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Summary

Background—Sickle cell trait may increase risk of venous thromboembolism, but this is not
fully established.

Objectives—We sought to determine the association of sickle cell trait with deep vein
thrombosis and pulmonary embolism.

Methods—Middle-aged African Americans participating in a prospective, population-based
cohort investigation, the Atherosclerosis Risk in Communities Study, were followed from 1987
through 2011 for incident hospitalized pulmonary embolism (n = 111) or isolated deep vein
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thrombosis (h = 138), verified by physician review of medical records. Sickle cell trait
(heterozygosity for hemoglobin S, n = 268) was compared with no sickle cell trait (n = 3,748).

Results—Over a median of 22 years of follow-up, 249 participants had an incident venous
thromboembolism. The hazard ratio of venous thromboembolism was 1.50 (95% CI 0.96, 2.36)
for participants with versus without sickle cell trait, after adjustment for age, sex, ancestry,
hormone replacement therapy (women), body mass index, diabetes, and estimated glomerular
filtration rate. This hazard ratio was 2.05 (95% CI 1.12, 3.76) for pulmonary embolism and 1.15
(95% C1 0.58, 2.27) for deep vein thrombosis without pulmonary embolism.

Conclusions—Sickle cell trait in African Americans carries a 2-fold increased risk of
pulmonary embolism, but does not elevate deep vein thrombosis risk. Because neonatal screening
for sickle hemoglobin is being conducted in the United States currently, consideration should be
paid to the increased pulmonary embolism risk of individuals with sickle cell trait.
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epidemiology; prospective study; risk factors; sickle cell trait; venous thromboembolism

Introduction

Sickle cell disease (homozygosity for hemoglobin S (HbSS)) increases the risk of venous
thromboembolism (VTE), particularly pulmonary embolism (PE) [1-3], and is associated
with coagulation abnormalities, such as enhanced thrombin generation [4]. The enhanced
thrombin generation in sickle cell disease is thought to be a result of multiple component
mechanisms involving all the cellular elements of the blood and vascular endothelial cells

[5].

In contrast, sickle cell trait (heterozygosity for HbS (HbAS)) has not been widely recognized
as a risk factor for VTE, despite evidence that chronic hemostatic abnormalities such as
elevated D-dimer are present in affected individuals [6]. To date, only three large-scale
studies have evaluated the risk of VTE related to sickle cell trait. A case-control study of
African Americans reported a 1.8 (95% CI 1.2-2.9) fold increased risk of VTE and 3.9 (95%
Cl 2.2-6.9) fold increased risk for isolated PE in individuals with sickle cell trait compared
with controls without sickle cell trait [7]. Two hospital-based record linkage studies reported
an approximately 40% increased risk of PE for sickle cell trait [8, 9].

To expand existing evidence on this topic, we conducted a prospective study of sickle cell
trait with incidence of venous thromboembolism among African American participants in
the Atherosclerosis Risk in Communities (ARIC) Study cohort. In addition, we determined
the association of HbAS with hemostatic factors measured in the ARIC cohort.

Materials and methods

Study population

The ARIC Study [10] and its methods for identification and classification of VTE have been
described in detail elsewhere [11, 12]. In brief, 15,792 men and women aged 45 to 64 years
enrolled in the ARIC study in 1987-1989, and had subsequent examinations in 1990-92,

J Thromb Haemost. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Folsom et al.

Page 3

1993-95, and 1996-98 and annual telephone contact. The 4,266 African-Americans were
mostly enrolled from Jackson, MS (n = 3,728) and Forsyth County, NC (n = 483), but a few
enrolled from suburban Minneapolis, MN (n = 22) and Washington County, MD (n = 33).
The institutional review committees at each study center approved the methods, and staff
obtained informed participant consent.

Measurement of sickle trait and VTE risk factors

At ARIC visits, staff drew and processed blood samples, and DNA was isolated. Carriers of
HbS were identified from biallelic variation [missense change (Glu7Val) — labeled Glu6Val
in older literature] in the single nucleotide polymorphism, rs334, and were grouped into
HbSS, HbAS, and no HbS (wild type). In addition, carriers of HbC were identified from
rs33930165 [missense change (Glu7Lys) — labeled Glu6Lys in older literature], and were
grouped into HbCC, HbAC, and no HbC (wild type). Individuals who were compound
heterozygous for both HbS and HbC (HbSC) were grouped separately. Genotyping was
performed using functionally tested TagMan® SNP Genotyping Assays in accordance with
manufacturer protocols (Life Technologies, Grand Island, NY; www.lifetechnologies.com).
The following custom primer and probe sequences were used to capture biallelic variation:
rs334 (A/T) Forward-TCAAACAGACACCATGGTGCAT, Reverse-
CCCCACAGGGCAGTAACG, VIC-CTGACTCCTGAGGAGAA-MGB, 6FAM-
CTGACTCCTGIGGAGAA-MGB; and rs33930165 (A/G) Forward-
AAACAGACACCATGGTGCATCT, Reverse-CCCCACAGGGCAGTAACG, VIC-
CAGACTTCTCCTTAGGAGTC-MGB, 6FAM-ACTTCTCCTCAGGAGTC-MGB
(designed on complement strand). PCR product in a 5.5 pL reaction volume was amplified
utilizing 0.9 UM of each forward and reverse primer, 0.2 uM of each FAM and VIC
sequence-specific probe, 3 ng DNA, and 1X TagMan® Universal PCR Master Mix
containing AmpliTaq Gold DNA Polymerase and no AmpErase UNG. After an initial step
of 10 min at 95°C, the products were amplified using 50 cycles of 15 s at 92°C and 1 min at
60°C. Allele detection and genotype calling were performed using the ABI 7900HT and the
Sequence Detection System software (Life Technologies, formerly Applied Biosystems).
DNA sequencing had also been performed on 2,768 overlapping individuals using Illumina
HiSeqs after exome capture with NimbleGen’s VChrome2.1. Genotypes were derived using
Mercury [13], and results for HbS and HbC were compared with TagMan® results.
Genotyping of 43 individuals with discordant genotypes (HbS n = 36 and HbC n = 10; 3
individuals were discrepant at both sites) was repeated and 288 samples that had previously
been genotyped were also included to establish clustering patterns. Discrepancies were
adjudicated by review of quality control data and re-genotyping to yield the final HbS and
HbC classifications.

Hemoglobin, hematocrit, white blood cell count and differential were measured by standard
methods on fresh samples at local laboratories. Monocyte count was estimated from the
white cell count times the monocyte proportion. Other blood assays were performed in
central research laboratories. Diabetes was defined as a fasting blood glucose of 126 mg/dl
or higher, non-fasting blood glucose of 200 mg/dl or higher, a reported physician diagnosis
of diabetes, or reported use of antidiabetic medication in the past 2 weeks. Glomerular
filtration rate (eGFR) was estimated from creatinine using the Chronic Kidney Disease
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Epidemiology Collaboration (CKD-EPI) algorithm [14]. Body mass index was calculated as
weight (kg)/height (m)2. Activated partial thromboplastin time (aPTT), factor VIII, von
Willebrand factor, factor VII, fibrinogen, protein C, and antithrombin I11 were measured as
previously described [15, 16]. In order to control for population stratification in African
Americans, we used exome chip data [13] to derive ten principal components of ancestry
using EIGENSTRAT [17].

VTE occurrence

ARIC participants were contacted annually by phone and asked about all hospitalizations in
the previous year. Hospital records with discharge diagnoses for possible VTE events were
obtained from baseline through 2011. To validate the VTE events, two physicians reviewed
the records using standardized criteria [11]. A diagnosis of deep vein thrombosis (DVT) or
PE required positive imaging tests. We restricted DV Ts for this analysis to those in the
lower extremity or vena cava, because upper extremity DVTs were relatively few and
almost always the result of venous catheters. Cases were classified by the reviewers as
provoked (associated with cancer, major trauma, surgery, marked immobility) or
unprovoked.

Statistical analysis

Of the 4,266 self-reported African American ARIC participants at baseline, we excluded
those who declined DNA use for research and those for whom genotyping of either HbS or
HbC was unsuccessful (n = 146), reported a VTE prior to baseline (n = 78), or were taking
anticoagulants at baseline (n = 14). This left a maximum of 4,028 participants for the present
analyses (n = 4,019 for HbS and n = 4,027 for HbC).

Analyses were done separately for sickle cell trait versus no sickle cell trait (ignoring HbC)
and for HbAC versus no HbC (ignoring HbS). Thus, the reference group was analysis-
specific. We compared means or prevalences of various characteristics for sickle cell trait
(yes, no) or HbC (yes, no) using t-tests or chi-squared tests. Our main hypothesis was that
sickle trait would be associated with increased VTE incidence. Time at risk was computed
from the baseline to the earliest of the following: date of hospital discharge with incident
VTE, date of death, date of last follow-up contact, or end of follow-up. Cox proportional
hazards models were used to calculate hazard ratios (HR) and 95% confidence intervals of
incident VTE. We verified the proportional hazards assumption of the Cox models by
inspection of In(-In) survival curves for sickle trait (yes, no). We selected possible
confounding variables for regression models based on previous prospective findings from
the Longitudinal Investigation of Thromboembolism Etiology (LITE) [12, 15, 16]. Model 1
adjusted for age (continuous), sex, and ten principal components of ancestry; Model 2 for
age, ancestry, sex/hormone replacement therapy (male, female on HRT, female not on
HRT), diabetes status (yes or no), body mass index (continuous), and eGFR (categorized =
90, 60-90, <60 ml/min/1.73m2); Model 3 additionally for factor V11l and aPTT (both
continuous); and Model 4 added other hemostatic factors. Adjustment for hemoglobin,
hematocrit, or monocyte count was also explored but dropped as noncontributory.
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Results

Descriptive data

Among the 4,019 African Americans with HbS genotyping, 93.3% had no HbS, 6.7% had
sickle cell trait (HbAS), and 0.07% (n = 3) had HbSS. For HbC, 97.5% had no HbC, 2.5%
were HbAC, and 0.02% (n = 1) were HbCC; 0.12% (n = 5) were HbSC.

As shown in Table 1, demographic, hemostatic factors and other baseline characteristics
were similar between participants with versus without sickle cell trait, with the exceptions
that participants with sickle cell trait had somewhat lower eGFR values and higher mean
factor VII, von Willebrand factor, and protein C values. Participants with HbAC were
similar to those without HbC on all baseline characteristics, except estimated monocyte
count (Table 1).

Associations with total VTE

Over a median of 22 years of follow-up, 249 participants had an incident VTE. As shown in
Table 2 and Figure 1, panel (a), the crude incidence rate of VTE per 1,000 person-years
among individuals with sickle cell trait was 4.83 (95% CI 3.24, 7.20), 1.58 fold greater (95%
Cl 1.04, 2.40) than those with no HbS. Although those with HbSS had about a 28.7-fold
greater hazard, this was based on only one VTE occurrence among three HbSS participants
and thus was a very imprecise estimate. HbAC did not appreciably increase VTE risk and is
not discussed further.

Table 3 shows that adjustment for age, sex, and ancestry raised the hazard ratio for sickle
cell trait to 1.60 (95% CI 1.05, 2.45). This hazard ratio was 1.63 (95% ClI 0.82, 3.25) for
unprovoked VTE (n =88 VTES) and 1.64 (95% CI 0.96, 2.79) for provoked VTE (n = 147
VTESs). Adjustment for other VTE risk factors (Models 2 and 3) attenuated the hazard ratio
of sickle cell trait on VTE to a hazard ratio near 1.5. Additional adjustment for other
hemostatic factors (Model 4) had no further impact.

Associations with PE versus DVT

Strikingly, those with versus without sickle cell trait had a 2-fold greater risk of PE, with or
without DVT (Figure 1), and in all adjustment models (Table 3). In contrast, HbAS showed
no appreciable association with isolated DVT.

Discussion

This prospective population-based study of African Americans found that sickle cell trait
was associated with an approximately 1.5-fold increased risk of VTE, compared with those
without any HbS allele, primarily due to a 2-fold increased risk of PE. HbAC was not
associated with VTE risk, as previously reported [7-9]. Our results are consistent with the
only previous three investigations on sickle cell trait and VTE. One, a case-control study [7],
reported that sickle cell trait carried a 1.8-fold increased risk of VTE (95% CI 1.2, 2.9),
principally for PE (odds ratios = 3.9 for PE only and 2.5 for PE with DVT). Likewise, record
linkage studies reported PE odds ratios of 1.46 (95% CI 1.14, 1.89) in Veterans
Administration hospitals and 1.37 (95% CI 1.07, 1.75) in a large California HMO, with no
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significantly increased risk for DVT [8, 9]. Sickle cell disease (HbSS) also has been
associated with a 3-fold greater co-occurrence of PE hospitalization, but no excess risk of
DVT [2], compared with other African Americans.

Our study demonstrated that the increased VTE risk associated with sickle cell trait is not
due to confounding by several other risk factors, nor is it appreciably mediated by altered
levels of several hemostasis variables. Among the hemostasis variables available in all
ARIC participants, those most strongly associated with VTE in ARIC were factor VIII (or
highly correlated von Willebrand factor) and aPTT [15, 16]. We found participants with
sickle cell trait had modestly higher factor VIII and von Willebrand factor levels and slightly
shorter aPTT, compared with HbAA participants free of sickle cell trait (Table 1), but this
explained little of the excess PE risk for sickle cell trait (Table 3). A small clinical study
reported that sickle cell trait was associated with other coagulation abnormalities [6].
Specifically, compared with controls, patients with sickle cell trait (n = 23) had higher basal
mean values for D-dimer, thrombin-antithrombin complexes, prothrombin fragment 1.2, and
monocyte count, although levels were significantly lower than for HbSC or HbSS patients
[6]. Even though this suggests a hypercoagulable state with sickle cell trait, the controls in
that study were “random laboratory and non-laboratory personnel” and may not have been
comparable to the sickle cell trait patients on confounding factors. We did not confirm a
higher estimated monocyte count in sickle cell trait. Co-existent a-thalassemia
heterozygosity, present in up to 30% of African Americans, has been reported to reduce the
severity of the complications of sickle cell disease [18] and sickle cell trait [19] due to a
reduced intra-erythrocytic concentration of hemoglobin S that may undergo polymerization.
Unfortunately, we were unable to evaluate the effect of a-thalassemia on VTE risk in this
study.

Why sickle cell trait is a risk factor for PE, and not DVT, is unclear. Other genetic
thrombopbhilias such as prothrombin G20210A are also associated with a higher risk of PE
than DVT [20] and this difference in risk remains unexplained. If real, an association for PE
and not DVT would imply sickle cell trait may influence either (a) the composition, size,
venous adhesion, or fibrinolytic degradation of the DVT, and therefore risk to embolize; (b)
the size or symptoms of emboli in the pulmonary arterial system; or (c) the occurrence of in
situ pulmonary artery thrombi [21, 22]. With respect to possibility (a), the extreme hypoxia
present in the venous valve sinuses of the lower extremities [23], where deep vein thrombi
generally originate, may promote sickling of susceptible red cells. These sickle trait red cells
may be unusually pro-thrombotic due to abnormal membrane phosphatidylserine exposure
and may be incorporated in a venous ‘red clot’, altering clot structure [24]. Further
mechanistic studies are required to explain this “paradox”. Likewise regarding possibility
(a), elevated D-dimer in sickle cell trait [6] could be a marker of not just thrombin
generation but also hyperfibrinolysis and thus the risk to embolize. With respect to
possibility (c), in sickle cell disease, hypoxia-induced sickling in the pulmonary vasculature
is thought to lead to in situ pulmonary thrombi, contributing to the pathophysiology of acute
chest syndrome and pulmonary hypertension [25-27]. Although the degree of hypoxia in the
pulmonary arterial vasculature alone is unlikely to induce sickling in sickle cell trait, future
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studies are needed to determine if a similar mechanism may occur in the setting of additional
triggers or stress.

Several studies have suggested that not only is the VTE rate higher in African Americans
than whites, but that the proportion of VTEs that are PE also is higher in African Americans
than whites [28, 29]. One might therefore speculate that sickle cell trait, which is present in
approximately 7% of African Americans, could partly account for a higher PE proportion in
African Americans. In ARIC, however, while the rate of VTE was approximately 50%
higher in African Americans than whites [11], the proportion of VTEs that involved PE was
actually slightly lower, not higher, in African Americans than whites (45% versus 49%).

Methodological aspects of this ARIC analysis warrant consideration. Previous studies were
not population-based or prospective [7-9] or were not able to directly validate VTE
diagnoses [8, 9]. Although our study was population-based, it was not a sample of African
Americans across the entire U.S. We had a moderate number of VTESs, but the sample size
was still small enough that the confidence limits of the hazard ratio estimates were wide.
Nevertheless, the consistency of our finding with the previous reports on sickle cell trait and
VTE [7-9], and analogous findings for sickle cell disease [1-3], offers reassurance that the
association is not due to chance and may be causal. Unmeasured confounding variables
seem unlikely to explain the observed association, because sickle cell trait is genetically
determined and the association is specific for PE and not present for isolated DVT. Selection
bias at intake is unlikely in a prospective study, but could occur with differential losses to
follow-up. However, follow-up rates in ARIC were quite high. Diagnostic suspicion bias is
also unlikely, because clinicians generally would not know that a patient has sickle cell trait,
nor should they suspect PE more often in sickle cell trait carriers than other patients.
Compared to PEs, more DVTs may be subclinical and missed, or tests for DVTs may be
omitted for clear PEs; however, again, it seems unlikely that these diagnostic issues would
vary by HbS status and bias our results. ARIC missed VTEs diagnosed and treated in the
outpatient setting, but small validation studies in ARIC have found relatively few outpatient
VTESs over the course of the study.

Austin et al estimated that if sickle cell trait is present in 7% of the African American
population and doubles VTE risk, then the population attributable risk (i.e., the percentage
of VTEs in the population “caused” by HbAS) would be approximately 7%. Based on the
approximate relative risks we observed of 1.5 for total VTE and 2.0 for PE, the population
attributable risks would be 3% for VTE and 7% for PE. These are higher than the estimated
population attributable risk for the prothrombin G20210A mutation in whites [30].

Conclusions

Because testing for sickle hemoglobin is currently being performed in the United States in
several contexts, including the universal newborn screening program and college athletics,
characterization of complications of sickle cell trait is imperative to guide policy and to
inform counseling of identified sickle cell trait individuals. As clinical complications of
sickle cell trait are elucidated, the ongoing process of informing parents about their child’s
sickle trait status must involve directed genetic counseling to provide an accurate assessment
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of risks, dispel myths, and offer reproductive recommendations. Genetic counseling must
also incorporate the uncertainties of current research in sickle cell trait. Although the
population attributable risk of sickle cell trait for VTE is likely too small to impact treatment
recommendations, future research into the pathophysiology and modifying factors for VTE
among sickle cell trait carriers could be used to identify high risk individuals and improve
health outcomes.
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Figure 1.

Kaplan-Meier survival probabilities for (a) venous thromboembolism (VTE), (b) pulmonary
embolism (PE) with or without deep vein thrombosis (DVT), and (c) isolated DVT,
comparing participants with sickle cell trait versus no sickle cell trait, ARIC, 1987-2011.
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Table 1

Baseline characteristics [mean (SD) or %] of participants according to hemoglobin (Hb) S or C genotype,
ARIC African Americans, 1987-1989

HbS Genotype HbC Genotype
AS
No S (sicklecell trait) P-value NoC AC P-value
N* 3,748 268 3,926 100
Age, years 535 53.8 (5.9) 0.32 53.5 53.2(5.8) 0.60
(5.8) (5.8)
Men, % 383 42.0 0.37 38.6 35.0 0.47
Hormone replacement, women, % 135 10.1 0.23 13.4 9.2 0.33
Body mass index, kg/m? 295 29.9 (6.3) 0.39 29.5 29.7 (5.7) 0.81
(6.1) (6.1)
Diabetes, % 194 20.2 0.77 19.6 141 0.18
eGFR, ml/min/1.73m?2
290, % 86.6 80.2 86.1 88.0
60-90, % 114 16.7 0.01 11.8 11.0 0.72
<60, % 2.0 3.2 21 1.0
Hematocrit, % 40.3 40.1 (4.5) 0.59 40.3 39.5(5.4) 0.16
(4.4) (4.4)
Hemoglobin, g/dL 13.2 13.3 (1.5) 0.53 132  132(1.8) 094
(1.5) (1.5)
Monocyte count, cells/mm3 346 357 (190) 0.38 345 399 (217)  0.007
(197) (196)
Activated partial thromboplastin 29.1 29.0(3.1) 0.44 29.1 29.0(3.1) 0.75
time, sec (3.2 3.2
Factor VII, % 118 (31) 125 (35) 0.001  118(31) 115(35) 0.35
Factor VIII, % 147 (47) 153 (53) 0.06 147 (47) 151 (47) 0.40
von Willebrand factor, % 133 (55) 142 (61) 0.02 134 (56) 134 (55) 0.99
Fibrinogen, mg/dL 320 (72) 323 (78) 0.60 320 (73) 323 (64) 0.70
Protein C, pg/mL 3.1(0.6) 3.2(0.7) 0.02 3.1(06) 3.2(0.7) 0.78
Antithrombin 111, % 115 (23) 114 (23) 033  115(23) 115(19) 0.89

*
N's vary between 3,789 and 4,016 because of characteristics missing on some participants. Participants with HbSS (n = 3) or HbCC (n = 1) were
omitted from the table due to small numbers.
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Incidence rate of venous thromboembolism (VTE) according to hemoglobin (Hb) S or C genotype, ARIC

African Americans, 1987-2011

HbS Genotype HbC Genotype
AS
No S (sickle cell trait) NoC AC CcC
N at risk 3,748 268 3,926 100 1
VTE Cases™ 223 24 242 7 0
Person-years 71,109 4972 74,261 1,928 23

VTE rate (95% CIy T+ 314 (275-358)  4.83 (3.24-7.20)

Hazard ratio (95% CI) 1 (Ref.) 1.58 (1.04-2.40)

35.8 (5.04-254.0)

28.7 (3.99-206.9)

3.26 (2.87-3.70) 3.63(1.73-7.62) 0(0,0)

1 (Ref) 1.08 (051-2.30) -

*
One VTE case had missing information on HbS genotype.

TCrude VTE rate per 1,000 person years.

t

For HbS genotypes, the VTE rate per 1,000 person-years for <70 year olds was 2.10 (1.74-2.51) among No HbS and 2.65 (1.39-4.69) among

HbAS participants, and for >70 year olds was 6.40 (5.29-7.69) among No HbS and 11.7 (6.73-19.2) among HbAS participants.
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Table 3

Hazard ratios (HR) and 95% confidence intervals (Cl) of total venous thromboembolism (VTE), pulmonary
embolus, and deep vein thrombosis, in relation to hemoglobin S (HbS) genotype, ARIC African Americans,
1987-2011

Total VTE Pulmonary Embolus” Deep Vein Thrombosis|
Sickle Cell Sickle Cell Sickle Cell
Model  Successive Adjustment No S Trait No S Trait No S Trait
1 Age, sex, ancestry N eventst 21167, 24 92 14 119 10
Person-years 233 4,807 65,503 4,654 65,661 4,566
HR (95% CI) 1(Ref) 1.60(1.05-2.45) 1(Ref) 2.24(1.28-3.95) 1(Ref) 1.18(0.62-2.26)
2 Added HRT, BMI, N events 205 21 90 12 115 9
diabetes, eGFR Person-years 65,621 4,469 63,940 4,337 64,082 4,254
HR (95% Cl) 1 (Ref) 1.50(0.96-2.36) 1 (Ref) 2.05(1.12-3.76) 1 (Ref) 1.15(0.58-2.27)
3 Add aPTT, factor VIII N events 201 21 89 12 112 9
Person-years 64,101 4,367 62,481 4,235 62,578 4,152
HR (95% Cl) 1 (Ref) 1.44(0.92-2.27) 1(Ref) 2.04(1.11-3.75) 1 (Ref) 1.08(0.54-2.13)
4 Full8 N events 199 21 88 12 111 9
Person-years 62,582 4,271 60,968 4,139 61,082 4,056

HR(95% Cl) 1 (Ref) 1.44(0.91-2.27) 1(Ref) 2.13(1.15-3.94) 1(Ref) 1.05(0.53-2.09)

*
Pulmonary embolus with or without deep vein thrombosis.
TDeep vein thrombosis without pulmonary embolus.
¢Numbers of events and person-years differ from Table 2 and diminish across models due to missing data on ancestry or other adjusting variables.

§FuII: Model 3 plus factor VII, von Willebrand factor, fibrinogen, protein C, and antithrombin I11.
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Study design
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recruitment, exposure, follow-up, and data collection

Participants

(a) Cohort study—Give the eligibility criteria, and the sources and
methods of selection of participants. Describe methods of follow-up
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Statistical methods
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(a) Describe all statistical methods, including those used to control for
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(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was
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Case-control study—If applicable, explain how matching of cases and
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Results
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J Thromb Haemost. Author manuscript; available in PMC 2016 January 01.

Page 14



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Folsom et al.
Item Reported
No Recommendation on page
(c) Consider use of a flow diagram
Descriptive 14* | (&) Give characteristics of study participants (eg demographic, clinical, social) Table 1
data and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of Table 1
interest
(c) Cohort study—Summarise follow-up time (eg, average and total amount) 7
Outcome data 15* | Cohort study—Report numbers of outcome events or summary measures over 7
time
Case-control study—Report numbers in each exposure category, or summary NA
measures of exposure
Cross-sectional study—Report numbers of outcome events or summary NA
measures
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates | Tables 2
and their precision (eg, 95% confidence interval). Make clear which and 3
confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized 7
(c) If relevant, consider translating estimates of relative risk Table 2
into absolute risk for a meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and 8
sensitivity analyses
Discussion
Key results 18 Summarise key results with reference to study objectives 8
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 11
imprecision. Discuss both direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, 8-12
limitations, multiplicity of analyses, results from similar studies, and other
relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 11-12
Other information
Funding 22 Give the source of funding and the role of the funders for the present study 12-13

and, if applicable, for the original study on which the present article is based

Page 15

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of
transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at
http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information
on the STROBE Initiative is available at www.strobe-statement.org.

VVon Elm E, Altman DG, Egger M, Pocock SJ, Gatzsche PC, Vandenbroucke JP; STROBE lInitiative. The Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational studies. Lancet 2007; 370:1453-7

*
Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and

crosssectional studies.

J Thromb Haemost. Author manuscript; available in PMC 2016 January 01.


http://www.plosmedicine.org/
http://www.annals.org/
http://www.epidem.com/
http://www.strobe-statement.org

