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Plasma Fibrinogen Level and the Risk
of Major Cardiovascular Diseases

and Nonvascular Mortality
An Individual Participant Meta-analysis

Fibrinogen Studies Collaboration®

ANY PROSPECTIVE EPIDE-

miological studies have

reported positive asso-

ciations between the risk
of coronary heart disease (CHD) and
plasma fibrinogen levels.'”” Fibrino-
gen is the major coagulation protein in
blood by mass, the precursor of fibrin,
and an important determinant of blood
viscosity and platelet aggregation.’®*
Because fibrinogen levels can be re-
duced considerably by lifestyle inter-
ventions that also affect levels of estab-
lished risk factors (such as regular
exercise, smoking cessation, and mod-
erate alcohol consumption), there is in-
terest in the possibility that measure-
ment (or modification) of fibrinogen
may help in disease prediction or pre-
vention.**** A meta-analysis of pub-
lished data from 18 such studies, in-
volving about 4000 CHD cases,
indicated a relative risk of 1.8 (95% con-
fidence interval [CI], 1.6-2.0) per 1-g/L
increase in plasma fibrinogen level.*
However, such analyses are not able to
provide detailed assessments of the na-
ture of any independent association
of fibrinogen level with CHD or with
other vascular and nonvascular out-
comes.? %

This meta-analysis differs from pre-
vious analyses in several ways that
should increase its reliability and sci-
entific value. First, it is large and com-
prehensive: the data comprise 6944 first
nonfatal myocardial infarction (MI) or
stroke events and 13 210 deaths (cause-
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Context Plasma fibrinogen levels may be associated with the risk of coronary heart
disease (CHD) and stroke.

Objective To assess the relationships of fibrinogen levels with risk of major vascular
and with risk of nonvascular outcomes based on individual participant data.

Data Sources Relevant studies were identified by computer-assisted searches, hand
searches of reference lists, and personal communication with relevant investigators.

Study Selection Allidentified prospective studies were included with information avail-
able on baseline fibrinogen levels and details of subsequent major vascular morbidity and/or
cause-specific mortality during at least 1 year of follow-up. Studies were excluded if they
recruited participants on the basis of having had a previous history of cardiovascular dis-
ease; participants with known preexisting CHD or stroke were excluded.

Data Extraction Individual records were provided on each of 154 211 participants
in 31 prospective studies. During 1.38 million person-years of follow-up, there were
6944 first nonfatal myocardial infarctions or stroke events and 13 210 deaths. Cause-
specific mortality was generally available. Analyses involved proportional hazards mod-
eling with adjustment for confounding by known cardiovascular risk factors and for
regression dilution bias.

Data Synthesis Within each age group considered (40-59, 60-69, and =70 years),
there was an approximately log-linear association with usual fibrinogen level for the
risk of any CHD, any stroke, other vascular (eg, non-CHD, nonstroke) mortality, and
nonvascular mortality. There was no evidence of a threshold within the range of usual
fibrinogen level studied at any age. The age- and sex- adjusted hazard ratio per 1-g/L
increase in usual fibrinogen level for CHD was 2.42 (95% confidence interval [CI],
2.24-2.60); stroke, 2.06 (95% Cl, 1.83-2.33); other vascular mortality, 2.76 (95% ClI,
2.28-3.35); and nonvascular mortality, 2.03 (95% Cl, 1.90-2.18). The hazard ratios
for CHD and stroke were reduced to about 1.8 after further adjustment for measured
values of several established vascular risk factors. In a subset of 7011 participants with
available C-reactive protein values, the findings for CHD were essentially unchanged
following additional adjustment for C-reactive protein. The associations of fibrinogen
level with CHD or stroke did not differ substantially according to sex, smoking, blood
pressure, blood lipid levels, or several features of study design.

Conclusions In this large individual participant meta-analysis, moderately strong as-
sociations were found between usual plasma fibrinogen level and the risks of CHD,
stroke, other vascular mortality, and nonvascular mortality in a wide range of circum-
stances in healthy middle-aged adults. Assessment of any causal relevance of el-
evated fibrinogen levels to disease requires additional research.
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specific mortality information is gen-
erally available among 154 211 partici-
pants in 31 studies). Second, individual
records are available for all partici-
pants, allowing detailed analyses at dif-
ferent plasma fibrinogen levels and in
different circumstances (such as by age,
in men and women, in smokers and
nonsmokers, and at different plasma
lipid levels and blood pressure levels).
Third, harmonization of individual rec-
ords by baseline variables allows a con-
sistent approach to adjust for poten-
tial confounding factors. Fourth,
individuals with known preexisting
CHD and stroke are excluded, limit-
ing any effects of clinically evident
disease on plasma fibrinogen level
(ie, minimizing any “reverse associa-
tion”).* Fifth, there is correction for
within-person variations in plasma fi-
brinogen levels (ie, “regression dilu-
tion”*") because 27 247 participants had
serial measurements taken during fol-
low-up. The main aim of this meta-
analysis is to combine primary data
from all relevant prospective studies to

produce reliable estimates of the asso-
ciations of plasma fibrinogen with CHD
(and, secondarily, with stroke, other
vascular mortality, and nonvascular
mortality), incorporating adjustment for
confounding caused by established car-
diovascular risk factors and correc-
tion for regression dilution.*

METHODS
Study Selection, Data Collection,
and End Points

As described previously,® collabora-
tion was sought from investigators of
all published prospective studies among
population-based samples (ie, partici-
pants were not selected on the basis of
a previous history of cardiovascular dis-
ease) in which data on plasma fibrino-
gen level, date of birth (or age), and sex
had been recorded at a baseline screen-
ing visit, and major vascular morbid-
ity and/or cause-specific mortality and
age at event or death had been rou-
tinely sought during at least 1 year of
follow-up. Individual participant data
were contributed from all relevant stud-

ies that were identified by previously
published meta-analyses, through up-
dated computer searches of databases
including MEDLINE and Embase, and
by extensive discussions with the
investigators (referred to herein as
collaborators).

This study was exempt from insti-
tutional review board approval by the
Cambridgeshire ethics review commit-
tee because all 31 studies included were
published previously and had each pre-
viously received local institutional re-
view board approvals and consent from
participants.

If available, data also were collected
on history of heart disease, stroke, or
diabetes; cigarette smoking habits (in-
cluding, when available, current and
previous smoking habits, amount
smoked, and duration); alcohol con-
sumption; systolic and diastolic blood
pressure; serum lipid levels (includ-
ing triglycerides, total, low-density
lipoprotein and high-density lipo-
protein cholesterol); leukocyte
count; serum levels of albumin and

Table 1. Baseline Correlates of Fibrinogen

z Values
Top Middle Bottom IAdjusted for Age, Sex, AdjustedI No. of
Third Third Third and Cohort Further* Available Individuals
No. (%)
Men 35197 (69) 37357 (73) 40229 (77) -27.6 -36.1 154211
Current smoker 21300 (42) 16911 (33) 13191 (25) 72.0 77.9 154211
Consume alcohol 25922 (67) 28521 (72) 31363 (78) -25.9 -27.5 118794
History of diabetes 2774 (7) 2264 (6) 1939 (5) 12.6 6.9 119708
Mean (SD)
Fibrinogen, g/L 3.74 (0.7) 2.95(0.5) 2.36 (0.4) 154211
Age, y 55.4 (9.1) 53.8 (9.4) 51.8(9.5) 81.4 75.3 154211
Blood pressure, mm Hg
Systolic 135.8 (22.0) 133.4 (21.0) 130.5 (19.7) 255 14.8 154211
Diastolic 82.7 (12.7) 82.1(12.4) 81.2(11.9 18.3 8.0t 154170
Body mass indext 26.7 (4.6) 26.1 (4.0) 25.4 (3.8 52.8 541 154211
Cholesterol, mmol/L
Total 6.04 (1.2) 5.93 (1.14) 5.73(1.12) 33.8 26.8 154211
Low-density lipoprotein 3.89 (1.09) 3.76 (1.04) 3.57 (1.03) 38.1 33.1 101176
High-density lipoprotein 1.31(0.39) 1.35 (0.40) 1.39 (0.42) -47.5 -34.9 114006
Triglycerides, mmol/L 1.67 (1.19) 1.60 (1.12) 1.65(1.23) 141 -5.7 94901
Leukocyte count, X 10%L 7@2.1) 1(1.9) 8(1.8) 52.3 38.6 52072
Albumin, g/L 42 5( 6) 43 1(4.5) 43 3( 4) -18.3 -18.9 49804
C-reactive protein, mg/L 4.8 (6.8) 2.2 (3.6) 1.4(1.8) 29.8 27.8 7011

Sl conversion factors: To convert albumin to g/dL, divide by 10; fibrinogen to mg/dL, divide by 0.01; high-density lipoprotein, low-density lipoprotein, and total cholesterol to mg/dL,
divide by 0.0259; triglycerides to mg/dL, divide by 0.0113.

*Values adjusted for age, sex, and cohort, and also adjusted for systolic blood pressure, total cholesterol, body mass index, and current smoking.

TNot adjusted for systolic blood pressure.

FCalculated as weight in kilograms divided by height in meters squared.
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C-reactive protein; and use of hor-
mone treatments.

Information on cause-specific mor-
tality was provided by collaborators in
the greatest detail available. Interna-
tional Classification of Diseases coding
to at least 3 digits was used and was
based on death certificates (and all but
one® of the contributing studies re-
ported that medical records, autopsy
findings, or other supplementary
sources further helped to classify
deaths).” Codes from versions 8,9, and
10 of the International Classification of
Diseases were accepted along with co-
hort-specific codes (details are avail-
able at: http://www.phpc.cam.ac.uk
/FSC/docs/JAMA_2005_Webtabl
.pdf). All studies reported use of
standard definitions of MI (eg, clinical
features, characteristic electrocardio-
gram changes, and marked elevations
in blood levels of cardiac enzymes) and
were typically based on criteria from the
Monitoring Trends and Determinants
in Cardiovascular Disease (MONICA)
study or from the World Health Orga-
nization. In studies that distinguished
cases of “possible,” “probable,” “sus-
pect,” or “silent” MI from “con-
firmed” MI, any cases in the noncon-
firmed categories were excluded from
analyses. The large majority of studies
reported diagnosing strokes on the ba-
sis of typical clinical features and char-
acteristic changes on computed tomo-
graphic and/or magnetic resonance
imaging brain scans, but only about half
provided attribution of stroke subtype
(such as cerebral ischemia, cerebral
hemorrhage, or subarachnoid hemor-
rhage).” Prior to the conversion of the
data from each study to a standard for-
mat for incorporation into a central da-
tabase, the data were checked for con-
sistency by the members of the
secretariat (see list at end of this ar-
ticle) and any queries were referred
back to the collaborators prior to the
final harmonization of the data.

Statistical Analyses

Because there are substantial differ-
ences in the mean (SD) values of fibrino-
gen across the contributing studies

©2005 American Medical Association. All rights reserved.
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(partly due to differences in assay meth-
ods [involving clotting rate, clot weight,
and various immunologic assays] and
in fibrinogen standards [details are avail-
able at: http://www.phpc.cam.ac.uk
/FSC/docs/JAMA_2005_Webfigl
.pdfl), the present analyses involved
comparisons of cases with noncases
within each cohort. The prespecified
unit of comparison in this meta-
analysis was a 1-g/L increase in fibrino-
gen, with parallel analyses conducted
for standardized increases in plasma fi-
brinogen (ie, per SD of fibrinogen val-
ues for each study) to allow for varia-
tions in fibrinogen levels across studies.
Because the 2 approaches yielded simi-
lar patterns of findings, only the former
are shown herein (the parallel analy-
ses are available on request from the
secretariat).

All analyses used the Cox propor-
tional hazards model, stratified for
study, sex, and, in the 2 studies'”’ that
randomized participants to different in-
terventions, for trial group. The as-
sumptions of the proportionality of haz-
ards for fibrinogen level were satisfied
in each of the 31 studies, which were
assessed by plots of Schoenfeld residu-
als (data available on request). Each par-
ticipant contributed only either the first
nonfatal end point or death recorded
at age 40 years or older (ie, deaths pre-
ceded by nonfatal CHD or stroke were
not included in the analyses). These
analyses were used in 2 ways to de-
scribe the dose-response relation-
ships.*® First, to investigate the shape
of the association, the hazard ratios
(HRs) for groups defined by fifths of
baseline values of fibrinogen within

Figure 1. Age-Specific, Sex- and Cohort-Adjusted Hazard Ratios for Cardiovascular Disease
and Nonvascular Mortality by Fifths of Usual Fibrinogen Level

Coronary Heart Disease
(Nonfatal or Fatal)

(n=7118)
16
Age at Risk, y
=70
2 8
S5 = ~ ~
20 60-69
8
<@ / 40-59
o O
£2
TG o
(e}
iy
x
T 1
0.5-— T T 1
2.5 3.0 3.5 4.0

Usual Fibrinogen Level, g/L

Other Vascular Deaths

(n=992)
Age at Risk, y
N /H/+/+ o
8-
% = 60-69
© O
Q o
oX 4]
<8
2o ! 40-59
S T 0
(o]
i)
o &
T 14
0.5-— T T 1
25 3.0 3.5 4.0

Usual Fibrinogen Level, g/L

Stroke (Nonfatal or Fatal)

(n=2775)
16+ Age at Risk, y
>70
o s H/H/*
25 60-69
8%
<i 4
25 40-59
B £
ST 29
c3
o
T 11
0.5-— T T 1
2.5 3.0 3.5 4.0

Usual Fibrinogen Level, g/L

Nonvascular Deaths
(n=8007)

(o2}
|

Age at Risk, y
>70

o]
|

HR (Floating Absolute
Risk and 95% Cl)
»o®

60-69

40-59

o
2

25 3.0 3.5 4.0
Usual Fibrinogen Level, g/L

Fifths of usual fibrinogen level were calculated within each study. Curves are fitted by log-linear regression
lines. Cl indicates confidence interval; HR, hazard ratio. The size of the data markers is proportional to the

inverse of the variances of the HR estimates.
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each study were calculated and the 95%
Cls were estimated from the floated
variances that reflect the amount of in-
formation underlying each group (in-
cluding the reference group).”® A pro-
portional or log scale was used for
plotting disease rates. Second, if these
analyses were consistent with a log-
linear association, regression coeffi-
cients were calculated for the percent-
age change in risk associated with a
1-g/L difference in fibrinogen level. Het-
erogeneity of these associations was in-
vestigated with respect to mean age at
baseline, other prespecified personal
characteristics (eg, sex, smoking sta-
tus, body mass index, blood lipid lev-
els, and blood pressure level), and study
characteristics (eg, geographical set-
ting, sampling framework, and fibrino-
gen assay method). A random effect
analysis also was used to take further
account of between-study variation.
Analyses were adjusted for the ef-
fects of age at screening, smoking sta-

tus, measured values of systolic blood
pressure, total cholesterol level, and
body mass index. More comprehen-
sive adjustment for possible confound-
ers was made in the subset of studies
that had recorded details on alcohol
consumption, subtypes of serum lipid
levels, C-reactive protein, and history
of diabetes. Statistical analyses were per-
formed using STATA software version
8 (STATA Corp, College Station, Tex)
and SAS software version 8 (SAS Insti-
tute Inc, Cary, NC). Analyses for the 2
nested case-control studies®** (com-
prising a total of 439 CHD cases and
1554 controls) yielded essentially simi-
lar findings to those for the 31 cohort
studies, albeit with much wider 95% Cls
(data not shown). For results from in-
dividual studies, 99% Cls were used to
make some allowance for the in-
creased scope for random error in mul-
tiple comparisons and 95% Cls were
used for combined analyses. Unless
stated otherwise, all analyses have ex-

cluded the 1616 individuals with fi-
brinogen levels greater than 5.62 g/L (ie,
the highest 19%) due to the potential dis-
tortions arising from assay impreci-
sion at such levels’ and from acute-
phase reactions.’

Correction for Regression Dilution

Fifteen of the contributing studies*>"

provided data on 27 247 individuals and
provided 2 or more fibrinogen level mea-
surements. Most of the serial fibrino-
gen level measurements were taken
within the first decade of follow-up. Base-
line fibrinogen levels were used to di-
vide individuals into fifths, and the ra-
tio of the range between the mean values
of the repeat measurements in the top
compared with the bottom fifth was used
to estimate regression dilution ratios for
various intervals*** (and similar re-
sults were obtained using the Rosner re-
gression method™; details are available
at: http://www.phpc.cam.ac.uk/FSC
/docs/JAMA_2005_Webfig2.pdf). The

Figure 2. Age-Specific Hazard Ratios for Cardiovascular Disease and Nonvascular Mortality per 1-g/L Increase

in Usual Fibrinogen Level
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Fibrinogen level adjusted for age at screening and stratified on sex, cohort, and trial group. Cl indicates confidence interval. The size of the data markers is proportional

to the inverse of the variances of the hazard ratios.

1802

JAMA, October 12, 2005—Vol 294, No. 14 (Reprinted with Corrections)

Downloaded From: by a London Sch of Hygiene & Tropical Medicine User on 05/05/2018

©2005 American Medical Association. All rights reserved.



regression dilution ratio declined mod-
erately with increasing intervals be-
tween measurements, with a value of
about 0.5 for the first 5 years from the
initial fibrinogen level measurement, but
data were insufficient to estimate this
value reliably for more prolonged du-
rations of follow-up. Hence, the regres-
sion coefficient and SE relating risk to
usual (ie, long-term average) fibrino-
gen level was estimated as approxi-
mately twice (ie, 1/0.5) the regression
coefficient and its SE.

RESULTS

This meta-analysis includes 154 211 par-
ticipants in 31 prospective studies with
available individual records, no known
history of previous CHD (ie, MI or an-
gina, which was defined in each study*)
or stroke at baseline, fibrinogen levels
of 5.62 g/L or lower, and any nonfatal
CHD and stroke events or any deaths re-
corded for individuals aged 40 years or
older. Of these participants, 115 658
(75%) were from Europe, 27 758 (18%)
were from North America, and 10 795
(7%) were from Japan. During 1.38 mil-
lion person-years of follow-up (mean
[SD], 8.9 [4.9] years to first event or
death), there were 4681 nonfatal Mls,
2263 nonfatal strokes, and 13 210 deaths
comprising 2437 deaths attributed to
CHD, 512 to stroke, 992 to other vas-
cular causes (including 175 due to aor-
tic aneurysm, 125 to heart failure, and
88 to acute pulmonary heart disease),
8007 to nonvascular causes (of which
4856 were due to cancer), and 1262
to unknown causes (details by cohort
available at: http://www.phpc.cam.ac
.uk/FSC/docs/JAMA_2005_Webtab2
pdb).

There were generally strong and
highly significant positive associa-
tions between plasma fibrinogen lev-
els and values of several established risk
factors at baseline, such as age, ciga-
rette smoking, serum levels of total and
low-density lipoprotein cholesterol and
triglycerides, blood pressure, body mass
index, and history of diabetes (and, in
the subset with data available on in-
flammatory factors, with leukocyte
count and C-reactive protein values)

©2005 American Medical Association. All rights reserved.
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(TABLE 1). There also were highly sig-
nificant inverse associations between
plasma fibrinogen level and male sex,
alcohol consumption, and serum lev-
els of high-density lipoprotein choles-
terol and albumin.

Age-Specific HRs

for Major End Points

There was alog-linear association with
usual fibrinogen (plotted by fifths of val-
ues) for the risk of nonfatal or fatal CHD,
nonfatal or fatal stroke, other vascular

mortality (eg, non-CHD, nonstroke), and
nonvascular mortality. There was no
threshold in the range of available fi-
brinogen levels at which lower levels
were no longer associated with lower risk
(FIGURE 1). For usual fibrinogen levels,
all 5 data points within each age group
representing patients who had CHD,
stroke, or nonvascular mortality are rea-
sonably well fitted by the log-linear age-
specific regression lines in Figure 1, al-
though the trend is less distinct among
the small numbers of participants who

Figure 3. Hazard Ratios for Cardiovascular Disease and Nonvascular Mortality per 1-g/L
Increase in Usual Fibrinogen Level

No. of
Disease/Condition Cases
Coronary Heart Disease !
Nonfatal MI 4681 l
Fatal 2437 ——
Al 7118 <>
Stroke |
Hemorrhagic 443 —_—a.———— }
Ischemic 1266 ——
Unclassified 1066 J‘—.—
Al 2775 <>
Other Vascular Deaths 992 <>
Nonvascular Deaths |
Smoking-Related Cancer* 2481 +——
Cancer of Digestive Organst 588 —
Hormone-Related Cancert 515 4-7}
Other Types of Cancer 1272 ——
External Causes§ 465 - |
COPD 392 } - =
Other 2294 —il—
|
All 8007
Unclassified Deaths 1262 —u—
All-Cause Mortality 13210 =
T T 5
1.0 1.5 2.0 4.0

Hazard Ratio (95% ClI)

Fibrinogen level adjusted for age at screening and stratified by sex, cohort, and trial group. Cl indicates con-
fidence interval; COPD, chronic obstructive pulmonary disease. The size of the data markers is proportional to
the inverse of the variances of the hazard ratios.

*Includes International Classification of Diseases, 10th Revision (ICD-10) codes C00-CO02 for cancer of the lip
and tongue; /CD-70 codes C03-CO6 for cancer of the gum, mouth, and palate; /CD-70 codes C09-C14 for
cancer of the tonsil, oropharynx, nasopharynx, pyriform sinus, and hypopharynx; /CD-70 code C22 for cancer
of the liver and intrahepatic bile; /ICD-70 code C25 for cancer of the pancreas; /CD-70 codes C30-C34 for
cancer of the nasal cavity and middle ear, larynx, trachea, and bronchus and lung; /CD-70 code C53 for cancer
of the cervix uteri; /ICD-70 codes C64-C68 for cancer of the kidney, renal pelvis, ureter, and bladder; and /CD-70
code C92 for cancer of the myeloid leukemia.

tIncludes ICD-70 codes C17-C21 for cancer of the small intestine, rectosigmoid junction, rectum, and anus;
ICD-10 codes C23-C24 for cancer of the gallbladder and biliary tract.

FIncludes ICD-70 code C50 for cancer of the breast; /ICD-70 codes C54-C56 for cancer of the corpus uteri,
uterus, and ovary; /CD-170 codes C61-C62 for cancer of the prostate and testis; and /CD-70 code C73 for
cancer of the thyroid gland.

§Includes /CD-10 codes SO0-T98 for injury, poisoning, and certain other consequences of external cause and
ICD-10 codes V01-98 for morbidity and mortality.
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had other vascular deaths. The slopes of
these regression lines were used to cal-
culate the age-specific HRs for each of
the major end points associated with a
1-g/L increase in usual fibrinogen level
(FIGURE 2). The strengths of the asso-
ciation with usual plasma fibrinogen level
declined to some extent with increasing
age at event for CHD and for stroke. At
ages 00 to 69 years, such differences in
usual fibrinogen level were associated
with about a 2-fold increase in risk for

each of these outcomes. The HRs were
about 50% more extreme for CHD and
forstroke atages 40 to 59 years compared
with older ages, but the association with
each of the major end points remained
moderately strong even at older ages.

Overall HRs With Major End Points
Associations of fibrinogen level with dif-
ferent vascular and nonvascular out-
comes are shown in FIGURE 3 and
TABLE 2. For any CHD, the HR per

Table 2. Hazard Ratios for Cardiovascular Disease and Nonvascular Mortality per 1-g/L
Increase in Usual Fibrinogen Level*

Hazard Ratio (95% Confidence Interval)

1
Events/Deaths

Never-Smokers After First 5y
All Participants Onlyt of Follow-Up
Disease/Condition (N =154 211) (n =45 369) (n =123 439)t
CHD
All 2.42 (2.24-2.60) 2.54 (2.10-3.09) 2.48 (2.24-2.74)
Nonfatal Ml 2.30 (2.10-2.52) 2.29 (1.81-2.91) 2.36 (2.06-2.69)
Fatal 2.68 (2.36-3.03) 3.13 (2.25-4.36) 2.68 (2.29-3.14)
Stroke
All 2.06 (1.83-2.33) 1.87 (1.43-2.45) 1.87 (1.57-2.24)
Hemorrhagic 1.44 (1.05-1.96) 1.37 (0.70-2.70) 1.45(0.91-2.29)
Ischemic 2.08 (1.74-2.48) 1.76 (1.22-2.53) 1.93 (1.47-2.52)
Unclassified 2.36 (1.94-2.86) 2.48 (1.51-4.07) 1.99 (1.51-2.62)
All CHD, all stroke, and 2.35 (2.21-2.49) 2.31(1.91-2.79) 2.29 (2.11-2.49)
other vascular deaths
Non-CHD, nonstroke 2.76 (2.28-3.35) 2.41(1.54-3.77) 2.20 (1.70-2.84)
vascular deaths
Nonvascular deaths
All 2.03 (1.90-2.18) 1.99 (1.67-2.36) 1.88 (1.71-2.06)
COPD 3.70 (2.75-4.97) 5.49 (1.73-17.45) 4.52 (3.11-6.57)
Other 212 (1.87-2.42) 2.03 (1.55-2.66) 2.19 (1.85-2.60)
Types of cancer
Smoking-related§ 2.28 (2.01-2.58) 1.56 (0.99-2.47) 2.00 (1.70-2.35)
Digestive organs|| 1.70 (1.31-2.21) 3.00 (1.67-5.41) 1.46 (1.03-2.05)
Colorectal 1.71 (1.30-2.25) 2.84 (1.51-5.35) 1.56 (1.09-2.24)
Hormone-related| 1.54 (1.16-2.05) 1.66 (0.97-2.86) 1.16 (0.81-1.68)
Other 1.75(1.45-2.12) 2.66 (1.68-4.20) 1.44 (1.14-1.83)
All-cause mortality 2.18 (2.07-2.31) 2.13 (1.86-2.43) 2.03 (1.89-2.17)
External causes# 1.32 (0.99-1.77) 1.22 (0.67-2.24) 1.32 (0.87-2.00)
Unclassified 1.95 (1.64-2.31) 1.38 (0.85-2.22) 1.93 (1.59-2.33)

Abbreviations: CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction.
*Adjusted for age at screening and stratified by sex, cohort, and trial group.
TIn restricted analyses, there were 1059 CHD cases (711 nonfatal Ml and 348 fatal), 602 stroke cases (101 hemor-
rhagic, 337 ischemic, and 164 unclassified), 199 cases of other vascular mortality, 1361 nonvascular deaths, 190
unclassified deaths, and 2217 total deaths.
FIn restricted analyses, there were 3712 CHD cases (2176 nonfatal Ml and 1536 fatal), 1375 stroke cases (215 hem-
orrhagic, 596 ischemic, and 564 unclassified), 608 cases of other vascular mortality, 4883 nonvascular deaths, 1015
unclassified deaths, and 8360 total deaths.
§Include International Classification of Diseases, 10th Revision (ICD-10) codes for lip and tongue (CO0-C02); gum, mouth,
and palate (C03-CO06); tonsil, oropharynx, nasopharynx, pyriform sinus, and hypopharynx (C09-C14); liver and in-
trahepatic bile (C22); pancreas (C25); nasal cavity, middle ear, larynx, trachea, bronchus, and lung (C30-C34); cervix

uteri (C53); kidney, renal pelvis, ureter, and bladder (C64-C68); and myeloid leukemia (C92).

[Include ICD-10 codes for the small intestine, rectosigmoid junction, rectum, and anus (C17-C21); and gallbladder

and biliary tract (C23-C24).

flinclude ICD-10 codes for breast (C50), corpus uteri, uterus, and ovary (C54-C56); prostate and testis (C61-C62); and

thyroid gland (C73).

#lnclude ICD-10 codes for injury, poisoning, and certain other consequences of external cause (S00-T98); and exter-
nal causes of morbidity and mortality (VO1-V98).
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1-g/L increase in usual fibrinogen level
was 2.42 (95% CI, 2.24-2.60); there was
a possibly higher HR of 2.68 (95% CI,
2.36-3.03) for fatal CHD compared with
a HR of 2.30 (95% CI, 2.10-2.52) for
nonfatal MI (xi for heterogene-
ity=3.8; P=.05). For all types of stroke,
the corresponding HR was 2.06 (95%
CI, 1.83-2.33). For ischemic stroke, the
HR was 2.08 (95% CI, 1.74-2.48);
hemorrhagic stroke, 1.44 (95% CI,
1.05-1.96); and stroke attributed to
unclassified causes, 2.36 (95% CI, 1.94-
2.86) ()3 for heterogeneity=7.0; P=.03).
The HR for other vascular mortality (eg,
non-CHD, nonstroke) was 2.76 (95%
CI, 2.28-3.35); nonvascular mortality,
2.03 (95% CI, 1.90-2.18); and unclas-
sified deaths, 1.95 (95% CI, 1.64-
2.31). The combined HR for all vascu-
lar deaths and events (eg, a combination
of all CHD, all stroke, and other vas-
cular deaths) was 2.35 (95% CI, 2.21-
2.49), which was similar to that for all
nonvascular mortality. There were too
few cases of particular types of cancer
to enable reliable analyses by type of
cancer. Apart from a possibly stronger
association with smoking-related can-
cer, subdivision of the aggregate of non-
vascular deaths (most of which were
cancer) generally did not suggest much
more specific associations, although the
association with deaths due to exter-
nal causes was of marginal statistical sig-
nificance. The HRs for cardiovascular
end points were generally similar in
analyses restricted to never smokers or
to participants with first events (or
deaths) recorded after the first 5 years
of follow-up compared with the corre-
sponding HRs involving all partici-
pants (Table 2).

Assessments of Potential Sources
of Heterogeneity and Confounding

FIGURE 4 and FIGURE 5 show the im-
pactofa 1-g/L increase in usual fibrino-
gen level on CHD and stroke, respec-
tively, by various study and individual-
level characteristics after adjustment for
age, sex, cohort, smoking, blood pres-
sure, total cholesterol, and body mass
index. For CHD (Figure 4), there was
substantial heterogeneity among the 31
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separate cohorts (x3=84.5; P<.001; de-
tails by cohort available at http:/www
.phpc.cam.ac.uk/FSC/docs/JAMA
_2005_Webfig3.pdf). Only some of the
heterogeneity is explained by re-
corded characteristics. There was little
evidence that the magnitude of the as-
sociation between fibrinogen levels and
CHD was importantly influenced by
sex, blood pressure, or serum choles-
terol level, a history of smoking or dia-
betes, or assay method. There was some
evidence of heterogeneity among the
findings of the 30 separate studies con-
tributing stroke end points (x%=48.7;
P=.01; details by cohort available at:
http://www.phpc.cam.ac.uk/FSC/docs
/JAMA_2005_Webfig4.pdf), but there
were no substantial variations in the as-
sociations by characteristics recorded
(Figure 5). When the few studies that
contributed most to the heterogeneity
for each end point were excluded (ie,
so that among the remaining studies
P>.05 for heterogeneity for each end
point), the combined HRs were little
changed, suggesting the absence of im-
portant biases from the studies with
more extreme results. Furthermore, use
of a method that incorporates hetero-
geneity into the uncertainty around HRs
calculated for each end point yielded
only slightly wider 95% CIs than the
fixed-effects model.”*

TABLE 3 shows the impact of progres-
sive adjustment for baseline values of po-
tential confounding factors on HRs. For
CHD and stroke, the age-, sex-, and co-
hort-adjusted HRs decreased to 1.93
(95% CI, 1.79-2.08) and 1.75 (95% CI,
1.55-1.98), respectively, after adjust-
ment for smoking, total cholesterol,
blood pressure, and body mass index,
and were 1.82 (95% CI, 1.60-2.06) and
1.82 (95% CI, 1.54-2.16), respectively,
after further adjustment for alcohol con-
sumption, concentrations of lipid sub-
fractions, and history of diabetes in the
studies with information on these vari-
ables. The substantial decreases in the
x* statistic for the association with fi-
brinogen level after these adjustments
(from 246 to 87 for CHD and from 97
to 48 for stroke) suggests that a consid-
erable part of the association was due to

©2005 American Medical Association. All rights reserved.
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confounding. Moreover, because these
confounding factors may have been mea-
sured with some error, substantial re-
sidual confounding may remain.” For
nonvascular mortality (and, to some ex-
tent, for other vascular mortality), the
effect of adjustment for potential con-
founding factors on HRs and on corre-
sponding x? statistic values was less
marked (Table 3).

The Pearson partial correlation
coefficient (adjusted for age) between
fibrinogen and log C-reactive protein
was 0.47 (95% CI, 0.45-0.49) in the
7011 participants with available
C-reactive protein measurements.
Among these 7011 participants, 263
CHD cases were recorded and the HR
for CHD per 1-g/L increase in usual
fibrinogen level was reduced from

]
Figure 4. Adjusted Hazard Ratios for Coronary Heart Disease per 1-g/L Increase in Usual

Fibrinogen Level

No. of Coronary
Heart Disease

Characteristic Cases
Geographic Location*

Western Europe 5369

North America 1718
Study Population

Population Registry 4345

Workforce 974

Prevention Trial 1799
Assay Method

Clotting Time 4382

Clot Weight 610

Nonclotting 2126
Assay Timing’

<A Few Days 3611

<A Few Weeks 1252

>A Few Weeks 1224

Not Stated 1031
Sex

Male 6171

Female 947
Total Cholesterol, mmol/L (mg/dL)

<5.73 (221) 2376

5.73-6.73 (221-260) 2378

>6.73 (260) 2364
Triglycerides, mmol/L (mg/dL)¥

<1.29 (114) 1175

29-2, 4- 1165

1.29-2.00 (114-177) 1148

>2.00 (177)
Systolic Blood Pressure, mm Hg

<131 2450

131-150 2375

>150 2293
Smoking Status

Former 3784

Current 3334
History of Diabetes

No History 47038

History 645

Not Recorded 1770
Body Mass Indexd

<25 2809

25-28 2300

>28 2009

T
- =
- s

1.0 15 2.0 4.0
Hazard Ratio (95% Cl)

Adjusted for age at screening, smoking status, systolic blood pressure, total cholesterol, and body mass index
and stratified by sex, cohort, and trial group. Cl indicates confidence interval. The size of the data markers is
proportional to the inverse of the variances of the hazard ratios.

*Osaka cohort has been excluded from geographical location.

TRelates to time following blood collection.

FTertiles of total cholesterol, triglycerides, systolic blood pressure, and body mass index were defined by their
respective distributions among coronary heart disease cases.
§Calculated as weight in kilograms divided by height in meters squared.
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2.23 (95% CI, 1.59-3.14) to 1.78
(95% CI, 1.19-2.66) after adjustment
for age, sex, several established coro-
nary risk factors, and C-reactive pro-
tein. The numbers of other vascular and
nonvascular disease outcomes were too
few in this subset to enable reliable analy-
ses adjusted for C-reactive protein. Addi-
tional figures are available at http://
www.phpc.cam.ac.uk/FSC/FSC
_index.htm.

COMMENT

The present meta-analysis involves in-
dividual participant data from 31 pro-
spective studies of major cardiovascu-
lar diseases and nonvascular mortality
among 154211 individuals without
known cardiovascular disease at base-
line. It provides the first reliable dem-
onstration that fibrinogen is associated
with the age-specific incidence rates of
CHD, stroke (especially nonhemor-

]
Figure 5. Adjusted Hazard Ratios for Stroke per 1-g/L Increase in Usual Fibrinogen Level

No. of
Stroke

Characteristic Cases
Geographic Location*

Western Europe 1640

North America 1068
Study Population

Population Registry 2039

Workforce 279

Prevention Trial 457
Assay Method

Clotting Time 1846

Clot Weight 291

Nonclotting 638
Assay Timing’

<A Few Days 977

<A Few Weeks 792

>A Few Weeks 569

Not Stated 437
Sex

Male 1948

Female 827
Total Cholesterol, mmol/L (mg/dL)

<5.73 (221) 1258

5.73-6.73 (221-260) 810

>6.73 (260) 707
Triglycerides, mmol/L (mg/dL)*

<1.29 (114) 602

1.29-2.00 (114-177) 519

>2.00 (177) 444
Systolic Blood Pressure, mm Hg

<131 774

131-150 875

>150 1126
Smoking Status

Former 1686

Current 1089
History of Diabetes

No History 1861

History 368

Not Recorded 546
Body Mass Index$

<25 1185

25-28 787

>28 803

1.0 1.5 2.0 4.0
Hazard Ratio (95% Cl)

Adjusted for age at screening, smoking status, systolic blood pressure, total cholesterol, and body mass index
and stratified by sex, cohort, and trial group. Cl indicates confidence interval. The size of the data markers is
proprotional to the inverse of the variances of the hazard ratios.

*QOsaka cohort has been excluded from geographical location.

tRelates to time following blood collection.

FTertiles of total cholesterol, triglycerides, systolic blood pressure, and body mass index were defined by their
respective distributions among coronary heart disease cases.
§Calculated as weight in kilograms divided by height in meters squared.
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rhagic stroke), other (eg, non-CHD,
nonstroke) vascular mortality, and, in-
terestingly, of the aggregate of all non-
vascular causes (mainly comprising can-
cer). These data demonstrate that
throughout the range of fibrinogen lev-
els recorded in Western populations, the
proportional differences in risk of each
of these end points associated with a
given absolute difference in usual fi-
brinogen are generally similar at all fi-
brinogen levels (ie, the relationships are
approximately log linear). The present
meta-analysis indicates that the associa-
tions of fibrinogen level with CHD or
with stroke do not differ substantially by
baseline levels of established risk fac-
tors such as sex, smoking, blood pres-
sure, serum lipid levels, or several fea-
tures of study design.

The associations between fibrinogen
level and the incidence of a broad range
of different chronic diseases are particu-
larly striking, including not just major
ischemic cardiovascular diseases but also
the aggregate of nonvascular mortal-
ity.®!?> The magnitude of the associa-
tions persisted largely unchanged in
analyses restricted to never smokers and
to disease cases recorded several years
after the baseline examination, reduc-
ing the likelihood that they were mainly
due to cigarette smoking habits and/or
early cardiovascular disease. It has been
suggested that such associations reflect
a response to cumulative environmen-
tal stressors (as indicated by circulat-
ing levels of fibrinogen and other in-
flammatory factors), which may modify
the risk, progression, and outcomes of
various chronic diseases.” Although the
lack of specificity in the associations of
fibrinogen level with different vascular
and nonvascular outcomes does not nec-
essarily exclude a causative role for fi-
brinogen in ischemic cardiovascular dis-
eases, there remains scope in these
estimates for biases due to residual (or
unmeasured) confounding by other
factors.

Fibrinogen levels were correlated
with several established risk factors
(such as blood pressure and serum cho-
lesterol levels). After adjustment for
baseline values of such risk factors, the

©2005 American Medical Association. All rights reserved.



HRs for CHD and stroke each reduced
to about 1.8 per 1-g/L increase in usual
fibrinogen level. These confounding
factors probably have been measured
with some error so substantial re-
sidual confounding may remain.” For
example, the within-person correla-
tions on measurements of blood cho-
lesterol levels and blood pressure val-
ues taken a few years apart are only
about two thirds for each.*” Hence, ad-
justment of the relationship between fi-
brinogen level and CHD or stroke for
the measured values of smoking, blood
pressure, and serum cholesterol level
(and other confounders) may have only
reduced the associations by approxi-
mately two thirds of the amount that
the adjustment for usual fibrinogen lev-
els would have done. Moreover, more
complete adjustment may have been
achieved by correction for variables that
more directly reflect the relevant con-
founding factors and/or preexisting dis-
ease (such as apolipoproteins B and A1l
rather than direct measurement of cho-
lesterol subfractions,’” or indices of sub-
clinical atherosclerosis [eg, the ankle-
brachial pressure index® or carotid
intimamedia thickness™]), but such con-
siderations are difficult to quantify. Af-
ter adjustment for established risk fac-
tors, the association between fibrinogen
level and risk of CHD was essentially un-
changed following additional adjust-
ment for C-reactive protein in the 7011
participants with available C-reactive
protein measurements. Further inves-
tigation of this association in larger num-
bers of participants with both fibrino-
gen levels and C-reactive protein values
will be required to assess this more re-
liably.

Assessment of the likelihood of any
causal relationships of fibrinogen level
with disease will require research strat-
egies that can minimize potential residual
biases, such as investigation of the
genetic determinants of fibrinogen level
in large-scale observational studies (ie,
“Mendelian randomization”®®' and
B. Keavney, MD, J. Danesh, DPhil, S.
Parish, DPhil, et al, unpublished data,
2005) or randomized trials of selective
fibrinogen-lowering agents. This meta-

©2005 American Medical Association. All rights reserved.
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]
Table 3. Age-, Sex-, and Cohort-Adjusted Hazard Ratios per 1-g/L Increase in Usual Plasma
Fibrinogen Level

Factors in the

Data From 31 Cohorts*

(n =154 211)

Data From 14 Cohortst

(n=72105)

[
HR (95% CI)

1
2

[
HR (95% CI)

2

Progressive Adjustment X X
Coronary heart disease
Age at screening, sex, and cohort 2.42 (2.24-2.60) 551 2.60 (2.31-2.93) 246
Plus smoking status 2.13 (1.98-2.30) 391 2.31 (2.04-2.61) 181
Plus total cholesterol 2.06 (1.91-2.22) 347 2.22 (1.96-2.51) 162
Plus systolic blood pressure 1.98 (1.84-2.14) 313 2.13 (1.88-2.41) 145
Plus body mass index 1.93 (1.79-2.08) 285 2.08 (1.84-2.35) 133
Plus HDL cholesterolf 1.97 (1.74-2.23) 114
Plus LDL cholesterol§ 1.85 (1.64-2.10) 93
Plus alcohol consumption§ 1.82 (1.61-2.07) 87
Plus triglycerides§ 1.83 (1.62-2.08) 89
Plus history of diabetes§ 1.82 (1.60-2.06) 87
Stroke
Age at screening, sex, and cohort 2.06 (1.83-2.33) 138 2.28 (1.93-2.68) 97
Plus smoking status 1.89 (1.67-2.13) 103 2.08 (1.76-2.45) 75
Plus total cholesterol 1.87 (1.66-2.12) 101 2.06 (1.74-2.43) 72
Plus systolic blood pressure 1.76 (1.56-2.00) 82 1.92 (1.62-2.27) 59
Plus body mass index 1.75(1.55-1.98) 78 1.92 (1.62-2.27) 57
Plus HDL cholesterolt 1.87 (1.68-2.21) 52
Plus LDL cholesterol§ 1.85 (1.56-2.19) 50
Plus alcohol consumption§ 1.83 (1.54-2.17) 48
Plus triglycerides§ 1.84 (1.65-2.19) 49
Plus history of diabetes§ 1.82 (1.54-2.16) 48
Other vascular mortality
Age at screening, sex, and cohort 2.76 (2.28-3.35) 106 3.51 (2.63-4.70) 72
Plus smoking status 2.49 (2.05-3.04) 83 3.23 (2.41-4.34) 62
Plus total cholesterol 2.49 (2.04-3.03) 83 3.24 (2.42-4.35) 62
Plus systolic blood pressure 2.41(1.98-2.93) 76 3.10 (2.31-4.17) 57
Plus body mass index 2.33(1.91-2.84) 69 3.10 (2.30-4.17) 55
Plus HDL cholesterolf 3.14 (2.33-4.24) 56
Plus LDL cholesterol§ 3.19 (2.36-4.30) 58
Plus alcohol consumption§ 3.15 (2.33-4.25) 56
Plus triglycerides§ 3.19 (2.36-4.30) 57
Plus history of diabetes§ 3.11 (2.31-4.20) 55
Nonvascular mortality
Age at screening, sex, and cohort 2.038 (1.90-2.18) 392 2.05 (1.84-2.28) 173
Plus smoking status 1.79 (1.67-1.93) 257 1.87 (1.68-2.09) 130
Plus total cholesterol 1.81 (1.69-1.95) 268 1.90 (1.71-2.12) 137
Plus systolic blood pressure 1.80 (1.68-1.94) 264 1.88 (1.69-2.09) 131
Plus body mass index 1.84 (1.71-1.98) 280 1.98 (1.78-2.21) 152
Plus HDL cholesterolt 2.00 (1.79-2.23) 152
Plus LDL cholesterol§ 2.06 (1.85-2.30) 168
Plus alcohol consumption§ 2.06 (1.85-2.30) 167
Plus triglycerides§ 2.07 (1.85-2.31) 168
Plus history of diabetes§ 2.05 (1.84-2.29) 165

Abbreviations: Cl, confidence interval; HDL, high-density lipoprotein; HR, hazard ratio; LDL, low-density lipoprotein.

*Complete information on age, sex, smoking status, total cholesterol, systolic blood pressure, and body mass index.
There were 7118 coronary heart disease cases, 2775 stroke cases, 992 cases of other vascular mortality, and 8007
nonvascular deaths.

FComplete information on age, sex, smoking status, cholesterol (total, high-density lipoprotein, and low-density lipo-
protein), systolic blood pressure, body mass index, alcohol consumption, triglycerides, and history of diabetes. There
were 2534 coronary heart disease cases, 1370 stroke cases, 385 cases of other vascular mortality, and 3157 non-
vascular deaths.

FHDL cholesterol has been substituted for total cholesterol in these adjusted models.

§HDL and LDL cholesterol have been substituted for total cholesterol in these adjusted models.
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analysis provides the most comprehen-
sive and detailed description, to date, of
the observational epidemiological asso-
ciations between plasma fibrinogen level
and a range of different chronic disease
outcomes and demonstrates moder-
ately strong associations in a wide range
of circumstances.
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In Reply: Drs Tepper and Whitehead and Messrs Filion and
Delaney express concern about several variables that may
account for our study results. They suggest that confound-
ing related to either baseline marital and employment sta-
tus or lack of any treatment during follow-up could be the
underlying explanation for the observed difference in re-
peat suicide attempt rates between the 2 groups.

We created Cox regression models adjusting for these fac-
tors. They did not explain the intervention effect when con-
trolling for marital and employment status (hazard ratio [HR],
0.51 [95% confidence interval {CI}, 0.25-1.01]; Wald
Xi=3.72; P=.054). After controlling for lack of treatment dur-
ing the 18-month follow-up period, we found a HR of 0.41
(95% CI, 0.20-0.80; Wald x3=6.42; P=.01). The increased
significance of the cognitive therapy effect after control-
ling for lack of treatment is explained by an association be-
tween no treatment and a reduced suicide reattempt rate rela-
tive to those patients who received some treatment (HR, 0.38
[95% CI, 0.19-0.74]; Wald x}=7.91; P=.005). In contrast,
neither marital status (P=.23) or employment status (P=.89)
were significantly related to suicide reattempt status, with
the differences in statistical significance after adjustment
likely due to random variation.

Tepper and Whitehead also note that just a few misclas-
sified or unknown suicide attempts could have substantial
effect on the comparison between the 2 groups. To address
this concern, sensitivity analyses were conducted to deter-
mine the potential impact of the discovery of a suicide at-
tempt among those individuals who dropped out of the study.
When a repeat suicide attempt at the time of drop out was
assumed for 1 of the patients in the control group, the sur-
vival results did not change inferentially (Wald x{=4.4 and
P=.04; log-rank x{=4.6 and P=.03). When a repeat suicide
attempt at the time of drop out was assumed for 1 of the
patients in the intervention condition, the results became
nonsignificant at the .05 level but still showed a trend (Wald
Xi=3.3 and P=.07; log-rank x{=3.4 and P=.07). These re-
sults indicate that small changes in the number of suicide
attempts during the follow-up period may have affected the
results of the study.
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Despite this limitation, there are important factors that
support the validity of the conclusions. There was consis-
tency in the effects of the intervention across several out-
come measures (ie, depression and hopelessness) that have
been identified as risk factors for suicide.! In addition, the
results of this study were consistent with those of a previ-
ous randomized trial that found a significant difference
between the cognitive behavioral intervention and usual
care groups for repeat suicide attempts at 6 months of
follow-up.?
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CORRECTIONS

Study List in Incorrect Position: In the Review entitled “Plasma Fibrinogen Level
and the Risk of Major Cardiovascular Diseases and Nonvascular Mortality: An In-
dividual Participant Meta-analysis” published in the October 12, 2005, issue of
JAMA (2005;294:1799-1809), a study list appeared in the wrong order. On page
1808, the “Independent Statistical Analyses/Secretariat” should have been the “Au-
thors/Independent Statistical Analyses/Secretariat” and the group should have ap-
peared before the “Other Members of the Fibrinogen Studies Collaboration.”

Incorrect Name of Institution: In the Commentary entitled “Filling the Gaps in Bar-
iatric Surgical Research” published in the October 19, 2005, issue of JAMA (2005;
294:1957-1960), the wrong institution name appeared. On page 1960, in col-
umn 1, inline 1, the “University of Pennsylvania Medical Center Health Plan” should
have been the “University of Pittsburgh Medical Center Health Plan.”

©2005 American Medical Association. All rights reserved.

Downloaded From: by a London Sch of Hygiene & Tropical Medicine User on 05/05/2018





