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Essentials

« We performed repeated measurements of C-reactive
protein (CRP) and obesity in a cohort study.

* CRP was associated with risk of myocardial infarction
and venous thromboembolism.

¢ CRP was a mediator for risk of myocardial infarction
in obese men and women.

* CRP was a partial mediator for risk of venous throm-
boembolism in obese women, but not in men.

Summary. Background: Low-grade inflammation in
obesity may be a shared pathway for the risk of venous
thromboembolism (VTE) and myocardial infarction
(MI). Objectives: To investigate the associations between
repeated measurements of C-reactive protein (CRP) and
the risks of MI and VTE, and to explore whether CRP
mediated these risks in obese subjects. Methods: CRP
and obesity measures were collected from 15 134 subjects
who participated in one or more surveys of the Tromse
study in 1994-1995, 2001-2002, or 2007-2008. Incident
VTEs and MIs were registered until 1 January 2011.
Time-varying Cox regression models were used to calcu-
late hazard ratios of MI and VTE according to categories
of CRP and obesity measures. Results: There were 291
VTEs and 920 MIs during follow-up. High levels of CRP
>3 mg L' versus <1 mgL™") were associated with
increased risks of MI (hazard ratio [HR] 1.73; 95%
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confidence interval [CI] 1.32-2.26) and VTE (HR 1.84;
95% CI 1.22-2.78) in women, but only with MI in men
(HR 1.93; 95% CI 1.53-2.44). All obesity measures
showed stronger associations with CRP in women than in
men. In obese women (body mass index [BMI] of
>30 kg m 2 versus < 25 kg m~?), adjustment for CRP
attenuated the risk estimate for VTE by 22%, whereas
the incidence rates of VTE increased with combined cate-
gories of higher BMI and CRP. No association was
found in men. Conclusions: Our findings suggest that
low-grade inflammation, assessed by measurement of
CRP, is associated with the risks of MI and VTE, and
may be a shared pathway for MI and VTE in obesity.

Keywords: cardiovascular diseases; inflammation; obesity;
risk factors; venous thrombosis.

Introduction

Although obesity has consistently been shown to be a
shared risk factor for myocardial infarction (MI) and
venous thromboembolism (VTE) [1,2], it is not known to
what extent the risk is mediated through the same under-
lying mechanism(s). Insulin resistance and its related clus-
ter of atherosclerotic risk factors are key abnormalities
linking obesity to arterial thrombosis [3]. However, sev-
eral studies have shown that these cardiometabolic conse-
quences of obesity have little impact on VTE risk [1,2.4].
Growing evidence suggests that inflammation plays a
pivotal role in cardiovascular risk in obese subjects [5,6].
High-sensitivity C-reactive protein (CRP), which is a sen-
sitive marker of inflammation, is robustly associated with
an increased MI risk [7]. In obesity, visceral adipose tissue
is infiltrated by macrophages, which secrete inflammatory
substances such as tumor necrosis factor and interleukin-
6 [8]. The regulation of CRP synthesis in the liver is
thought to be driven by interleukin-6 [9], and inflamed
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adipose tissue may even produce CRP [10]. Thus, the
level of CRP is closely related to inflammation in adipose
tissue [6].

In contrast to the consistent association between CRP
and MI risk in prospective studies, conflicting results have
been reported for the association between CRP and VTE
risk [11-16]. Temporary fluctuations and changes in CRP
levels over time may result in underestimation of the true
association between exposure and outcome (regression
dilution bias) [17], particularly in cohorts with long fol-
low-up. Accordingly, this phenomenon may partly explain
why no association between CRP and VTE has been
reported in some cohorts with relatively long follow-up
[11,18].

An approach to minimize the impact of regression dilu-
tion bias is to perform time-varying analyses. When mod-
ifiable variables are measured at different time points
within the same individual during the study period, time-
varying analysis will allow for changes in exposure status
during follow-up. By taking repeated measurements into
account, we aimed to investigate the associations between
CRP and the risks of MI and VTE, and to explore
whether CRP partly mediated these risks in obese sub-
jects.

Materials and methods

Study population

Participants were recruited from the fourth, fifth and
sixth surveys of the Tromse study (conducted in 1994—
1995, 2001-2002, and 2007-2008, respectively) [19]. The
Tromse study is a single-center prospective cohort study,
in which inhabitants living in the municipality of Tromse,
Norway were invited to participate. Overall participation
rates were high, ranging from 78% in Tromse 4 to 66%
in Tromse 6. Participants were aged 25-89 years at study
entry. A detailed description of study participation has
been published elsewhere [19]. Subjects with a known pre-
baseline history of VTE (n = 121) or MI (n = 978) were
excluded from the study. Furthermore, subjects were
excluded if they had missing values for CRP in all surveys
(n = 306). Thus, our study population consisted of 14 981
unique subjects. Individuals who attended multiple sur-
veys had exposure data updated at each survey, and con-
tributed with one observation per survey, yielding 22 697
observations in total (Fig. 1). The study was approved by
the Regional Committee of Medical and Health Research
Ethics, and all participants gave their informed written
consent to participate.

Measurements

Data were collected by physical examination, from non-
fasting blood samples, and from self-administered ques-
tionnaires, and were updated at each survey. Height and

Tromsg 4 Tromsg 5 Tromsg 6 End
(1994-1995) (2001-2002) (2007-2008) (2011)
n=2977 @ . L 4
n=1546 @ .
n=201 @ @
n=1331 &
n=690 ® ®
n=137
n= 8099 —

Fig. 1. Overview of study inclusion. Dots indicate participation at
the survey, and arrows indicate observation periods. A total of

14 981 unique individuals were included in the study. Of these, 2977
individuals participated in all three surveys, 2437 participated in two
of three surveys, and 9567 participated in only one survey.

weight were measured with subjects wearing light clothing
and no shoes. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in
meters (kg m~?). Waist circumference (WC) was mea-
sured in centimeters at the umbilical line. Hip circumfer-
ence (HC) was measured in centimeters at the widest
point at the hips. The waist-to-hip ratio was calculated by
dividing WC by HC. The waist-to-height ratio (WHtR)
was calculated by dividing WC by body height in cen-
timeters. Information on self-reported diabetes, physical
activity and current smoking was collected from self-
administered questionnaires. Physical activity was defined
as exercise with sweat production and breathlessness for
> 1 h per week during leisure time. Non-fasting blood
samples were collected from an antecubital vein. High-
sensitivity CRP was analyzed in thawed aliquots after
storage at — 70 °C (Tromse 4) or — 20 °C (Tromso 5
and Tromse 6) with a particle-enhanced immunoturbidi-
metric assay on a Modular P (Tromse 4 and Tromse 6)
or Hitachi 917 (Tromse 5) autoanalyzer (Roche Hitachi,
Mannheim, Germany), with reagents from Roche Diag-
nostics (Mannheim, Germany). Samples from Tromse 4
were analyzed after 12 years of storage, and samples from
Tromse 5 and Tromse 6 were analyzed in batches at the
time of the surveys. The lower detection limit of the high-
sensitivity CRP assay was 0.03 mg L™', and measure-
ments of CRP lower than 0.03 mg L~! were therefore set
at this value. The analytical coefficient of variation for
CRP levels between 0.1 mg L™' and 20 mg L™' was
< 4%. Blood pressure, serum lipid levels and glycosylated
hemoglobin were measured as previously described [20].

Outcome assessment for VTE

All first lifetime events of VTE were identified by search-
ing the hospital discharge diagnosis registry, the autopsy
registry and the radiology procedure registry at the
University Hospital of North Norway (UNN) from the
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date of enrollment in the Tromse study (1994-1995) to 1
January 2011, as previously described [20]. All hospital
care and relevant diagnostic radiology in the Tromse
municipality is provided exclusively by this hospital. The
medical record for each potential VTE case was reviewed
by trained personnel. A potential VTE event derived from
the hospital discharge diagnosis registry or the radiology
procedure registry was recorded when the presence of
clinical signs and symptoms of deep vein thrombosis or
pulmonary embolism were combined with objective con-
firmation tests (compression ultrasonography, venogra-
phy, spiral computed tomography, perfusion—ventilation
scan, pulmonary angiography, or autopsy), and resulted
in a VTE diagnosis that required treatment. VTE cases
from the autopsy registry were recorded when the death
certificate indicated VTE as cause of death or a significant
condition associated with death.

Outcome assessment for Ml

Adjudication of hospital and out-of-hospital events was
performed by an independent endpoint committee, and
was based on data from hospital and out-of-hospital jour-
nals, autopsy records, and death certificates. The national
11-digit identification number allowed linkage to national
and local diagnosis registries. Cases of incident MI were
identified by linkage to the discharge diagnosis registry at
the UNN with a search for ICD 9 codes 410-414 in the
period 1994-1998, and thereafter ICD 10 codes 120-125.
The hospital medical records were retrieved for case vali-
dation. Modified World Health Organization MONICA/
MORGAM [21] criteria for MI were used, and included
clinical symptoms and signs, findings in electrocardio-
grams, values of cardiac biomarkers, and autopsy reports
when applicable. Furthermore, linkage to the National
Causes of Death Registry at Statistics Norway allowed
identification of fatal incident cases of MI that occurred
as out-of-hospital deaths, including deaths that occurred
outside of Tromse, as well as information on all-cause
mortality. Information from the death certificates was
used to collect relevant information on the event from
additional sources such as autopsy reports and records
from nursing homes, ambulance services, and general
practitioners.

Statistical analyses

Follow-up time and risk estimates were calculated sepa-
rately for VTE and MI. For each participant, person-
years of follow-up were accrued from the date of survey
attendance to the date when the event of interest (e.g.
VTE or MI) occurred, to the date on which the partici-
pant died or officially moved from the municipality of
Tromse, or up to the end of the study period (1 January
2011). Subjects who attended more than one survey con-
tributed with one observation period per attended survey,
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and both exposure and confounder information was
updated at each survey (Fig. 1). Observations of a CRP
level of > 10 mg L™' (n = 1 011) were excluded from fur-
ther analysis to avoid possible acute-phase reactions. Sub-
jects who died (n=1385 or moved from the
municipality of Tromse (n = 743) during the follow-up
period were censored from the date of death or migra-
tion, respectively.

Statistical analyses were carried out with sTATA (ver-
sion 13; Stata Corporation, College Station, TX, USA)
and Rr (version 3.03 for Windows). Normality of the inde-
pendent variables was assessed by visual inspection of
probability plots and histograms of the residuals. CRP
showed a right-skewed distribution, and was log-trans-
formed when used as a continuous variable. Pearson cor-
relation coefficients were calculated between CRP and the
anthropometric measures.

Cox proportional hazards regression models were used
with age as the time-scale [22]. CRP was categorized into
low-risk (< 1.0 mg L7h, intermediate-risk (1.0—
3.0 mg L") or high-risk (> 3.0 mg L") groups, accord-
ing to the American Heart Association and Centers for
Disease Control and Prevention (AHA/CDC) guidelines
for cardiovascular risk [23]. We calculated sex-specific
incidence rates and hazard ratios (HRs) with 95% confi-
dence intervals (Cls) for MI and VTE, using the low-risk
group as reference, in models adjusted for smoking, and
models adjusted for smoking, physical activity, and BMI.

Next, we estimated HRs with 95% ClIs of MI and VTE
across predefined categories of BMI and WHtR. BMI
and WHtR were chosen for these analyses because they
showed the highest correlations with CRP in women and
men, respectively. For BMI, overweight was defined as a
BMI of 25-29.9, and obesity as a BMI of > 30 [24],
whereas WHtR was dichotomized with boundary ratio
set at 0.5 [25]. In order to address the impact of CRP on
the relationship between obesity and the two outcomes,
we performed analyses in a model adjusted for smoking
(Model 1), and then subsequently added CRP to the
model (Model 1 + CRP). By using bootstrapping, we
tested whether CRP mediated the associations between
obesity measures and the two outcomes. We generated
10 000 replicate samples with replacement, and calculated
the 95% ClIs of the change in HRs when CRP was added
to the models. Percentage changes in HRs were calculated
by use of the formula ((HR with CRP adjustment — HR
without CRP adjustment]/[HR without CRP adjust-
ment — 1]) x 100%. CIs were calculated from the 2.5th
and 97.5th percentiles of the replicate sample distributions
[26]. Finally, we included a model in which we adjusted
for smoking, physical activity, CRP, and obesity-related
atherosclerotic risk factors (systolic blood pressure, total
cholesterol, HDL cholesterol, triglycerides, HbA ¢, and
self-reported diabetes mellitus) (Model 2).

To assess the joint effect of high BMI and a high CRP
level on the risks of the outcomes (i.e. MI and VTE), the
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other eight constellations of BMI and CRP were com-
pared with normal weight and a low CRP level (BMI of
<25 and CRP level of < 1.0 mg L™"). We calculated inci-
dence rates and HRs with 95% CIs in models adjusted
for smoking.

Statistical interactions between anthropometric mea-
sures, CRP and the other variables in the models were
tested, and no interactions were found. The proportional
hazards assumption was verified by evaluating the paral-
lelism between the curves of the log—log survivor function
for different categories of the variables.

Results

The mean age at inclusion was 59 + 12 years (range, 25—
87 years) in men and 60 £ 12 years (range, 25-89 years)
in women. There were 920 incident MIs and 291 incident
VTEs during a median follow-up of 3.1 years (range,
0.01-16.3 years). Of these subjects, 26 experienced MI
and VTE during follow-up. For MI, the overall crude
incidence rates per 1000 person-years were 12.3
(95% CI 11.2-13.3) in men and 6.1 (95% CI 5.5-6.7) in
women. The corresponding figures for VTE were 2.7
(95% CI 2.2-3.2) and 2.8 (95% CI 2.4-3.2).

The characteristics of the study population are shown
in Table 1. The distribution of CRP and traditional
atherosclerotic risk factors was similar between genders.
The correlation coefficients between obesity measures and
CRP are shown in Table 2. The associations between
obesity measures and CRP were stronger for women than
for men, and BMI (r=0.24 in men and r = 0.40 in
women) and WHtR (»=0.29 in men and r=0.40 in
women) showed the highest correlations with CRP. Cor-
relations between the different anthropometric measures
are shown in Table S1.

Risk estimates for MI and VTE across AHA/CDC risk
categories of CRP are shown in Table 3. High CRP levels
(>3 mg L™ versus < 1 mg L") were significantly associ-
ated with an increased MI risk in men (HR 1.93;
95% CI 1.53-2.44) and in  women (HR 1.73;
95% CI 1.32-2.26). Women with high CRP levels had an
almost  two-fold increased VTE risk (HR 1.84;
95% CI 1.22-2.78) as compared with those with low
CRP levels, whereas no association between CRP and
VTE risk was found in men. Further adjustment for BMI
attenuated the risk estimates for both MI and VTE.

HRs of MI across predefined risk categories of BMI
and WHtR are shown in Table 4. Among men, 17% had
a BMI of > 30 and 80% had an WHtR of > 0.5. Obese
subjects of both genders, according to these criteria, had
a higher MI risk, with the strongest associations being
seen in men. The risk estimates were substantially attenu-
ated (22-45%), and most profoundly in women, after
addition of CRP to the adjustment models (Table 4).
Additional adjustment for atherosclerotic risk factors led
to further attenuation of the HRs.

Table 1 Study population characteristics

Men (n = 6941) Women (n = 8193)

No. of observations* 10 072 12 625

Age (years), mean + SD 589 + 11.6 59.6 + 11.9

BMI (kg m™2), 26.8 + 3.6 26.4 + 4.5
mean + SD

Overweight 51.2 (5157) 38.5 (4863)
(BMI of 25-29.9), % (n)

Obesity (BMI of > 30), 16.6 (1670) 19.1 (2417)
% (n)

Waist circumference 97.1 +10.3 87.7 + 12.0
(cm), mean + SD

Hip circumference 103.3 £ 6.4 103.1 £ 8.9
(cm), mean £+ SD

Waist-to-hip ratio, 0.94 + 0.07 0.85 + 0.07
mean + SD

Waist-to-height ratio, 0.55 + 0.06 0.54 £ 0.08
mean + SD

CRP (mg L"), 1.9 (0.7-2.4) 1.9 (0.6-2.4)
median (IQR)

Systolic blood pressure 141 £ 20 138 + 25
(mmHg), mean £ SD

Total cholesterol 6.0 + 1.2 6.2 + 1.3
(mmol L"), mean + SD

HDL cholesterol 14 +£04 1.6 £ 0.4
(mmol L"), mean + SD

Triglycerides (mmol L™, 1.7 £ 1.1 1.4 £0.38
mean + SD

Diabetes mellitus, % (1) 1.8 (158) 1.8 (197)

Smoking, % (n) 25.1 (2510) 24.7 (3085)

BMI, body mass index; CRP, C-reactive protein; IQR, interquartile
range; SD, standard deviation. *Subjects contributed with one obser-
vation per attended survey.

Table 2 Pearson’s correlation coefficients (r) for the association
between C-reactive protein (CRP)* and anthropometric measures

Men Women

Anthropometric

measure Pearson’s r P Pearson’s r P
Body mass index 0.24 <0.001 0.40 < 0.001
Waist circumference  0.27 <0.001 0.38 < 0.001
Hip circumference 0.13 <0.001 0.33 < 0.001
Waist-to-hip ratio 0.28 <0.001 0.27 < 0.001
Waist-to-height ratio  0.29 <0.001 0.40 < 0.001

*CRP log-transformed.

Obesity was associated with higher risk estimates for
VTE in both genders (Table 5). However, the effects of
adjusting for CRP were more pronounced in women, with
attenuation of the risk estimates by 16-22%, as compared
with 4-7% in men. Further adjustment for atherosclerotic
risk factors had a minor impact on the HRs. Correspond-
ing analyses were also performed separately for provoked
and unprovoked VTE. There were no significant differ-
ences between provoked and unprovoked VTE (12-18%
versus 14% attenuation in analysis including both gen-
ders), but the numbers of events in the subgroups were
too low to give reliable results.

© 2016 International Society on Thrombosis and Haemostasis
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Sex-specific crude incidence rates (per 1000 person-
years) of MI and VTE across combined categories of
BMI and CRP are shown in Fig. 2. For MI, subjects of
both genders with the highest CRP levels and highest
BMIs had the highest incidence rates. In women, there
was a clear additive effect of high BMI and CRP level on
VTE incidence rates (Fig. 2), whereas in men there was
no such pattern. The corresponding HRs with 95% ClIs
according to the combined categories are shown in
Table S2.

Discussion

We aimed to investigate the impact of chronic low-grade
inflammation, as assessed by repeated measurements of
CRP during follow-up, as a potential common pathway
for the risks of arterial and venous thrombosis in obese
subjects. All obesity measures showed stronger correla-
tions with CRP in women than in men. Serum CRP levels
were associated with increased MI risk in both genders,
and the risk estimates for MI in obese subjects were
attenuated by 22-45% after adjustment for CRP. In
women, high CRP levels were associated with VTE risk,
and in obese women the risk was moderately (16-22%)
attenuated after adjustment for CRP. Our findings sug-
gest that chronic low-grade inflammation may be a shared
pathway for obesity-related MI and VTE, but that its
impact is less in VTE, particularly in men.

Population-based studies have shown that CRP is con-
sistently associated with obesity [27,28], and the ability of
CRP to predict cardiovascular disease has been confirmed
in > 20 cohorts [7]. However, previous results regarding
the association between CRP and VTE risk have given
discrepant results. There is growing evidence in support
of our hypothesis that regression dilution bias resulting
from intraindividual variation in inflammatory markers
camouflages a true, but moderate, impact of low-grade
inflammation on VTE risk in studies with long-term fol-
low-up. First, several prospective cohorts, including previ-
ous findings from the Tromse study, which based their
results merely on baseline CRP measures, reported no
association between CRP and VTE risk [11,14,18]. Sec-
ond, the otherwise robust association between CRP and
VTE reported in the HUNT study was not present in
subjects with > 3 years between blood sampling and the
VTE event [29]. However, other cohorts with long follow-
up have demonstrated an almost two-fold increased VTE
risk [12,30].

Our findings suggest a sex-specific relationship between
CRP, obesity, and VTE risk. First, we showed that all
obesity measures showed stronger associations with CRP
in women than in men. Second, the association between
obesity measures and VTE risk was moderately attenu-
ated after adjustment for CRP in women, but not in men.
Accordingly, no association was found between CRP and
VTE risk in the Physicians’ Health Study, which included
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Fig. 2. Sex-specific crude incidence rates per 1000 person-years of myocardial infarction (MI) and venous thromboembolism (VTE) across con-
stellations of C-reactive protein (CRP) and body mass index (BMI). (A) Men, MI. (B) Men, VTE. (C) Women, MI. (D) Women, VTE.

only male subjects [16]. Third, the incidence rates of VTE
increased with higher predefined combined categories of
CRP and obesity measures in women, but not in men.

Recently, Olson e al. investigated the effect of the
association of CRP, albumin, white blood cell count and
platelet count on VTE risk in a large mixed cohort of
white and black Americans (n = 30 239), with a follow-up
of 4.6 years (the REGARDS study) [15]. In agreement
with our findings, their data suggested that the associa-
tion between BMI and VTE was partially (13% and 21%
in the overweight and obese categories, respectively)
mediated by CRP [15]. Unfortunately, they did not report
gender-specific analyses.

Inflammatory substances released by adipose tissue
induce insulin resistance and endothelial dysfunction,
which can promote atherosclerosis and arterial thrombo-
sis [31]. Furthermore, inflammation stimulates the synthe-
sis of plasminogen activator inhibitor 1, tissue factor,
fibrinogen, and potentially other factors involved in the
coagulation cascade [32,33]. Plasma levels of plasminogen
activator inhibitor 1 and factor VIII are elevated in obe-
sity [34], and high levels of these factors have been associ-
ated with increased VTE risk in several studies [14,35].

Unlike for MI, the increased risk of VTE in obesity is not
dependent on central obesity. In fact, a high HC, espe-
cially in women, is a strong risk factor for VTE [20,36].
HC is, to a greater extent, correlated with subcutaneous
fat [37], which shows a much lower correlation with
inflammatory markers [6]. In the INTERHEART study,
the investigators found an inverse relationship between
HC and the risk of MI [38], which supports the concept
of different causal pathways for VTE and MI
Atherosclerosis is a key component for the development
of MI, but does not play a central role in the develop-
ment of VTE [39-41]. Obesity-induced inflammation may
enhance both atherosclerosis and coagulation, and
thereby promote the risk of MI in obese individuals. In
contrast, the procoagulant effects of obesity-induced
inflammation alone may not be sufficient to cause VTE.
Thus, other mechanisms, such as hampered venous flow
in obese individuals resulting from increased intra-abdom-
inal pressure, or the procoagulant effects of adipokines or
extracellular vesicles [42], might be more important for
VTE risk.

The main strengths of our study are the prospective
design with repeated measurements, long-term follow-up,
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large number of participants, and validated VTE and MI
events. All hospital care in the region is exclusively pro-
vided by a single hospital, which facilitates the complete-
ness of our outcome registries. However, it is possible
that a few cases (e.g. in nursing homes) could have been
treated without a confirmed diagnosis. Likewise, pul-
monary embolisms presenting as out-of-hospital sudden
deaths might have been misclassified. The use of frozen
blood samples for analysis may introduce bias if the sta-
bility of the measured biomarker is affected by freezing,
thawing, or by storage itself. In the present study, CRP
was analyzed in thawed serum aliquots after 12 years
(Tromse 4) or in consecutive batches during the course of
the study (Tromse 5 and Tromse 6), with no freezing—
thawing cycling before measurement. Previous studies
examining CRP stability in frozen samples found a high
correlation between CRP values obtained before and after
storage [43,44]. As CRP is merely a marker of inflamma-
tion, and probably not a causative agent [45], inflamma-
tory activity not detected by measurement of CRP might
still be present. However, levels of CRP are closely
related to levels of both circulating and adipose tissue
tumor necrosis factor and interleukin-6 [46,47]. Invasive
samples are required for direct measurement of inflamma-
tory activity in the adipose tissue, and these are more sui-
ted for experimental studies. Both anthropometric
measures and CRP are modifiable risk factors, and the
time from registration of exposure to end of follow-up is,
despite repeated measurements, relatively long, which
increases the chance of regression dilution. However, sub-
jects tend to have stable CRP concentrations; the intrain-
dividual correlation coefficient of serum levels of CRP
measured years apart is ~ 0.5, which is comparable to
that of cholesterol [48]. As body weight tends to increase
with age [49], the inflammation associated with obesity
probably also increases, potentially leading to underesti-
mation of the true risks. Statin therapy lowers CRP levels
[50], and, unfortunately, we did not have reliable informa-
tion on statin use. However, the degree of exposure mis-
classification will be similar for the two outcomes.

In conclusion, our findings suggest that CRP is associ-
ated with the risks of both MI and VTE, and partly
mediates the association between obesity and MI and
VTE, particularly in women.
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