 §'29 2€SrT aa.bap 869]102 Uey) sso7
uoleanp3
x4 89 T 1172 A4 1125 6.-0.
€St 16V €'Sv £709 €St 8666 69-09
g'ze Geze  §'Te 6£65 g'ze 88€9 65-0S
(K) Buiusalos 1e by
T % N T % N T % N

(8079=N) oluedsiH

(6STHT=N) Uedl oWy Uedl iy

(€09T2=N) ueseone)

T alqeL

Author Manuscript

Author Manuscript

siuedionued 0T 2y Ul Aloluy13/80ey AQ Sonsiiaoeleyd auljaseg

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 13

Eaton et al.

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.

19T 88TT €8 99ZT 9z 820. d+3
6'TC 2€ET  L'€e rAze14 €8T ¥96€ Jasn-uou/ogaded suofe-3
zee 825T ¥'T¢C v8T€ 0'8T 806€ auofe-3
£sn Adesay] auowloH waund
L'TT 199  6€T €e8T 71e €L9Y (Bw 0g=) asn uLdsy
9'G 8l 6L 890T L9 G8yT asn Jaxoo|g elag
69 G8¢ Tve 89¢¢ S0T 1€C asn sonainig
€Y ez 19 €Ll Gg 7L €2
G'0T 8/ 9TI 20ST €0T 2672 z
€2 80€T ¥'S¢ €Le€ 7’61 €0TY T
629 06§ 695 0.8L 699 ZTovtT 0
(xapuy uos|reyd) Apigiow-0d
80 14 v'e GTE €0 99 (Ip/wb 1T > gbH) elwsuy
0€ €T  T¥ 118 9¢ v0L aseasiq BunT o1uoay) jo AoisiH
4 LIT TS G/9 €'e 8TL uone|ugi ety Jo AioisiH
v'iT ¥60T  8'TC 690€ 4% €80€ [esere|ig
0Tt v9 28T YA 74 66 ovTe Jaquinu umouuny[enedyfelarejiun
9TL G/SY  T'09 15v8 6'SL 2Te9T BUON
Awoydaioydoo
A4 9982 T'SS 6€8L €9¢ 2.8L Awo1021315AH
19T 188 19T £80¢ a4) S6vC eiwapidisAg
7’9 ¢Sy L0T 85T 70T 89TC J1ayows 1N
gL 9Ty €8 2tTt 43 189 (DSIAIN 1d82x®) 180ue) Jo AloisiH
1% N 1% N 1% N
(80r9=N) dluedsiH  (6STYT=N) UedlioWy Uedll)y  (€09TZ=N) Uesseoned

Author Manuscript Author Manuscript Author Manuscript Author Manuscript



Page 14

Eaton et al.

'syuedionued [eli] suowoH ay Jo uonnquisip abe Jeak g ayy 03 paisnipe abe are (QS) UeaN

V4
‘AW01081915AY & Inoym syuedioned

1 H-Uou Joj auijaseq 1e pauodal 8sn d+3 uaLINd 10 ‘Awo108.81sAY & yim siuedioned | H-Uou 1oy suljaseq e paliodal asn auoje-3 1uaiind 4o ‘siuedionued [eLil | H 8y} 40§ We UOIeZIWOPUES SI SN JUsLIND

&
‘uolealpaw Buriinbai euibue pue [Dd/99vD ‘1IN Sapnjoul m__._uN
‘sjuedioied Jeli] suowloH ay Jo uonnguisip abe Jeak g ay 0} paisnipe abe ase mmmscmemn_w
(gT1) 069 1689 (£€T)L0OL YETYT (8TT)TO0L  9851¢ (wdaq) syey wesH
(L'9) e€9 80v9  (L'9) €€9 6STYT (L'9) €9 £09T2 BuIusalas e aby
#(as) ues »(as) uesy N plas)uesn
(80%79=N) o1uedsiH (6STYT=N) 32e|9 (€09TZ=N) 8MUM
612 89vT  v'2e ¥50€ 6'9¢ 2Tes GE'GT=
S T Tve 98z¢ 092 orTS €GT>—-629
§'Ge 2eST  T9C 09G€ 9ve L€8Y 62'9>-62'T
T5e 1661 212 25.€ §ze €8eY GZ'T>
(MY LIIN) AnAnoy [ealsAyd wiouy ym/ainipusdx3 AB1sug [elol
L'y 62 TV 709 62T 1812 MMYSHULIP +/
891 €2IT  G€T GE6T 7'se 82vS SMSHULP 1> =T
g'ee 1¥12  L°08 78eY e 892/ MMpuIp 7>
0's vZle 918 620 9'/¢ €569 JaxjuLip ised/uoN
ayel| [0yod|y
£'es 858y  L'Z6 99T 226 ¥686T soueinsu| Auy
VT 188  G'GT 1212 €92 9T.S asn Adelay 1 auoulioH Joud Auy
'8¢ ¥ 9'9¢ L¥0S 1€ €09 Jasn-uou/ogade|d d+3
1% N 1% N 1% N
(8079=N) oluedsiH  (BSTHT=N) UedlBWY Uedllyy  (€09TZ=N) Ueseone)

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 15

Eaton et al.

(72 '20°0) ¥2°0

(LS'T'€T'0) S70

(L02'0L0) T2'T

L@STTTT) 29T

(221'68°0)€C'T

(9T '20'T) 0E'T

(85T '26°0) 02'T

*¥

(€9TOTT) ¥ET

alow 10 T

(suoN=4a1) Aupigiow-0D

. (0£7€65 'v9'T) 8T'TE

(z0'€ '80°0) 8¥°0

(902 'e€'0) 28°0

(v2'T'07°0) ¥8°0

(L7€'88°0) GL'T

(9872 '¢6°0) 87T

(2r'z'18°0)SY'T

(#2'1'28°0) 02T

(oN=J81) 190U XH

(082 'vT°0) €9°0

(99'Z'1€°0) 16'0

(2T'1'5€°0) 29°0

(55T '€9°0) 66°0

(€51 '69°0) €0°T

(9T '26'0) €2°T

(9T'T'29°0) 580

(97’1 '76°0) ST'T

[esarenig

VN

(88'G'v9°0) 98°T

(6€T 'S7°0) 620

(S6'T'28°0)92°T

(ze1'95°0) 8°0

(T6'T'80'T) EV'T

(ET'T'25°0) 08°0

LLT'TTT) OF'T

Jaguinu umouun /jerJed/relare|iun

x

*

(suoN=4a1) Awoyd810ydOO

(8T 'v20) /80

(827 '92°0) 18°T

(291 '85°0) L6'0

(ve'T '65°0) 68°0

(#S'T°08°0) TT'T

(TT'T20) 160

(2r'T'v8°0) 60°T

(TTT'v2°0) 160

(oN=ya1) erwapidiisiag

v BTVST ¥5'T) EV'ST

(92'1'10°0) 2T°0

(PO '8TT) VYT

*x

L (89 VP'T) 0ET

L(982'90T) ¥.'T

e (LVTITT) LT

(rTe'67'T) 9T

FHXK

R

(62 TV T) ¥8'T

(oN=$81) W@

VN

VN

(ev'e '19°0) ¥¥'T

(692 '79°0) TE'T

(L8°2'T70) 20T

(LL'2'98°0) SS'T

(62'2'89°0)SZ'T

(0T'2°18°0)SE'T

(oN=J31) 80nS XH

(z0€z 'v'0) 6T

(99'S '70°0) 05°0

(¥€'€'08°0) €9'T

LIVETTT)G6T

(59'T ‘25°0) €6°0

L(0E2'20T) ST

(18T'6L°0) 22T

*¥

(6TZLTT)09°T

(ON=J21) 1IN UeUs J8LI0 QHD XH

(LG'SZT 'YT0) 2TV

(1705 ‘0V°0) 16V

(¥Z'v'06°0) S6'T

(€6'T '6%7°0) 260

(v6'S5'16'T) LEE

FHEK

(29T'990) 50T

(06°€ '09'T) 052

KKK

(LST'v20) 80T

(ON=$1) IN XH

(ET'T'85°0) 18°0

(62'1°26°0) 60T

(TT'T'66'0) SO'T

(80'T°26'0) 20T

L(60T'00T)S0'T

(€0'T 'S6°0) 66°0

L(80T'00T) ¥O'T

(€0'T°26'0) 00T

wdq g Jad a1y LesH

Leev'sen ey

(092'150) 22T

L(P52T'T0T) 09T

x.

L1922z 1) 081

(T22'85T) L0C

FHEK

(06'T '0€T) LST

FHKK

(152 '65'T) 66'T

FHXK

FHEN

(98'T'€€'T) /ST

(oN=Ja1) uoisuanadAH

(L2'7'9T°0) 88°0

(00€ '67°0) 22'T

(22'1'69°0)60°T

(80°'T'05°0) ¥2°0

(22'1°19°0) 06'0

(S2'T'28°0) 10T

(8T'T'22°0) 260

(2T'1'82°0) €6°0

(aa46ap aba]100>=}81) uoireanpa abs|j0D

(60'6% '60°0) L0'Z

VN

(z6'2'25°0) €21

(99€'98°0) 2L'T

(eze'e60) ELT

(96°0 ‘8€°0) 19°0

(152 ‘v6) €ST

(€T'T'€5°0) LL°0

1eak/3G/$=2

(LEV2'TT0) ¥9'T

(TT'7'8T°0) £8°0

(€6°'T '07°0) 88°0

(T7'2'99°0) 92°T

(re€'021) 102

(S2'1'29°0) 16°0

(6£Z'S0'T) 6S'T

(L2'1'€L°0) 96°0

1e9A/305$>-5¢€$

(oT'62'92°0) €L

(879 'LV 0) ¥L'T

(06''08°0) €S'T

L(82€'80'7) 88T

L WTE0ZT) ¥6'T

(ST 'v8°0) 0T'T

(192'€2T)6LT

(09T '66°0) 92'T

Je3A/¥GES >

x*

(MG.$-05$=481) awoau]

(06°0 '€€°0) ¥5°0

(69°02€0) L¥'0

oluedsiH

¥0'T'LG5°0) LL°0

(52°0°L¥°0) 650

xoelg

x*

FHKK

(aym=4a1) aoey

(86'9 '29°0) 80°C

(20'8'52°0) 972

(T0E'T0T) vL'T

(129'19°7) €0t

(¥8'5'87'2) 08°€

(298 ‘6¥'7) ¥2'9

(62°€'102) 922

(eL9'sov) zz's

69-0.

(152 'v€0) €60

(¥09's2T) .2

(18'T'G2°0) 9T'T

(¥6'2'0r'T) €02

(L6'2'0€'T) L6'T

(18'€'50'2) 28

(L6T'TTT) 87T

(oTe's6'T) 9r'C

69-09

¥

FHEK

F¥¥

FHXK

(65-05=431) 8by

uedl ewy uedl Wy
oluedsiH oluedsIH ueol v ueol 1y Ueseone) Ueseone) fe1oL [EloL
(1D %56) ¥H (12 %S56) ¥H (1D %S56) ¥H (1D %56) ¥H (12 %56) ¥H (1D %36) ¥H (12 %S6) ¥H 1(10 %g6) ¥H
43.44H 43d4H 4314H 43d4H 43.4H 43d4H 43.4H 43d4H Jo1oed ysiy
Aidiuyia/e0ey Aq payiens pue [[esnQ 4344H pue 43d-4H J0j SI010e4 XSty
¢ 3719vL

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



Page 16

Eaton et al.

(sozz'vL0) 607 | (129 ‘2€e0) OV'T L(rsv'20T) 022 (25T 'T7°0) 6L°0 L(69C°20T) 69T L (BTT9TT) 09T L. (69C°22T) 58T L(8T'SOT) 6ET (ON=481) 1IN J0U-QHD WiBI|
(06'TS 'v2°0)8T9 | (18€2'9T'0) 86T | s (VOB 'LETITEE | (969 °8E'T) OT'E L(OVE'80T) 26T Laveeon vt | (oseovTTee |, (29282 T) €8T (ON=J31) I\l WLIBIU]
(ev'v'12°0) 260 | (VS'€'SK0) 92T (€8T 'ev'0) 68°0 (99'2'99°0) €€'T (z'2'89°0) 9€'1 (9T'T'15°0) 220 (SL'T'69°0) OT'T (¥2'T '¥9°0) 68°0 (suoN=ya1) soueInsur Auy
(Te'9Z '0T°0) T9'T wN (8¥'2'€€°0) 060 (sz'z'9e0) T6'0 (tzT'0L0)0T'T (7' 1°9L°0) 70T (T9T'€°0) 80T (r7'1'6L°0) LO'T AM/SHULIP /2
(eT'v 'TT°0) L9°0 | (80'TT '1S'0) 8E'Z (Ly'T's7'0) 18°0 (zv'T '25°0) 98°0 (8€'1'29°0) 26'0 (TZ'T 'vL'0) S6'0 (92'T'69°0) €6°0 (8T'T'9L°0) S6'0 SMysHuLIp T>
(06'5°21°0)66°0 | (€0°0Z ‘00°T) L¥'¥ (ez'1'8€0) 89°0 (02T 's7°0) ¥2°0 (T2'1'v8°0) 02T (6T'T'1L0) 260 (2£T'62°0)TOT (ZT'T'5L°0) ¥6°0 1sed/uoN
(imysiuLp L>=T=J1) |0yod|v
(96°'¢ ‘zz0) €60 | (TLT'ST'0) 050 (80C'zr0) 2zt (s0z ‘z60) LET (T9'1'¢6'0) €21 (TT'T'€L0) 060 (e5T'66°0) TZ'T (LT'1'18°0) 260 (suoN=ya1) asn 1H soud Auy
(96'T'€T'0) 060 | (€02 '¥2'0) 69°0 (zzT'2ro)1L0 (¥€'T '55°0) 98°0 (LT'T'28°0)8L°0 (€9'1'88'0) 02'T (86'0'€5°0) 2L°0 (¥€'1'€8'0) SO'T asn-uou/joqadeld d+3
(Or1T°100 110 | (#9'T'TT0) €V (62T '12°0) 250 (2€'1'92°0) 09'0 (ST'T'15°0) 220 (8%'7'08°0) 60'T (€60 'L1°0) 290 (¥2'1'€L°0) S6°0 d+3
(eL1°2000 €0 | (9T°Z'€€0) 980 (08T '25°0) 88°0 (eLT'8L0)LTT (0T'T'28°0)SL°0 (69T '66'0) 62T (zoT 2800920 (8v'1'26'0) 02'T auofe-3
(asn-uou/ogaoe|d suoje-3=4a1) asn ] H JuainD
(25 '1T°0) 120 | (982 '2€0) 560 (61T '29°0) 50T (eeT'150) 180 | (SLTI00T)ZET eT'ze0)zrT | «(€9T00T)82T (62T ‘06'0) 80°T (ON=J21) 8sn undsyy
(e8vT'v50) 282 | (69°L'85°0) TT'Z (0S°T'0£°0) 290 (18T '2L0)9T'T (TT'8r0)SL0 | (65T 68°0) 61T (TT'T'€5°0) 220 (vS'1'56°0) 12T (0N=J31) 85N U800 BI9g
wN | (69%'20°0) 650 (¥8°2'29°0) 8T (sv'2'82°0) 8T (T2'1'15°0) ¥6'0 (L02'16'0) TV'T (02£7'690) 80T (08T 20T) 6T (ON=J31) UonE|[qY [eIY
ene (89°CLT 'VSY) BT'SE N LLg9soneae | . (S8'5'85T) v0'E N (86'2 ‘8T°0) £2°0 (06°€ 'S8°0) €8°'T L Ve L0T) 16T (ON=J21) BIWBUY
(8572 '€0°0) 280 | (90'% '50°0) 'O (88 '96°0) 502 L1180 €20 (€zz'190) 22T L(Eee 2o 08T (1r'2'86'0) vS'T (62'7°06'0) L2'T (0N=J21) aseasiq Bun ouoIyD
(8o9'oc0) veT | (eg€'ovo)eeT (60T ‘2€°0) 650 (60T ‘T7°0) 59°0 (zT'T'€5°0) 2L°0 (86'0°265°0) G20 (00T 'v50) ¥L°0 (€6'0'65°0) ¥2°0 €61
(Lr'z'80'0) sv'0 | (092 '62°0) L8'0 (LzT'vro)sLo (TTT'87'0) €L°0 (e0'T'05°0) 2L°0 (20'1'59'0) €8°0 (96'0 'vS'0) 2L'0 (00'T '99°0) 18'0 €'6T>-62'9
(88'€'00) 80T | (eTv'e50) 29T (e€'T'67°0) T8°0 (€T'T'28°0) 2L°0 (¥€'7'89°0) 560 (02T '72°0) ¥6°0 (0z'T'0L0) 26'0 (TT'T'62°0) 16'0 GT'9>-S7'T
OIMIULIIN G2 T>=1) AIARDY [e2IsAUd
61212500252 | (€55'600) 120 |« (162 WO ¥LT (€67'68°0) t1'T | s CGEVODIOVE |, (19€'60T)SLT | ,,,,(982'6STIVIC | ,,, (122 2LT) LTT (1sed/13naU=ya1) BUIOWS JUBLIND
(0861 ‘87°0) 60°€ | (06T ‘vCT) 62F (€12 '95°0) 60T (86'8T '96°2) 0G'L (TT'T'er'0) 69°0 (0sz'28T)0T'C (¥z'1'19°0) 280 (e0e 'v8'T) 9€C Ge=
(99'6‘'2€°0)SL'T | (v¥'e '€20) 060 (6S°T 'T7°0) T8°0 (LL'ST'6v'2) L29 (09'T'6L°0) CT'T (ev'118'0) 80'T (9€'T 'v2'0) 00'T (z21'90T) SE'T GE>-0¢
(596'120)0T'T | (Vv 'ev0) 6ET (e0z'09°0) 0T'T (80'6 '0v'T) LG°€ (Tz'1'29°0) 280 (62'T'8L°0) 00T (Tz'1'89°0) 16'0 (0v'7'88°0) TT'T 0€>-G¢
* oprx . rxrx (Sz>1ng=pa1) INg
uedl Wy uedl Wy
oluedsiH oluedsiH ueol 1y ueol 1y Ueiseone) Ueseane) [eloL 1oL
(12 %S6) YH (12 %S6) "H (12 %S6) dH (12 %S6) "H (12 %S6) °H (12 %g6) ¥H (12 %56) YH 110 %36) ¥H
43.44H 43d4H 43.4H 43d4H 4344H 43d4H 4344H 43d4H Jojoe- iy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2017 October 01.

in

available

Circ Heart Fail. Author manuscript



Page 17

Eaton et al.

"AISN03UBYNLUIS S1030BY S paIsI| |[e 1oy paisnipe pue ‘(6/-0. ‘6909 ‘65-SS '#G—0G) erenis abe pue (Apnis [BUOITRAISSGO JO [eL1) [8d1Ul]9) Juauodwod Apms Aq paiiresns sjapow paezey jeuorodold X0D S|qeIeAR N WOIY PATRWIS3 3J€ |D %G6 Pue ¥H __<N

‘|opoW 3Y3 Ul W3} 3J13US 3Y) JO UoIsnjoul 8y} o3 saljdde aouealiubls [2oNS1RIS U} ‘S|9AS| Z UBY) 810W UIIM S10}0B) YSLi 104

"T000°0 > anjea-d

KKK

‘T00°0 > anfea-d
x

o

‘700> anjea-d
*¥

‘G0'0 > anfen-d
x
:SMOJ|0J Se parealpul aouedlIubis [eansnels
HH 91eWISs 0) $8SBI JO JBqUINU JUBIdILNSUL (/N
06/07T  d9 10 uoneaIpaw ylim pajeasy uoisusadAy :uoisuspadAH

S10Us 40 s|j1d yum pareal snijjaw saiagelp JINd

uonealpaw Buuinbai eulbue 1o 104 ‘9gvDd ‘1IN :AHD

VN

(87'8'68°0) 022

e BV ST TLT

(77’2 '16°0) 67T

(STZ'L60) ¥7'T

KKK

(902 ‘22T) 65T

x

L(€22TT) 19T

ey PETVTT) 95T (oN=J81) J89URD WLIBU]

(256 '97°0) 60°C

(827 '92°0) 08'T

(T7'T 'L¥0) T80

(¥8'T'€8°0) ¥2'T

(e€2'0T'T) 09T

*

KKK

(9g72'ev'T) ¥8'T

(S2'1'56°0) 62T

(86'T‘TI€T) 19T (oN=Ja1) ING wis|

FHEK

oluedsIH
(10 %S6) ¥H
4344H

oluedsIH
(10 %S6) UH
43d4H

uedl Wy
uedl iy
(10 %56) ¥H
4344H

uedl Wy
uedl iy
(10 %56) ¥H
43d4H

ueseane)
(10 %s6) °H
4344H

ueseone)
(10 %G6) UH
43d4H

fe10l
(10 %S56) ¥H
4344H

[e10L
(1D %56) HH

43d4H 101064 Y1y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Circ Heart Fail. Author manuscript; available in PMC 2017 October 01.



	Abstract
	Methods
	Study Population
	Outcomes
	Clinical covariates
	Statistical Methods

	Results
	Risk factors for HFpEF compared to HFrEF
	Differences in HFpEF between African American, Hispanic American and Caucasian women
	Population Attributable Risk% for HFpEF and HFrEF

	Discussion
	Conclusion
	References
	Figure 1
	Table 1
	TABLE 2

