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Abstract

Aims Little is known about the association of temporal changes in inflammatory biomarkers and the risk of death and
cardiovascular diseases. We aimed to evaluate the association between temporal changes in C-reactive protein (CRP),
fibrinogen, and interleukin-6 (IL-6) and risk of heart failure (HF), cardiovascular disease (CVD), and all-cause mortality in
individuals without a history of prior CVD.
Methods and results Participants from the Multi-Ethnic Study of Atherosclerosis (MESA) cohort with repeated measures of
inflammatory biomarkers and no CVD event prior to the second measure were included. Quantitative measures, annual
change, and biomarker change categories were used as main predictors in Cox proportional hazard models stratified based
on sex and statin use. A total of 2258 subjects (50.6% female, mean age of 62 years) were studied over an average of 8.1 years
of follow-up. The median annual decrease in CRP levels was 0.08 mg/L. Fibrinogen and IL-6 levels increased by a median of
30 mg/dL and 0.24 pg/mL annually. Temporal changes in CRP were positively associated with HF risk among females (HR:
1.18 per each standard deviation increase, P < 0.001) and other CVD in both female (HR: 1.12, P = 0.004) and male
participants (HR: 1.24, P = 0.003). The association of CRP change with HF and other CVD was consistently observed in
statin users (HR: 1.23 per SD increase, P = 0.001 for HF and HR: 1.19 per SD increase, P < 0.001 for other CVD). There
were no significant associations between temporal changes of fibrinogen or IL-6 with HF or other CVD. Men with sustained
high values of IL-6 had a 2.3-fold higher risk of all-cause mortality (P < 0.001) compared with those with sustained low values.
Conclusions Temporal change in CRP is associated with HF only in women and statin users, and other CVD in both women
and men, and statin users. Annual changes in fibrinogen and IL-6 were not predictive of cardiovascular outcomes in either sex.
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Introduction

Inflammation is a well-established mainstay of atherosclerosis
and has ongoing interaction with the entire process of athero-
genesis and even atherosclerosis complications. Therefore,
the difference between short-term and long-term effects of
inflammatory markers on cardiovascular events has been an
area of interest in cardiovascular care and is still a matter of
debate.1

The addition of CRP and fibrinogen to predictive models
based on traditional risk factors has improved CVD risk
prediction.2 In that respect, according to the Emerging Risk
Factors Collaboration, the addition of CRP and fibrinogen to
models with conventional risk factors resulted in a 1.52%
and 0.83% net reclassification improvement for 10-year risk
of cardiovascular events.2 The predictive power of CRP for
HF events has been consistent in diverse patient popula-
tions using models with different cutoffs.3 Studies on the
MESA population reveal independent positive associations
of CRP and IL-6 with the risk of HF.4 Prospective
follow-up studies spanning more than 10 years in MESA
demonstrated that among statin users, CRP predicts CVD
modestly but is strongly associated with incident HF and
all-cause mortality.5 Also, in non-statin users, CRP levels
did not improve the prediction of HF or other CVD events.6

IL-6 had independent prognostic value for HF, other CVD,
and all-cause mortality, particularly among baseline statin
users.7 Therefore, significant controversy remains on the
utility of inflammatory biomarkers for CVD event prediction
based on statin use and sex.8

While the value of measuring inflammatory markers as
risk predictors is widely accepted, such measures are com-
monly performed as single evaluations, particularly for
primary prevention purposes. Prior studies involving serial
biomarker determinations demonstrated an increased risk
of CVD among patients with acute coronary syndrome
and increasing CRP over 16 weeks.9 Similarly, patients
with a history of MI had increased CV mortality associated
with increased CRP levels, longitudinally,10 and patients
with various clinical conditions and increased CRP levels
had a 6.7-fold hazard of death than those with sustained
normal CRP during a 1-year interval.11 There is, therefore,
an essential gap in the literature on the potential role of
serial changes in biomarker levels for the prediction of HF
and other CVD events, particularly among CVD-free
individuals.

This study aims to fill such a knowledge gap by
investigating the association of longitudinal changes in
inflammatory biomarkers and the risk for incident HF and
other CVD, and all-cause mortality, in a population without
baseline CVD.

Method

Study population

This observational study was a nested study within the MESA
cohort. The details of the MESA study design have been pub-
lished previously.12 Briefly, the baseline MESA cohort
consisted of 3601 female and 3213 male participants aged
45 to 84 years, with four race/ethnic categories: non-Hispanic
White, Chinese American, African American, and Hispanic.12

Upon recruitment, subjects were free of known cardiovascu-
lar diseases. Institutional review boards at each of the six
field centres in the USA approved the study protocol, and
all participants gave written informed consent.

Biomarker measurements

Although serum levels of inflammatory markers were mea-
sured in blood samples of almost all participants at baseline
exam, CRP and fibrinogen measurements were repeated for
2219 and 2260 participants in the second (2002–2004), third
(2004–2005), or fourth exams (2005–2007). IL-6 concentration
was re-assessed in 1892 subjects in the third exam. All three
biomarkers were measured at the Laboratory for Clinical Bio-
chemistry Research (University of Vermont, Burlington, VT).
The laboratory details on biomarker measurements and defi-
nition and diagnostic criteria of covariates are described in
supporting information. Intra-assay and inter-assay analytical
coefficient of variation (CV) for CRP measurements ranged
from 2.3–4.4% and 2.1–5.7%, respectively. Intra-assay and
inter-assay analytical CVs for fibrinogen were 2.7% and 2.6%,
respectively, and the laboratory analytical CV for IL-6 assay
was 6.3%. Participants with a history of fever within the last
twoweeks of the baseline or second examwere excluded from
the analysis to prevent the potential confounding effect of ac-
tive or recent inflammation.

Outcome endpoints

Cardiovascular disease events included coronary heart dis-
ease (including myocardial infarction, definite angina, proba-
ble angina followed by revascularization), stroke, resuscitated
cardiac arrest, and cardiovascular death. In this cohort, inci-
dent HF was defined as either a definite or a probable diagno-
sis in symptomatic patients. Definite HF indicated having
evidence of either chest X-ray-derived pulmonary conges-
tion/oedema, imaging-based LV dilatation or dysfunction, or
diastolic dysfunction. Probable diagnosis referred to
physician-made diagnosis or documented use of HF-specific
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medication. The average follow-up time for the included
participants was 14.6 years from baseline.

Statistical analysis

To measure longitudinal changes in inflammatory bio-
markers, we categorized participants based on the level of
biomarkers into four categories: ‘Sustained Low’, ‘Decreased’,
‘Increased’, and ‘Sustained High’. For CRP, the increased and
decreased groups were defined based on the cut-off level of
3 mg/L. For fibrinogen and IL-6 levels, the median value was
selected as the threshold for categorization.

For survival analysis, subjects with recorded events within
the time interval between baseline and the second measure
were excluded. The time origin (T0) of the time-to-event anal-
ysis was the date of the repeated biomarker test for each in-
dividual. Missing values in covariates used for adjustment
were imputed with logistic regression or mean estimation
methods on a variable-based approach. The change in bio-
marker values was divided by the interval and expressed as
the annual change of the biomarker to address the discrep-
ancy in time intervals between the two measures.

Cox proportional hazard models were used to investigate
the time-to-event association of each marker with different
events. We developed three models to evaluate each pair of
biomarker-event associations, including (i) categories of bio-
marker change, (ii) second biomarker quantitative value only,
and (iii) annual change in biomarker levels with baseline value
adjustment. Regarding the possible significant confounding ef-
fect of sex and statin use, stratified analyses were performed
for each of the two covariates. Based on potential covariates
derived from the literature, multivariable Cox-PHmodels were
adjusted for age, race, BMI, SBP, anti-hypertensive medica-
tion, statin use, smoking status, physical activity, diabetes,
HDL, LDL, and estimated GFR values at baseline. For models
with a primary quantitative variable, hazard ratios (HR) were
reported for each standard deviation (SD) increase.

To evaluate the risk assessment models’ overall perfor-
mance, calculated Harrell’s concordance indices were utilized
for comparisons. Given the two types of variation (categorized
and quantitative) for each biomarker and evaluation for three
events, significance for hypothesis testing was set at the
0.0083 (0.05/6) level using Bonferroni correction. All analyses
were performed using R programming software (v. 3.6.1).

Results

Population characteristics

A total of 1080 women (median age of 62 years) and 1023
men (median age of 61 years) with a repeated CRP mea-
sure were studied (Table 1). Median (IQR) CRP at baseline

and follow-up was 2.6 (4.6) and 1.9 (3.5) mg/L in women
and 1.4 (2.4) and 1.2 (1.7) mg/L in men, respectively. At
baseline, 14.4% of individuals were taking statins (169
women and 134 men). Detailed population characteristics
based on CRP level categories are available in Supporting
Information, Table S1. There were 388 deaths (42.8%
women), 104 HF (42.3% women), and 298 other CVD
events (37.2% female) within a mean follow-up period of
8.1 years after the second measure.

For fibrinogen level, a total of 1092 female (median age of
62 years) and 1051 male (median age of 61 years) partici-
pants were included (Table 1). The prevalence of baseline
statin users was 14.5% (170 women and 141 men). Median
baseline and second fibrinogen levels were 351 (94) and
434 (110.2) mg/dL in women and 322 (81) and 400 (98.5) in
men, respectively. Supporting Information, Table S2 provides
a more detailed description of this population. In total, 393
subjects died (42.7% female), 105 had HF (41.9% female),
and 302 had other CVD events (37.1% women) after the
second measure of fibrinogen.

Individuals with repeated IL-6 measures consisted of 900
female (median age of 63 years) and 899 male participants
(median age of 61 years), with 15.4% using statin (152
women and 124 men) at the baseline. All subjects had normal
values of IL-6 at baseline with a median baseline and
repeated IL-6 of 1.2 and 1.9 pg/mL in women and 1.1 and
1.8 pg/mL in men, respectively. Within the follow-up period,
346 deaths (42.2% female), 95 incident HF events (40%
female), and 267 other CVD events (37% female) occurred
in this population. Detailed characteristics of subjects with
two recorded IL-6 measures are shown in the Supporting In-
formation, Table S3.

Inflammatory biomarkers and incident heart
failure

In women, both higher CRP values at the follow-up exam (HR:
1.19 per each SD increase, P < 0.001) and annual change in
CRP were associated with a higher risk of incident HF (HR:
1.18 per SD increase, P < 0.001); whereby in men, neither
the recent CRP nor the change in CRP values was associated
with the risk of incident HF (Table 2 and Supporting Informa-
tion, Table S4). A descriptive illustration of the percentage of
HF in follow-up in different groups of CRP change is provided
in Figure 1A. There were no significant differences in HF haz-
ard among different categories of CRP change for women in
multivariable analysis. (Figure 2A) When stratified based on
baseline statin use, both the second CRP measure and
changes in CRP were associated with higher HF risk in statin
users (HR: 1.32 per SD increase, P < 0.001 and HR: 1.23 per
SD increase, P = 0.001) but not in individuals with no history
of statin use at baseline (Supporting Information, Table S5).
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Models with annual changes in CRP had similar power for HF
risk prediction (C-index for women: 0.825) compared with
models without CRP values (C-index for women: 0.818)
(Table 5). However, among statin users, models with the an-
nual change in CRP had higher predictive strength (C-index:
0.821) than models without CRP (C-index: 0.781) (Supporting
Information, Table S8).

After adjustment for covariates, no significant associa-
tions were observed between either single-measure,
temporal change, or median-based categories of fibrinogen
or IL-6 change and the risk of HF in either sex (Table 2 and
Supporting Information, Table S4). Also, changes in
fibrinogen and IL-6 were associated with HF in neither
statin users nor non-statin users (Supporting Information,
Table S5).

To sum up, among inflammatory biomarkers, temporal
change in CRP was associated with a higher risk of HF in
the female population, and statin users with greater change
in CRP had a higher likelihood of developing HF.

Inflammatory biomarkers and other
cardiovascular disease events

In addition to single CRP measure (second measure), the an-
nual change in CRP was associated with the risk of other
CVD in both female (HR: 1.12 per SD increase, P = 0.004)
and male (HR: 1.24 per SD increase, P = 0.003) MESA partici-
pants (Table 3). A descriptive illustration of the percentage
of other CVD in follow-up in different groups of CRP change
is provided in Figure 1B. When CRP levels were categorized
based on the clinically used cut point for normality, there
was no difference in the risk of other CVD between different
groups in either sex (Figure 2B). In contrast to non-statin
users, statin users had a higher risk of other CVD with greater
change in CRP values (HR: 1.19 per SD increase, P < 0.001)
(Supporting Information, Table S6).

Like HF, neither single measure nor change in fibrinogen
was associated with other CVD in either sex (Table 3 and
Supporting Information, Table S4). The change in fibrinogen

Figure 1 The percentage of participants with events among different categories of CRP change. (A) The percentage of participants with HF in follow-up
in different groups of change in CRP. (B) The percentage of participants with other CVD in follow-up in different groups of change in CRP. The graphs on
the left are further stratified by sex and the graphs on the right are further stratified by statin use. CRP, C-reactive protein; HF, heart failure; CVD,
cardiovascular disease.
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was not associated with other CVD in statin-use strata
(Supporting Information, Table S6).

The interleukin-6 level at the follow-up exam was associ-
ated with other CVD (HR: 1.22 per SD increase, P = 0.004)
in male participants (Supporting Information, Table S4); how-
ever, temporal change in IL-6 was not associated with the risk
of other CVD in either sex or strata of statin use (Table 3 and
Supporting Information, Table S6).

To summarize, among the three inflammatory biomarkers,
temporal change in CRP was associated with a higher risk of
other CVD in female and male participants, and statin users
with greater change in CRP values had a higher risk of HF
development.

Inflammatory biomarkers and all-cause mortality

There were no significant associations between repeated
measures of CRP or fibrinogen and the risk of all-cause
mortality in either sex (Table 4). Similarly, the hazard of death
was not different between categories of CRP or fibrinogen
change. Even after stratification for statin use, no associations
were detected (Supporting Information, Table S7).

Conversely, IL-6 level at follow-up exam was associated
with all-cause mortality (HR: 1.44 per SD increase,
P < 0.001) in male but not female MESA participants. Men
with repeated measures of IL-6 that were greater than
median levels had a 2.33-fold risk of death (P < 0.001),

Figure 2 Survival curves for time-to-event study. (A) The survival probability in different groups of change in CRP in women and risk of HF. (B) The
survival probability of different groups of change in CRP in women (left) and men (right) and risk of other CVD. (C) The survival probability in different
groups of change in IL-6 and risk of all-cause mortality in men. CRP, C-reactive protein; HF, heart failure; CVD, cardiovascular disease.

Change in inflammatory biomarkers and cardiovascular events 3775

ESC Heart Failure 2021; 8: 3769–3782
DOI: 10.1002/ehf2.13445



Ta
b
le

3
G
en

de
r-
sp

ec
ifi
c
as
so
ci
at
io
n
of

ch
an

ge
in

th
e
th
re
e
in
fl
am

m
at
or
y
bi
om

ar
ke

rs
an

d
ri
sk

of
ot
he

r
ca
rd
io
va
sc
ul
ar

di
se
as
e
(C
V
D
)

Fe
m
al
e

M
al
e

M
od

el
1

M
od

el
2

M
od

el
1

M
od

el
2

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

W
it
h
ca
te
go

ri
ze
d
C
RP

Su
st
ai
ne

d
hi
gh

1.
24

(0
.8
–
1.
9)

0.
33

4
1.
26

(0
.7
7–

2.
06

)
0.
35

4
1.
93

(1
.3
2–

2.
82

)
0.
00

1
1.
42

(0
.9
4–

2.
14

)
0.
09

9
In
cr
ea

se
d

1.
2
(0
.5
9–

2.
44

)
0.
61

8
1.
36

(0
.6
6–

2.
81

)
0.
40

8
1.
15

(0
.6
6–

2.
01

)
0.
61

7
1.
14

(0
.6
5–

2.
01

)
0.
64

3
D
ec
re
as
ed

0.
96

(0
.5
5–

1.
69

)
0.
88

8
0.
81

(0
.4
5–

1.
46

)
0.
48

1
1.
1
(0
.7
1–

1.
69

)
0.
67

1
0.
94

(0
.6
0–

1.
46

)
0.
77

4
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
C
RP

A
nn

ua
lc

ha
ng

e
in

C
RP

1.
12

(1
.0
3–

1.
21

)
0.
00

6
1.
12

(1
.0
4–

1.
21

)
0.
00

4
1.
30

(1
.1
5–

1.
48

)
<

0.
00

1
1.
24

(1
.0
8–

1.
43

)
0.
00

3
W
it
h
ca
te
go

ri
ze
d
fi
br
in
og

en
Su

st
ai
ne

d
hi
gh

2.
64

(1
.5
0–

4.
63

)
<

0.
00

1
1.
69

(0
.9
3–

3.
06

)
0.
08

2
1.
58

(1
.1
2–

2.
21

)
0.
00

9
1.
10

(0
.7
6–

1.
58

)
0.
62

3
In
cr
ea

se
d

2.
60

(1
.3
2–

5.
12

)
0.
00

6
2.
28

(1
.1
4–

4.
54

)
0.
01

9
1.
52

(0
.9
8–

2.
36

)
0.
06

4
1.
21

(0
.7
7–

1.
89

)
0.
41

6
D
ec
re
as
ed

2.
12

(1
.0
3–

4.
40

)
0.
04

3
1.
72

(0
.8
2–

3.
61

)
0.
15

1
1.
2
(0
.7
8–

1.
86

)
0.
40

2
0.
96

(0
.6
1–

1.
50

)
0.
85

4
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
fi
br
in
og

en
A
nn

ua
lc

ha
ng

e
in

fi
br
in
og

en
1.
18

(1
.0
1–

1.
38

)
0.
03

2
1.
08

(0
.9
1–

1.
29

)
0.
37

5
1.
28

(1
.1
3–

1.
45

)
<

0.
00

1
1.
15

(1
.0
0–

1.
32

)
0.
05

0

W
it
h
ca
te
go

ri
ze
d
IL
-6

Su
st
ai
ne

d
hi
gh

1.
49

(0
.9
3–

2.
37

)
0.
09

6
0.
85

(0
.4
9–

1.
48

)
0.
57

3
2.
78

(1
.9
1–

4.
06

)
<

0.
00

1
1.
66

(1
.0
8–

2.
55

)
0.
02

2
In
cr
ea

se
d

1.
42

(0
.7
6–

2.
64

)
0.
27

4
1.
04

(0
.5
4–

1.
98

)
0.
91

2
1.
81

(1
.1
1–

2.
94

)
0.
01

7
1.
42

(0
.8
6–

2.
35

)
0.
17

1
D
ec
re
as
ed

1.
01

(0
.4
9–

2.
08

)
0.
97

5
0.
75

(0
.3
6–

1.
57

)
0.
44

5
1.
39

(0
.8
2–

2.
36

)
0.
21

7
1.
07

(0
.6
2–

1.
83

)
0.
81

0
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
IL
-6

A
nn

ua
lc

ha
ng

e
in

IL
-6

1.
09

(0
.9
3–

1.
29

)
0.
28

5
1.
05

(0
.8
5–

1.
29

)
0.
66

9
1.
23

(1
.1
1–

1.
36

)
<

0.
00

1
1.
11

(0
.9
9–

1.
25

)
0.
07

6

M
od

el
1
is
cr
ud

e.
M
od

el
2
is
ad

ju
st
ed

fo
r
ag

e,
bo

dy
m
as
s
in
de

x,
ra
ce
,s
m
ok

in
g,

ed
uc

at
io
n
le
ve
l,
ph

ys
ic
al

ac
ti
vi
ty
,s
ys
to
lic

bl
oo

d
pr
es
su
re
,a

nt
i-h

yp
er
te
ns
iv
e
m
ed

ic
at
io
ns
,d

ia
be

te
s,
st
at
in

us
e,

gl
om

er
ul
ar

fi
lt
ra
ti
on

ra
te
,h

ig
h-
de

ns
it
y
lip

op
ro
te
in
,a

nd
lo
w
-d
en

si
ty

lip
op

ro
te
in
.F

or
qu

an
ti
ta
ti
ve

m
ea

su
re
s,
ha

za
rd

ra
ti
o
(H
R)

is
re
po

rt
ed

pe
r
ev
er
y
st
an

da
rd

de
vi
at
io
n
(S
D
)i
nc

re
as
e

in
th
e
pr
ed

ic
to
r.

C
RP

,C
-r
ea

ct
iv
e
pr
ot
ei
n.

3776 M. Shabani et al.

ESC Heart Failure 2021; 8: 3769–3782
DOI: 10.1002/ehf2.13445



Ta
b
le

4
G
en

de
r-
sp

ec
ifi
c
as
so
ci
at
io
n
of

ch
an

ge
in

th
e
th
re
e
in
fl
am

m
at
or
y
bi
om

ar
ke

rs
an

d
ri
sk

of
al
l-c

au
se

m
or
ta
lit
y

Fe
m
al
e

M
al
e

M
od

el
1

M
od

el
2

M
od

el
1

M
od

el
2

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

H
R
(9
5%

C
I)
P
va
lu
e

W
it
h
ca
te
go

ri
ze
d
C
RP

Su
st
ai
ne

d
hi
gh

1.
18

(0
.8
3–

1.
69

)
0.
35

4
1.
22

(0
.8
0–

1.
84

)
0.
35

3
1.
62

(1
.1
3–

2.
33

)
0.
00

8
1.
13

(0
.7
6–

1.
67

)
0.
54

6
In
cr
ea

se
d

0.
52

(0
.2
3–

1.
19

)
0.
12

1
0.
61

(0
.2
6–

1.
41

)
0.
24

7
0.
95

(0
.5
6–

1.
63

)
0.
86

3
1.
00

(0
.5
8–

1.
73

)
0.
99

0
D
ec
re
as
ed

1.
35

(0
.9
–
2.
03

)
0.
14

6
1.
25

(0
.8
1–

1.
92

)
0.
31

9
1.
26

(0
.8
7–

1.
83

)
0.
21

7
1.
11

(0
.7
6–

1.
63

)
0.
59

2
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
C
RP

A
nn

ua
lc

ha
ng

e
in

C
RP

1.
04

(0
.9
5–

1.
13

)
0.
39

7
1.
04

(0
.9
7–

1.
12

)
0.
24

4
1.
15

(1
.0
1–

1.
32

)
0.
03

2
1.
05

(0
.9
1–

1.
20

)
0.
51

0
W
it
h
ca
te
go

ri
ze
d
fi
br
in
og

en
Su

st
ai
ne

d
hi
gh

1.
61

(1
.0
8–

2.
39

)
0.
01

8
1.
05

(0
.6
9–

1.
60

)
0.
82

4
1.
96

(1
.4
4–

2.
68

)
<

0.
00

1
1.
25

(0
.9
0–

1.
75

)
0.
18

5
In
cr
ea

se
d

1.
01

(0
.5
7–

1.
81

)
0.
96

7
0.
78

(0
.4
3–

1.
41

)
0.
41

0
1.
91

(1
.2
8–

2.
85

)
0.
00

1
1.
40

(0
.9
3–

2.
11

)
0.
10

6
D
ec
re
as
ed

1.
82

(1
.1
–
3.
02

)
0.
02

0
1.
42

(0
.8
4–

2.
38

)
0.
18

6
1.
24

(0
.8
2–

1.
9)

0.
30

9
0.
97

(0
.6
3–

1.
49

)
0.
88

3
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
fi
br
in
og

en
A
nn

ua
lc

ha
ng

e
in

fi
br
in
og

en
1.
11

(0
.9
8–

1.
25

)
0.
11

4
0.
94

(0
.8
1–

1.
09

)
0.
39

5
1.
33

(1
.2
1–

1.
47

)
<

0.
00

1
1.
10

(0
.9
8–

1.
24

)
0.
10

4

W
it
h
ca
te
go

ri
ze
d
IL
-6

Su
st
ai
ne

d
hi
gh

1.
88

(1
.2
9–

2.
75

)
0.
00

1
1.
04

(0
.6
6–

1.
63

)
0.
87

2
4.
13

(2
.8
7–

5.
93

)
<

0.
00

1
2.
33

(1
.5
6–

3.
48

)
<

0.
00

1
In
cr
ea

se
d

0.
94

(0
.5
1–

1.
73

)
0.
84

7
0.
61

(0
.3
3–

1.
15

)
0.
12

7
1.
59

(0
.9
5–

2.
66

)
0.
07

7
1.
18

(0
.6
9–

2.
00

)
0.
54

2
D
ec
re
as
ed

0.
93

(0
.5
0–

1.
73

)
0.
81

3
0.
66

(0
.3
4–

1.
25

)
0.
20

2
1.
31

(0
.7
6–

2.
25

)
0.
32

5
1.
07

(0
.6
2–

1.
86

)
0.
80

5
Su

st
ai
ne

d
lo
w

Re
f.

Re
f.

Re
f.

Re
f.

W
it
h
ch

an
ge

an
d
ba

se
lin

e
IL
-6

A
nn

ua
lc

ha
ng

e
in

IL
-6

1.
05

(0
.9
0–

1.
21

)
0.
54

9
0.
91

(0
.7
5–

1.
10

)
0.
34

6
1.
29

(1
.1
6–

1.
44

)
<

0.
00

1
1.
18

(1
.0
4–

1.
34

)
0.
01

0

M
od

el
1
is
cr
ud

e.
M
od

el
2
is
ad

ju
st
ed

fo
r
ag

e,
bo

dy
m
as
s
in
de

x,
ra
ce
,s
m
ok

in
g,

ed
uc

at
io
n
le
ve
l,
ph

ys
ic
al

ac
ti
vi
ty
,s
ys
to
lic

bl
oo

d
pr
es
su
re
,a

nt
i-h

yp
er
te
ns
iv
e
m
ed

ic
at
io
ns
,d

ia
be

te
s,
st
at
in

us
e,

gl
om

er
ul
ar

fi
lt
ra
ti
on

ra
te
,h

ig
h-
de

ns
it
y
lip

op
ro
te
in
,a

nd
lo
w
-d
en

si
ty

lip
op

ro
te
in
.F

or
qu

an
ti
ta
ti
ve

m
ea

su
re
s,
ha

za
rd

ra
ti
o
(H
R)

is
re
po

rt
ed

pe
r
ev
er
y
st
an

da
rd

de
vi
at
io
n
(S
D
)i
nc

re
as
e

in
th
e
pr
ed

ic
to
r.

C
RP

,C
-r
ea

ct
iv
e
pr
ot
ei
n.

Change in inflammatory biomarkers and cardiovascular events 3777

ESC Heart Failure 2021; 8: 3769–3782
DOI: 10.1002/ehf2.13445



compared with men with sustained low levels of IL-6. How-
ever, there was no association between the quantitative
change in IL-6 and mortality (Table 4). The C-statistic of
models with categorized IL-6 for death improved to 0.783
from 0.768 in models without IL-6 (Table 5). Moreover, in
non-statin users, the annual change in IL-6 values was associ-
ated with mortality (HR: 1.17 per SD increase, P = 0.006);
wherein subjects with sustained high IL-6 values had a higher
risk of all-cause mortality (HR: 2.17, P = 0.001) (Supporting In-
formation, Table S7, and Figure 2C).

To sum up, male participants and non-statin users with
sustained high IL-6 levels had a higher likelihood of
all-cause mortality.

Discussion

In this longitudinal study, we demonstrated that (i) the
temporal change in CRP is associated with time-to-HF in
women; (ii) the addition of CRP to prediction models with-
out inflammatory biomarkers increases the predictive
adequacy of HF development in women; (iii) the temporal
change in CRP predicts the incidence of other CVDs in both
sexes; (iv) the association of annual change in CRP with HF
and other CVDs was specific to statin users; (v) in
non-statin users, temporal change in IL-6 was a predictor
of all-cause mortality.

Few studies have investigated the relationship between
temporal changes in inflammatory biomarkers and cardiovas-
cular events. A survey of 5811 patients with one year apart
CRP measurements (standard cutoff: 3 mg/L) showed that
patients with sustained abnormal, increased, or decreased
CRP values had an all-cause mortality HR of 7.73 (95% CI:
2.89–20.69), 6.70 (2.42–18.59), and 3.55 (1.24–10.12) com-
pared with the sustained normal group.11 However, the latter
focused on patients with subacute baseline CRP levels
(1–10 mg/L) and did not evaluate the event association with
quantitative changes in CRP measures. An ancillary survey of
the CHART-2 (Chronic Heart Failure Registry and Analysis in
the Tohoku district-2) study have reported that within a me-
dian follow-up of 6.4 years, the age and sex-adjusted risk of
CVD and all-cause mortality were higher in the sustained high
group compared to the decreased group (HR: 1.70, 95% CI:
1.28–2.26 for all-cause and HR: 2.45, 95% CI: 1.23–4.88 for
cardiovascular death), and in the increased group compared
with the sustained low group ((HR: 1.59, 95% CI: 1.18–2.13
for all-cause and HR: 1.91, 95% CI: 1.21–3.02 for cardiovascu-
lar death).10 In contrast to that study, we excluded patients
with a history of CVD prior to the second CRP measurement.
The Atherosclerosis Risk in Communities (ARIC) study used a
larger sample size (10 160 individuals) and a wider interval
between the repeated measures of CRP (6 years).13 They re-
ported that with cutoff points of either 3 or 2 mg/L, changesTa
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in CRP values are associated with HF, CHD, and mortality.
Individuals with repeated high measures had the highest
HR among different groups.13 However, in neither of these
studies, the quantitative change in CRP was set as the
predictor.

Inflammatory biomarkers not only have been well-known
as predictors of incident HF, especially in older adults,14,15

but also CRP level has been an independent biomarker
for morbidity and mortality of HF.16,17 Higher CRP levels
being associated with earlier first morbid events (all-cause
death, sudden death with resuscitation, hospitalization
for HF, or administration of an intravenous inotropic or
vasodilator drug)16 and higher risk of cardiovascular and
non-cardiovascular death.17 Consistent with observations of
this study, HF prediction by CRP was the most robust among
these three markers.18 Our findings are in agreement with a
study evaluating the predictive power of baseline CRP for
HF in the same cohort that existed in statin users but not
non-statin users.5 Moreover, a multi-cohort study (including
MESA) of inflammatory biomarkers and subtypes of HF
showed that increasing CRP level is associated with a higher
pooled hazard ratio for incident HF with reduced ejection
fraction compared to HF with preserved ejection fraction.18

On the other hand, the predictive effect of IL-6 and fibrino-
gen for HF was not significantly different between reduced
vs. preserved ejection fraction.18 The underlying mechanism
for increased inflammation in HF is still unclear. It is proposed
that the haemodynamic imbalance caused by HF leads to an
inflammatory response and increases the concentration of
pro-inflammatory cytokines like IL-6.19 Nonetheless, there is
still debate on whether the increased level of inflammatory
biomarkers is a response to an established HF state, a prede-
cessor to HF development, or a bidirectional association.20

Previous imaging-based studies have declared that CRP is in-
dependently associated with myocardial function and pro-
gressive deterioration of function over time, partly
explaining why this biomarker is a predictor of HF.21 Based
on the literature, the association between baseline CRP and
the ventricular strain was prominent in men.22 Our findings
showed that the association between single-measure CRP
and HF faded after adjusting cardiovascular risk factors in
the male population. Obesity is a well-known risk factor for
HF development, and inflammation is the major pathway
through which obesity causes LV remodelling.23 Based on
the latter, we have adjusted our models for BMI, and the re-
ported associations in multivariable analysis were indepen-
dent of BMI.

In addition to HF, a meta-analysis of 54 studies showed
that CRP concentration is a predictor of cardiovascular dis-
eases and all-cause mortality,24 yet the exact pathology is
unclear. Prediction models using machine learning applied
on the MESA population’s deep phenotyping have also
identified inflammatory markers as top predictors of HF,
CVD, and mortality.25 The Emerging Risk Factors

Collaboration aggregated 52 studies on individuals without
a history of CVD and reported that CRP is a preventive tool
for 10 year CVD risk.26 The addition of CRP to traditional
risk assessment reclassified 5.2% of intermediate-risk indi-
viduals to a 10-year CVD risk of 20% or more, which would
indicate statin therapy based on ATP (Adult Treatment
Plan) III.2 A prospective study on the MESA cohort also re-
ported that individuals with high CRP values would require
statin therapy at an average of 4.5 years.27 In this study,
even among those who were taking statins, longitudinal
change in CRP values was associated with other CVD events
in the follow-up period.

Higher fibrinogen values, even within the normal range,
were reported to be associated with an increased risk of
CVD since more than three decades ago.28,29 Fibrinogen Stud-
ies Collaboration pooled the results of 31 prospective studies
in healthy adults and revealed a strong association between
plasma fibrinogen and the risk of CHD, stroke, and
mortality.30 According to the Emerging Risk Factors Collabo-
ration, the addition of fibrinogen to risk assessment models
for cardiovascular event increases the predictive adequacy
of models for low, intermediate, or high-risk individuals and
reclassifies 4.7% of intermediate-risk individuals based on tra-
ditional risk factors to individuals who would need to begin
statin therapy.2 As a surrogate for myocardial dysfunction,
LV circumferential strain measured by CMR was inversely as-
sociated with fibrinogen levels in MESA.31 Changes in fibrino-
gen levels over a 13-year interval were associated with
changes in traditional risk factors, including BMI, serum lipid
levels, diastolic blood pressure, and physical activity.32 To our
knowledge, this is the first study investigating the association
of change in fibrinogen level, as well as IL-6, with incident HF,
CVD, and mortality. Based on our observations, annual
changes in fibrinogen levels were not predictive of events in
either sex, implying a lack of any added value in repeated
measurements of fibrinogen. We only observed a significant
association between single fibrinogen measurements and
the risk of other CVD and all-cause mortality in non-statin
users.

MESA-derived studies also reported that baseline IL-6
measures had an added value in predicting HF, CVD, and
all-cause mortality, especially in statin users.7 In line with
that, we found that second measures of IL-6 were predictive
of CVD and mortality, especially in the male population. A
CMR-based cross-sectional study in a subpopulation of the
MESA cohort showed an independent negative association
between single IL-6 values and morphological features of
both ventricles, regional and global LV systolic function, as
well as myocardial fibrosis measured by extracellular volume
extent.33–35 We have reported for the first time that in
addition to a single IL-6 measure, the annual change of IL-6
is predictive of mortality in male subjects, and this associa-
tion is more profound in non-stain users. However, all IL-6
values in this cohort were within the normal range.
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Study limitations

This study’s main limitation was that repeated measures of
biomarkers were not available for the entire cohort, and we
based our analysis on a subgroup of the MESA cohort. Also,
the diagnosis of HF was not uniformly defined in all patients,
with some having a definite imaging-based diagnosis and
some with probable diagnosis based on patient history and
medications. Moreover, the aetiology of HF and ejection frac-
tion at the time of diagnosis were not available for a remark-
able number of participants, we could not perform subgroup
analysis to compare ischaemic vs. non-ischaemic cardiomyop-
athy and HF with preserved ejection fraction vs. HF with re-
duced ejection fraction. Another limitation of this study was
the low number of events in some groups after categoriza-
tion, which was partly compensated for by adding models
with continuous measures. Similar to all longitudinal analy-
ses, the selection of covariates among different time points
of measurement was controversial. We chose the baseline
measurements to have the lowest number of missing values
for each covariate.

Conclusions

In this study, we demonstrated sex-specific associations of
temporal changes in inflammatory biomarkers with the risk
of CVD. CRP changes augmented predictive power for inci-
dent HF in women and CVD risk assessment in both sexes.
The predictive role of change in CRP was stronger in statin
users than non-users. We also observed a non-statin user-
specific association of IL-6 change with mortality. Changes
in the fibrinogen levels were not associated with cardiovascu-
lar events. Further prospective large-sample studies should
be conducted to evaluate the association of temporal
changes in different inflammatory biomarkers with cardiovas-
cular events.
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