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ABSTRACT

Aims In people with heart failure (HF), a high body
mass index (BMI) has been linked with better outcomes
(‘obesity paradox’), but there is limited evidence in
community populations across long-term follow-up. We
aimed to examine the association between BMI and
long-term survival in patients with HF in a large primary
care cohort.

Methods We included patients with incident HF

aged =45 years from the Clinical Practice Research
Datalink (2000-2017). We used Kaplan-Meier curves,
Cox regression and penalised spline methods to assess
the association of pre-diagnostic BMI, based on WHO
classification, with all-cause mortality.

Results There were 47531 participants with HF
(median age 78.0 years (IQR 70-84), 45.8% female,
79.0% white ethnicity, median BMI 27.1 (IQR 23.9—
31.0)) and 25013 (52.6%) died during follow-up.
Compared with healthy weight, people with overweight
(HR 0.78, 95% CI 0.75 to 0.81, risk difference (RD)
—4.1%), obesity class | (HR 0.76, 95% CI 0.73 to

0.80, RD —4.5%) and class Il (HR 0.76, 95% CI 0.71

t0 0.81, RD —4.5%) were at decreased risk of death,
whereas people with underweight were at increased
risk (HR 1.59, 95% Cl 1.45 to 1.75, RD 11.2%). In those
underweight, this risk was greater among men than
women (p value for interaction=0.02). Class Il obesity
was associated with increased risk of all-cause mortality
compared with overweight (HR 1.23, 95%Cl 1.17 to
1.29).

Conclusion The U-shaped relationship between

BMI and long-term all-cause mortality suggests a
personalised approach to identifying optimal weight
may be needed for patients with HF in primary care.
Underweight people have the poorest prognosis and
should be recognised as high-risk.

INTRODUCTION

Heart failure (HF) affects around 1%-2% of adults
globally.! The mean 5-year survival for people with
HF is around 50%.* Survival rates have shown only
modest improvement since the start of the century,
despite the discovery of several treatments that
confer prognostic benefit.’

The prevalence of obesity has nearly tripled
since 1975, with close to 2billion adults globally
now living with overweight or obesity.* People
with obesity are at increased risk of cardiovascular
disease (CVD) and up to twice as likely to develop
HF compared with people with a healthy body mass
index (BMI).’ ® This association has been confirmed
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Previous research suggests a so-called ‘obesity
paradox’ exists, whereby people with obesity
are more likely to develop heart failure (HF) but
survive longer with it, compared with people
with healthy weight. However, these data are
based on clinical trial or secondary care studies
and may not be generalisable to the wider
population with HF seen in primary care, who
are typically older and frailer.

WHAT THIS STUDY ADDS

= In this large primary care study, people with HF
who were underweight were at the greatest
risk of death, but only where body mass index
(BMI) was recorded within 3years of death or
end of follow-up. In contrast, people with class
I or Il obesity were at lower risk of death than
people with a healthy weight.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Clinicians may need to adopt a tailored
approach to discussions of weight management
in people with HF, recognising that previous
research suggests weight loss in those with
obesity may improve symptoms but that a
lower BMI is associated with worse survival.
Future research could investigate the effect
of intentional weight loss in terms of survival
among people with HF.

using other measures of adiposity, such as waist
circumference and waist-hip ratio.”

Among people with established HF, increasing
BMI has been linked to a reduced risk of all-
cause mortality, the so-called ‘obesity paradox’.®’
However, these data are from clinical trial partici-
pants or studies conducted in secondary or tertiary
centres, meaning the results may not be generalis-
able to the larger population living with HF in the
community.

We are not aware of any studies that have anal-
ysed the prognostic significance of BMI among
people with HF using routine primary care data.
Many patients will first present with symptoms of
HF to primary care clinicians and an awareness of
the impact of BMI on outcome could be important
to guide clinical care. In this analysis, we examine
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the association between BMI and long-term survival in patients
with HF in a large primary care cohort.

METHODS

The present study is a secondary analysis of the data obtained
for ‘SurviveHF’, a retrospective electronic health record (EHR)
linkage community study that compared long-term survival
between people with and without HE.?

Patient and public involvement

Two patients with HF informed the original ‘SurviveHF’ research
question and study design. Their experience was that prognosis
in HF was not often discussed and they had been surprised to
find it was a long-term condition, rather than a terminal diag-
nosis. They wanted ‘doctors to have the facts’ about survival
rates in HF to better inform discussions with patients.

Design and setting

We completed a retrospective cohort study using routinely
collected primary care data from Clinical Practice Research
Datalink (CPRD), between 2000 and 2017. Participating prac-
tices contributed to at least 1year of data and met data quality
measures. The data are linked to secondary care Hospital Episode
Statistics (HES) to help ensure the accuracy of diagnostic codes.
This limited the study to practices in England. Data are also
linked to Office for National Statistics (ONS) mortality data and
the Index of Multiple Deprivation (IMD) socio-economic data.

Study population

We included patients aged =45 years who had an incident diag-
nostic code for HF in their EHR during the study period, were
eligible for data linkage and registered at an eligible practice for
=12 months. We excluded patients with no recorded BMI or
diagnosed with HF prior to 1 January 2000.

Patients entered the cohort at the latest of the following: their
45th birthday, 1 January 2000, patient registration date plus 12
months, practice up-to-standard date plus 12 months. Patients
exited the cohort on the earliest of the following: 31 December
2017, date of death, patient transfer out date, last date of prac-
tice data collection, last date of available linked data.

Case definition

We defined new HF cases as the earliest recorded diagnostic
code in the EHR (the index date). Time to death was measured
from the index date.

Exposure assessment

BMI was categorised according to the WHO classification as
underweight (BMI<18.5kg/m?), healthy weight (18.5-24.9 kg/
m?), overweight (25-29.9 kg/m?) or obesity class I (30-34.9 kg/
m?), II (35-39.9kg/m?) or III (=40kg/m*)."® We used the most
recent BMI reading on or before the index date. Recent data
support a move to more ethnicity-specific BMI cut-offs,'" so
we also categorised BMI into finer data-driven categories using
deciles to assess the shape of the relationship with all-cause
mortality.

Covariates

Patient-level characteristics included age, sex, ethnicity, smoking
status, IMD, systolic and diastolic blood pressure, total choles-
terol, and history of atrial fibrillation, angina, ischaemic heart
disease, myocardial infarction, hypertension, type 2 diabetes
mellitus, stroke, valvular disease and other CVDs.

Outcomes

The primary outcome was all-cause mortality. Secondary
outcomes included cause of death and cardiovascular mortality.
We also assessed effect modification by sex of the association of
BMI with all-cause mortality.

Statistical analysis

We undertook a descriptive analysis of the cohort based on cate-
gories of BMI. We calculated median time and IQR between BMI
measurement and HF diagnosis. Causes of death were tabulated
by BMI categories. Kaplan-Meier survival curves were produced
to compare BMI categories and to estimate 1-year, 5-year,
10-year and 15-year overall survival rates by BMI subgroups as
a univariable analysis in the whole cohort and within age cate-
gories. Cox regression was used to predict age-adjusted survival
rates by BMI category.

For the primary analysis, we ran a Cox proportional hazards
model to estimate HRs and 95% ClIs, as a univariable analysis,
age and sex adjusted and then a multivariable model adjusted for
the covariates listed above. Penalised splines were used to model
BMI as a continuous variable and assess whether the relationship
with all-cause mortality was non-linear. Cox models were strat-
ified by sex to assess variability in the association of BMI with
all-cause mortality, and interaction terms of BMI categories with
sex and ethnicity were added to the primary analysis to test for
effect modification.

Low BMI close to the end of life may identify people
with a poor prognosis because of factors such as sarcopenia,
cachexia or advanced frailty. High BMI in people with HF
may be due to fluid overload and therefore sometimes reflects
more advanced disease. To discard the influence of reverse
causality leading to incorrect conclusions about the direction
of association between BMI and risk of death, a sensitivity
analysis was conducted repeating the primary analysis after
excluding deaths occurring within 1, 2, 3, 4 and § years of
BMI measurement.

We suspected data such as BMI, smoking and cholesterol would
not be missing at random and so chose to use a complete case
analysis, as multiple imputation may lead to biased estimates.'?
We performed multiple imputation with chained equations to
confirm the results of the main analysis were not significantly
different to the complete case analysis.

All analyses were completed in R V.4.2.0 (Vienna, Austria)."* '

RESULTS

There were 47531 included patients with a median age of 78.0
years (IQR 70-84) and BMI 27.1 (IQR 23.9-31.0). The median
time between BMI measurement and HF diagnosis was 1year
(IQR 0.33-3 years). Most participants were overweight (36.3%)
compared with 31.3% having a healthy weight, 30.1% having
obesity (19.0%, 7.2% and 3.9% with obesity classes I, 1T and III,
respectively) and 2.3% underweight.

People with a higher than healthy BMI were more likely to be
younger and current smoker and have type 2 diabetes and hyper-
tension, whereas people with underweight were more likely to
be female, older and have a history of stroke (table 1).

For this analysis, 8428 (15.1%) were removed from the orig-
inal cohort because they did not have a recorded BMI in their
EHR. These people were more likely to be women, older and
to have missing information on ethnicity, smoking status and
medical history (online supplemental table 1).

Jones NR, et al. Heart 2023;109:1542—1549. doi:10.1136/heartjnl-2023-322459

1543


https://dx.doi.org/10.1136/heartjnl-2023-322459

wv
=
=
=)
©
(=5
(=}
>
£
o
=]
S
©
v
=]
[=
(]
[}
S
=]
©
S
-
S
(]
()]
I

Uw_‘_:_wcou
(19'17) L1Lzol (90°171) 797 (89'81) G€9 (2120 8702 (0v'€2) 137017 (08'07) S60€ (QLz1) 981 (%) U 'uonduejul [e1pJedohy
(%) u
(9217)  96LEL (06°12) LIy (65'52) 0/8 (95'62) 7997 (6v'62) §605 (7¥'97) vE6E (8%°07) qCT  'aseasip Meay dlwaeyds|
(z1'19)  Ts06e (8€L) 98¢ (92722) [ 7A 74 (0z'£9) 1509 (78°09) 71501 (85'%S) 44t (¢zov) 10S (%) u ‘uorsuapadAy
(%) u
(r1'97)  swel (67°€S) 7001 (8L1h) [ (16°€€) 950€ (09°'72) (Y47 (£991) 08¥Z @8Lz1) zeL  snypw sayaqelp z adAL
(L1870 1£801 (L681) 95€ (05°22) S9L (zr've) 1022 (80'72) 091y (09°'17) yize (rLat) SLL (%) u "euibuy
(leLy)  086TL (¥0°'52) 0Ly (67°92) 768 (55'92) €6€7 (8%'L2) (1744 (61'82) S6lY (€857 08¢ (%) u ‘uone|juqy ety
jo >._o~m_r_ |es31paN
(60°0) 97 (50°0) l (00°0) 0 (60°0) 8 (80°0) 7l (z10) 8l (81°0) [4 Buissip
(oL'stL) SLLL (8207 06€ (z8'81) 0v9 (¢L91) L0S1L (86°€1) 9874 (92°€l) 870 (r19L) GLL (panudap 1sea))
(z1'17)  8co0l (ev'92) 961 (z8'20) 9L (0z'ze) 1007 (8%°02) 6€SE (60°02) 0662 (LL°1D) 9€T 12
(lw'1e)  LL1ol (9€°17) Loy (Y444) SSL (117 LS61 (s5°12) €ULE (16°07) LLLE (zT'12) 0€2 3
(¥8'77)  vS80L (0£'81) 1G€ (95°07) 669 (98°'17) 0461 (sv'€n) 404 (L9°€0) 14413 (66'€2) 097 14
(St'61) 7776 (8971 86T (65°S1) 0€S (¢rL1) 051 (S7°07) rESE (7¥°'12) 16LE (0£91) 181 (panudap 3sow) |
(%) u
_:E *o xwt:_
(oL) [443 (e€'1) 74 @8L1) oy (80°1) L6 (vo'1) 6Ll (zrn) 991 (8€°1) buissiy
(£8°LY) 1SLTT (S1°19) 096 (60°2S) LLLL (99'29) 1744 (8¢€'6Y) 1€98 (65°2v) LEE9 (St°L€) aLn)
(v6°71) 7519 (S6°71) 1374 (1) 86€ (0°LL) 866 (S9°L1) €107 (S0°S1) orze (66'€7) Jawio4
(60'8)  90L8L (85%€) 679 (€0's€) 1611 (61°5€) e (€6°L€) 7559 Ty L€19 (81°L€) 1aneN
Aﬁav u ‘snyeis m:_v_oEm
(ov°S) 8957 (£5°€) 19 (90°¢) 0l (95°v) Ly (¢z'9) 206 (929) 9001 (0z'1) 8L Buissiy
(6L7T1) 8109 (z6'71) 08¢ (LrylL) 061 (6T71) 8871 (Ly'Tn) (¥4 (89°L1) 8Ll (zL1y) Lzl paxIN
¥8'0) 8vEl (86'7) 9 vze) oLl (87°€) 96 (€87 68V (952 18€ (87°1) 9l 3}ym-uoN
(L6'8L)  LE€SLE (€5°8£) {784} (67°6L) 9697 (£8°L1) 810L (87°6L) LELEL (00°62) GSLLL (19'6L) €98 3UYM
(%) ufadiupg
(L¥'1) 669 (00°0) 0 (8€°0) €l (#9°0) 85 (z) 60 (19°7) 88¢ (987 X3 +6
(szee)  visol (¥6°€) L (95°8) 167 (eLp1) 743 (or'z0) 0/8€ (so°Le) 079% (£0°9¢) 16€ 76-58
(z1'6E) 9658l (6v°€0) N47 (L1°€€) 8€ELL (vL'8€) 6ve (ev'LY) LSLL (00°0%) 7565 (8€'8€) 9ly ¥8-GL
(rS€r)  68L1LL (r8'7€) 759 (05°€€) 6€LL (06'82) 5092 (91'€0) 200% (€9°21) 797 (zzst) S9l ¥/-59
(zLot) 6081 (5922 615 (16°L1) 609 (5971 ovLL (99'8) L6V1 (65°9) 086 (06°S) 9 7965
(05°€) 7991 (001 681 (819) 0Lz (€€p) 06€ (%) ws (210 9lE (Ls°1) Ll 75-S
(%) u ‘Aioba1ed aby
(¥8-0£) 8L (5£-09) 89 (6£-59) €L (z8-89) 9L (78-14) 8L (98-1£) 18 (£8-S1) 43 (401) uetpaw ‘(s1eak) aby
(18'sy)  9LLLT (rz'65) 1410 (9£°09) 9zLL (LS€p) LT6€ (L€'6€) 1619 (£0°05) LSpL (¥6°0L) 69. UBLLIOA
(6L'vS)  SSLSC (92°0%) S9/ (vT6v) vL91l (€v'99) 9805 (69°09) 987701 (€6'6%) 6ZvL (90'62) SlE usy
@ov u cwt:wo
(ool) LES LY (ool) 1181 (oo1) 00ve (ool) €106 (ooL) LLTLL (ool) 08871 (ool) 7801 [esoL
Hoyod ||y (w63 09=) (;w/63 0v-S€) (;w/6% S-0€) (;w/6> 0€-52) (;w/6> 52-581) (Wb 5°g1L>) a]qeueA
111 ssep Ausaqo 11 ssep Ausaqo | ssep Aisaqo 1ybramiang 1yb1am Ayyjesy 1ybramiapun

faobares [Ng Aq paiyiiens ainjiey uesy yum ajdoad Jo sansusideleyd aulpseg | d|qe)

10.1136/heartjnl-2023-322459

1542-1549. doi:

109:

i

Jones NR, et al. Heart 2023

1544



Heart failure and cardiomyopathies

—~|_
=
S =
-~ |~ 7= = 5
=) m = 7T — |3 — | )
o SHICHE RN n o ™M
o DY e e n o
b=
2
S | © @ =)
o | L N o 8 :"
— o0 M~ ~ N
=~ <~ o~ — — =]
< | — B MmN ~N O~ ~ < —
)
@n)
= g =
~ I 2 o 5
S ~|=|2 T — |8 — ©
52} = |© = | o % o | ~
= o N = | @ 2 (|03 =)
- o ~N & S = o~ (=) —
- ) ISNISTYNTS e = (=) o) =
w
&<
S|E
Z2
@S —
2l = o ™ |0 < o~
Al | M o M m o o
| m - N < - m o0 m < ~N
=
=
% =
S
. T a & [l P
9 —~ = T —~ |9 — | =
© ~ @ o L n % N ~
~ S (N8 |~ = o = &g —
=] o SN M = S = S ™ =
|| & 212 = e e =
w
E%
v
=
=)
FID 5
oo |2 o )
2|0 Mm ® © F =] L 153}
o~ m — M — n n < ™
=
o
—~ - @™nr 5 [l
N © =~ | 7 = &5 — |3 N
© M S o 4 = % = 1 ~N
< = YN o |~ = o glicO! ©
=~ = o mMm — o~ o m —
w | SSNICOR GO e = (=) o) =
w
2| E
o | D
>| =
AF:
20| o < > o~
o | — S o 9 o @ ©
21 A~ S In = m ~ o ~ |1 <
O |~ - in M «— M~ < —
—
m
5
0 | =
S
- = |T= = s
= === 7 - 2 — | ~
< QN = 0 @ )
© - = Y N =} SRl S
) = 0 N — o~ o m )
| & Z | d = e e o
<
-
2| E
o2
gls
ST m o« m
Ll g = O~ R ~
~N | o <~ m ~ oo ~ - O
a - —
o < ~ ~ ~ o~ ~ < o0
>
&)
- =
o] —_
—~ = [7Z ~ n|
— N =~ 7 = — | ™
P ® QN o o T o | =
—~| © = 3 =& M= 03 ||c2 ~
= | | s =SS g = e @ Q!
> E
o D
S| =
N
2|9
E || o D N o N
Sl | < n o R o © 0
V|l = ~N < N m m © m o
T || M - - N - © ~ © < 53
53
S © =
o
— — = 3 =S [ —
~ o —~ | —~ @ — 1 -
n SN o b T g g =
= | o N Mo N © ~ Q=3 <
S|l gl = |9 = = (=K o m %)
g\v —_— S ~— ~— ~ = = ~ ~
o D
S| =
5|9 <
o
T | - - = N~ . )
S| v|® m o~ m < 3 ~
=5 | XL - = - - ~ o~ ~ < m
£
— E £ 3
° == |E > =
5 N xR |o|= o =
=] & == 2 S 2 P
c = c|les |3 @ £ D
= o ] @ = b=}
= Il Q=P = o - = =
c S - 83| Le S = =
S SR T ¢ g 29 -2 = a
(W] 5 = s |2 - = o= T ©
h:;‘c{:\-gc S c T (23 1=
So S 5 E228 o0a8.f olO o >
° 2lzg s pc8 28525538
= o E=R e = £
@ 2| 2o S5 =22 858 1S5 aa
= B|lSv S &5 = T 2 2 2 e 2 @
= T|O0OT A S = g3=8==28T =
] ) = 2 S =] =
= = 5]
ol > @ (T a x = £ )

Risk of all-cause mortality

There were 25013 deaths during a mean 3.3 years of follow-up.
The 1-year, 5-year, 10-year and 15-year overall survival rates
appeared to improve from lower to higher BMI groups (table 2).
For example, the 10-year survival rate among people with under-
weight was 10.3% (95% CI 7.8% to 13.8%) compared with
19.1% (95% CI 18.1% to 20.1%) with healthy weight and 31.2%
(95% CI 29.7% to 32.8%) with class I obesity. This pattern was
also seen after stratifying and adjusting by age (online supple-
mental tables 2 and 3). Figure 1 shows the lower probability
of overall survival over time among people with underweight,
healthy weight or overweight compared with those with obesity.

After adjusting for potential confounders, compared with
people with healthy weight, people with underweight were at
increased risk of all-cause mortality (HR 1.59, 95%CI 1.45 to
1.75, risk difference (RD) 11.2%). People with overweight (HR
0.78, 95%CI 0.75 to 0.81, RD —4.1%), obesity class I (HR
0.76,95%CI 0.73 to 0.80, RD —4.5%) and obesity class IT (HR
0.76, 95%CI 0.71 to 0.81, RD —4.5%) were at decreased risk
of all-cause mortality (table 3, online supplemental table 4).
People with obesity class III were not at increased risk of all-
cause mortality compared with those with healthy weight, but
were at greater risk than those with overweight or obesity class
I or II. The HR for death comparing people with obesity class
II to overweight was 1.23 (95% CI 1.17 to 1.29). The increased
risk of all-cause mortality with underweight was greater among
men than women (p value for interaction=0.02) (online supple-
mental table 5). There was no evidence of effect modification by
sex for the higher BMI categories.

Testing for an interaction between ethnicity and BMI found
no significant difference from our main findings (online supple-
mental table 6). The results of the complete case analysis and
multiple imputation were broadly similar (online supplemental
table 7). We confirmed that the proportional hazards assumption
was met using Schoenfield’s residual plots.

The analysis using penalised splines showed a U-shaped rela-
tionship whereby those with overweight and obesity class I
were at lowest risk of all-cause mortality (figure 2). The analysis
using deciles of equally spaced BMI categories also showed no
evidence of a linear inverse association between BMI and all-
cause mortality (figure 3).

The increased risk of all-cause mortality among people with
underweight was sensitive to the time between BMI assessment
and death (online supplemental table 8). The association was
no longer there in people who had their BMI measurement
recorded more than 3 years apart from their death or end of
follow-up. The same principle applied to the decreased risks of
all-cause mortality seen among those with obesity classes I and
II. In contrast, the lower risk of death seen among people with
HF who were overweight was robust to the exclusions of those
with their BMI assessment within 5 years of their time of death
or censoring.

Cause-specific mortality

Among people who were underweight, a relatively lower
proportion died from CVD or cancer and a higher proportion
died from respiratory diseases compared with other weight cate-
gories (online supplemental table 9). However, fewer people
with overweight or obesity died directly from HF or had HF
listed as a contributory cause of death compared with people
with underweight or obesity class III, meaning the higher CVD
mortality in these two groups was due to cardiovascular condi-
tions other than HF.
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Table 2 Survival rates at 1, 5, 10 and 15 years after a diagnosis of HF stratified by BMI category

Subgroup

Survival rate (% (95% Cl))

1year

5 years

10 years

15 years

Overall*

By BMI category:

Underweight (<18.5kg/m?)

Healthy weight (18.5-25 kg/m?)

Overweight (25-30 kg/m?)
Obesity class I (30-35 kg/m?)
Obesity class Il (35-40kg/m?)
Obesity class Il (=40 kg/mz)

77.45 (77.07 to 77.84)

55.85 (52.89 to 58.98)
70.80 (70.06 to 71.55)
79.52 (78.90 to 80.13)
82.60 (81.80 to 83.40)
84.66 (83.43 to 85.91)
85.83 (84.23 to 87.46)

47.42 (46.90 to 47.95)

25.83 (25.22 to 26.45)

13.57 (12.70 to 14.50)

*Among people with HF and a measurement of BMI.
BMI, body mass index; HF, heart failure.

After adjusting for potential confounders, people who
were underweight were at increased risk of dying from CVD
compared with people with healthy weight (HR 1.51, 95% CI
1.32 to 1.73) (online supplemental table 10). People with over-
weight (HR 0.79, 95% CI 0.75 to 0.83), obesity class I (HR
0.77, 95%CI 0.72 to 0.81) and obesity class II (HR 0.78,
95%CI 0.71 to 0.85) were at decreased risk of dying from
CVD.

=t Underweight
== Healthy weight =+ Obesity class |
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o 501
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=
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== Overweight

23.14 (20.28 to 26.40) 10.33 (7.75 to 13.77) 8.98 (6.34 t0 12.71)

38.39 (37.48 t0 39.32) 19.07 (18.13 t0 20.07) 9.20 (7.96 to 10.64)

49.35 (48.48 to 50.23) 26.95 (25.94 to 27.99) 13.58 (12.09 to 15.26)

54.75 (53.55 to 55.98) 31.22 (29.73 to 32.78) 18.09 (16.15 to 20.27)

59.87 (57.96 to 61.86) 35.56 (33.02 to 38.29) 20.31 (16.53 to 24.96)

58.19 (55.51 t0 61.01) 36.84 (33.34 to 40.71) 20.99 (15.93 to 27.66)
DISCUSSION

In this large primary care cohort of people with HF, those with
underweight were at the highest risk of all-cause and cardiovas-
cular mortality. People with overweight, class I or II obesity were
at a decreased relative risk of death and HF-related mortality.
Our results show that the obesity paradox endures over longer-
term follow-up and among patients with HF in community
settings.

== Obesity class Il

Obesity class Il

10 15

Follow-up time (years)

Number at risk (number censored)

Underweight{ 1084 (0) 121 (259) 20 (310) 2 (326)
Healthy weight+ 14880 (0) 3016 (4215) 646 (5465) 45 (5877)
Overweight{17277 (0) 4557 (5544) 1038 (7579) 62 (8281)
Obesity class 11 9013 (0) 2555 (3183) 577 (4393) 46 (4773)
Obesity class I1{ 3400 (0) 1001 (1316) 217 (1818) 14 (1972)
1877 (0) 502 (783) 113 (1046) 9 (1124)

0 5 10 15

Follow-up time (years)

Figure 1  Survival over time for people with heart failure, according to their body mass index. The Kaplan-Meier curve shows that the probability of
survival is lowest among people with heart failure who are underweight, then people with healthy weight compared with people with overweight or

obesity.
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Table 3 HRs and 95% Cls for the association of BMI categories with all-cause mortality among people with heart failure

BMI category N n Crude model Age and sex adjusted N* n* Multivariable modelt
Underweight (<18.5 kg/mz) 1084 756 1.59 (1.48 t0 1.71) 1.52 (1.41 to 1.64) 681 446 1.59 (1.45 to 1.75)
Healthy weight (18.5-25 kg/mz) 14880 8959 1.00 (Reference) 1.00 (Reference) 10223 5579 1.00 (Reference)
Overweight (25-30 kg/mz) 17277 8939 0.74 (0.72 t0 0.76) 0.81 (0.79 t0 0.84) 13071 6054 0.78 (0.75 t0 0.81)
Obesity class I (30-35kg/m?) 9013 4197 0.64 (0.62 to 0.66) 0.79 (0.76 t0 0.82) 7235 3045 0.76 (0.73 t0 0.80)
Obesity class Il (35-40 kg/mz) 3400 1417 0.56 (0.53 to 0.59) 0.78 (0.74 10 0.82) 2904 1123 0.76 (0.71 t0 0.81)
Obesity class IIl (=40 kg/m?) 1877 745 0.56 (0.52 to 0.60) 0.95 (0.88 t0 1.02) 1614 594 0.96 (0.88 to 1.05)

*The numbers at risk and dying are smaller in the multivariable model due to missing data.

tAdjusted for sex, age, smoking status, index of multiple deprivation, ethnicity, systolic and diastolic blood pressure, total cholesterol, and history of atrial fibrillation, angina,
type 2 diabetes mellitus, hypertension, ischaemic heart disease, myocardial infarction, stroke, valvular heart disease and other cardiovascular diseases.
BMI, body mass index; N, number at risk of dying within the relevant BMI category; n, number dying from all-causes for the BMI category.

Comparison with existing literature
Previous systematic reviews consistently report that people
with HF and obesity or overweight were at decreased risk of
all-cause and cardiovascular mortality compared with healthy
weight.® ¥ 1 However, these studies rely on data from secondary
care or trial participants, typically with relatively short-term
follow-up and younger participants (mean age 54-72 years) than
our real-world primary care study (76.6 years)."®'” We found
that a similar association is seen over extended follow-up among
older people with chronic HF. The previous reviews have found
only limited data with regard to cardiovascular mortality in
people with underweight.®

Our age-specific results showed that survival rates were lower
for people who were underweight, irrespective of age (online
supplemental table 3). In contrast, an individual patient data
analysis including 6000 patients with chronic HF reported that
the increased risk of all-cause mortality among people with
underweight or healthy BMI was only seen in patients aged =75
years with at least one co-morbidity.’® The authors concluded
that lower BMI may be a marker of advanced HF or cardiac
cachexia and a poor prognostic indicator in older people only.'®
This study relied on patients in clinical trials with a younger
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Figure 2 Relationship between BMI and all-cause mortality among
people with heart failure. The modelled penalised spline regression
demonstrates a U-shaped relationship between BMI and risk of all-
cause mortality among people with heart failure. Dotted lines denote
the 95% Cls. BMI, body mass index.

mean age (65 years (SD 12)) than is typical in HF. In contrast,
our cohort was older and the inverse relationship seen between
weight status and survival is likely to be generalisable to the
majority of patients with HF.

Strengths and limitations

To our knowledge, this is the first study conducted in primary
care to report long-term survival rates among people with HF in
relation to their BMI. Our analysis draws on a large cohort of
patients and is likely to be broadly representative of people with
HF living in high-income countries.

We chose to use the most recent BMI prior to HF diagnosis
because this provided a time point that was comparable for all
patients in their disease course. However, height and weight
are inconsistently recorded in primary care with a clustering
of weight recordings expected in women, younger and older
adults, those with low or high BMI and in people with rele-
vant comorbid health conditions."” Missing data may not have
been missing at random and people with healthy weight may be
under-represented.

BMI has been criticised as a poor measure of weight status as
it does not differentiate between adipose tissue, lean muscle mass
or weight gain due to oedema, which may be of particular impor-
tance in a population with HF. A recent UK Biobank study found
that low BMI (<18.5kg/m*) was associated with an increased
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Figure 3  Association of BMI categories by deciles with all-cause
mortality. HR and 95% CI for the association between deciles of BMI
category and all-cause mortality among people with heart failure.
People with overweight or class | obesity are at lowest risk, while
people in the lowest weight decile have the highest risk of death. BMI,
body mass index.
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risk of incident CVD compared with a log-linear association
for other measures of adiposity, such as waist circumference or
percentage body fat mass.”’ The authors suggest that this may be
because the association between health status and BMI is more
prone to confounding or reverse causality.”’ Nonetheless, BMI
is widely seen as a reliable marker of percentage body fat across
populations and alternative measures, such as waist circumfer-
ence, are rarely coded in primary care.*' We tested for the exis-
tence of reverse causality by repeating the primary analysis after
excluding deaths occurring close to the time of BMI measure-
ment. Underweight was only associated with an increased risk
of death if the most recent BMI measurement was made within
2 years of death, suggesting that cachexia at the end of life is
important rather than underweight in earlier life. However,
there were only small numbers of participants in these subgroups
and it is difficult to draw definite conclusions. In contrast, the
reduced risk of death in people with overweight or obesity class
I was robust to the time between weight measurement and death.

Data were only available on the most recent BMI measure
and so we were not able to analyse changes in BMI, nor the
duration of overweight or obesity, even though these factors may
impact on the risk of mortality. Misclassification by BMI is also
possible in participants whose weight changed significantly over
time. Residual confounding related to factors not well coded in
the EHR cannot be excluded, such as cardiorespiratory fitness
levels.*? Results are not adjusted for treatment effect or aetiology
of HF, though the prognostic significance of these factors are not
known to be altered by weight status.”®

The recording of HF in primary care rarely categorises the left
ventricular ejection fraction, and it was therefore not possible
to explore the relevance of this in relation to survival. This may
be important as increasing BMI is associated with a greater risk
of developing heart failure with preserved ejection fraction
(HFpEF) as opposed to heart failure with reduced ejection frac-
tion (HFrEF),” though an association between reduced mortality
and increased body weight has been reported among popula-
tions with both HFrEF** and HFpEFE.>

Implications for practice and future research

The mechanism of the obesity paradox remains unclear. It has
been postulated that people with obesity may benefit from
greater metabolic reserves or an attenuated response of the
renin-angiotensin-aldosterone system.® People with obesity typi-
cally have higher arterial blood pressure, which might mean
higher doses of medications are tolerated that confer a prog-
nostic benefit in HE.*

Clinicians may need to adopt a tailored approach to discussing
weight management in HE, accounting for baseline BMI. Previous
research suggests that the obesity paradox only exists among
people with poor cardiorespiratory fitness,® % and small amounts
of weight loss and improvements in fitness levels may improve
outcomes in HE.?” Weight management programmes for people
with HFpEF and obesity have been shown to improve exercise
capacity and overall quality of life.”® Furthermore, increasing
BMI is independently associated with risk of HF hospitalisation
among people with HFpEE.* There remains a need for further
research into the role of intentional weight loss in people with
HF to determine the impact this may have on symptoms and
quality of life as well as survival.”’”

Clinicians should recognise that cachexia and low BMI, partic-
ularly in the context of clinical frailty, are likely to be markers
of poor prognosis in people with HE. Prevalence of frailty is far
higher among people with HF compared with the age-matched

population, and the presence of frailty and HF are associated
with an 80% higher risk of all-cause mortality.’® A multidisci-
plinary approach including physical rehabilitation and support
for diet and nutrition may be helpful for this cohort of patients.

CONCLUSIONS

In this large, long-term primary care cohort study, we observed
a U-shaped relationship between BMI and HF mortality. People
with overweight and class I or II obesity were at the lowest risk,
supporting previous findings of an ‘obesity paradox’ for HF
survival in relation to body weight. In contrast, the relatively
small number of people with underweight were at the greatest
risk of death and should be identified as such by clinicians.
Further research is needed to inform recommendations around
the possible benefits of intentional weight loss for patients with

HF.
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