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Background and Purpose—To test whether changes in plasma tissue factor pathway inhibitor
(TFPI) levels or activated protein C resistance (normalized APC resistance ratio, nAPCsr) modify
the increased risk of ischemic stroke due to postmenopausal hormone therapy (PHT).

Methods—Nested case-control study of 455 cases of ischemic stroke and 565 matched controls
in the Women’s Health Initiative trials of PHT.

Results—Baseline free TFPI was associated with ischemic stroke risk, OR (95% CI) per SD
increase = 1.17 (1.01, 1.37, p=0.039, but baseline nAPCsr was not, OR per SD increase = 0.89
(0.75, 1.05), p=0.15. Baseline TFPI levels and nAPCsr did not modify the effect of PHT on
ischemic stroke. Treatment-induced mean changes of -28% in free TFPI and +65% in nAPCsr did
not change the risk of ischemic stroke (interaction p = 0.452 and 0.971 respectively). In subgroup
analyses baseline nAPCsr was inversely associated with lacunar strokes, OR per SD increase =
0.74 (0.57, 0.96), p=0.025, and baseline free TFPI interacted with treatment to increase large
vessel atherosclerotic strokes, p=0.008.

Conclusions—Pro-coagulant changes in TFPI or nAPCsr do not modify the increased ischemic
stroke risk due to PHT.
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INTRODUCTION

The Women’s Health Initiative (WHI) trials of showed an increased risk of ischemic stroke
for postmenopausal hormone therapy (PHT) compared to placebo.12 Baseline levels of
several hemostatic markers and genotypic Factor V Leiden (FVL) status did not identify
women at increased risk of ischemic stroke on PHT in the WHI trials.3 PHT increased D-
dimer and plasmin-antiplasmin levels and decreased fibrinogen and PAI-1, and change in D-
dimer interacted with PHT to increase risk of stroke.3 The fact that PHT increased the risk of
venous thrombo-embolism (VTE) in WHI, especially in subjects with FVL is consistent
with a possible role for hemostatic factors in explaining the increased risk of stroke also.*®

Oral PHT increases markers of activated coagulation, reduces coagulation inhibitors, and
induces an acquired resistance to the natural anticoagulant activated protein C (APC).6:7.8.9
Reduction in tissue factor pathway inhibitor (TFPI) and protein S are thought to be
important mechanisms underlying the activation of coagulation and acquired protein C
resistance associated with oral contraceptives (OCs), and both have been implicated in
VTE.10 Cross-sectional studies suggest that low levels of TFPI or increased APC resistance
may play a role in childhood ischemic stroke, but their roles in adult strokes are
unclear.1112.13 Higher TFPI levels in subjects with subclinical carotid and coronary
atherosclerosis and with increased arterial stiffness may reflect endothelial
dysfunction.14.15. 16

Here we report the first prospective study of the associations of acquired APC resistance and
of TFPI levels with stroke, and we examine whether PHT-induced changes in these factors
are associated with stroke risk in the WHI trials. We also examine associations with major
subgroups of stroke.

METHODS

Details of the design, recruitment, randomization, data collection, intervention, and
outcomes ascertainment procedures in the WHI PHT trials, including CONSORT diagrams,
have been published previously.317.18

Stroke. Author manuscript; available in PMC 2013 April 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Rossouw et al. Page 3

Study population and interventions

The WHI hormone trials enrolled 27 347 postmenopausal women aged 50-79 years from
1993 to 1998 at 40 US clinical centers based on hysterectomy status: 16 608 without
hysterectomy in a trial of CEE+MPA; 10 739 with hysterectomy in a trial of CEE alone.
Blood specimens were collected at baseline and the one-year visit. The study was approved
by the human subjects review committee at each participating institution, and all participants
provided written informed consent.

Participants were randomly assigned to take a single daily tablet containing a placebo or
active medication: women without hysterectomy took 0.626 mg CEE plus 2.5 mg MPA
(Prempro), and women with hysterectomy took 0.625 mg CEE (Premarin). Study drugs and
placebo were supplied by Wyeth-Ayerst, St. Davids, PA. The planned end-date of the trials
was March 31, 2005 for a total follow up of 8.4 years; however, CEE+MPA trial
medications were stopped on July 7, 2002 and CEE was stopped on March 1, 2004 after
mean follow-up periods of 5.6 and 7.1 years, respectively.12

Follow-up and outcome ascertainment

Stroke outcomes were identified by semi-annual questionnaires followed by review of
medical records and classification by centrally adjudicated by stroke-trained neurologists
blinded to treatment assignment. This report is based on 565 centrally adjudicated strokes
with measurements of APC resistance or TFPI at baseline and controls matched 1:1 on age,
race, randomization date, hysterectomy status, and self-reported prevalent stroke or transient
ischemic attack at baseline. Strokes were classified into ischemic (N=455), hemorrhagic
(N=82), other (N=4), cause of death only (N=21), and missing (N=3).). Ischemic strokes
were subclassified according to the Trial of Org 10172 in Acute Stroke Therapy (TOAST).19
The major identifiable subgroups were large artery atherosclerosis N=43, cardioembolism
N=66, and small vessel occlusion (lacune) N=117. The remaining 229 ischemic strokes had
insufficient information to make a determination or had 2 or more potential etiologies.

Biomarker Analyses

Blood samples were collected into tubes containing 1.8% sodium citrate and centrifuged
within 2 hours at 1300xg for 10 minutes at 4° C and stored at -70°C. Assays were run in
duplicate in single batches including cases and controls and 10% blind duplicates within 8
years of collection. The endogenous thrombin potential-based activated protein C resistance
test (ETP-based APC resistance test) was performed at the Department of Biochemistry at
the University of Maastricht, the Netherlands, as described earlier.20 The test result is
expressed as the ratio of thrombin generation without and with added APC, normalized
against pooled normal plasma (nAPC-sr). In this assay higher nAPCsr values indicate
increasing APC resistance. Total and free TFPI antigen were assayed using the same batch
of Asserochrom ELISA (Stago) Kits for each, and TFPI activity was measured in citrated
plasma by an in-house chromogenic substrate activity assay at the Department of
Hematology, Oslo University Hospital, Oslo.21:22 Inter-and intra-assay coefficients of
variation were 3-5% and 1-3% for all assays. In 150 blind duplicates from the current study
the intra-class correlations for nAPCsr and TFPI (total, free, and activity) were 0.73, 0.83,
0.44, and 0.84 respectively.

Statistical Analyses

The primary analysis tested the hypothesis that PHT-induced increases in APC resistance
and reductions in free TFPI levels increase the risk of ischemic stroke. Cases of ischemic
stroke (N=455) and all controls (N=565) were used to study associations of baseline values
with ischemic stroke; associations of change in TFPI values were examined in 317 cases
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occurring after year 1 and in 465 controls while change in nAPCsr values were examined in
220 cases and 330 controls with both baseline and year 1 values available. Lacunar and non-
lacunar ischemic stroke, hemorrhagic stroke, and total stroke were examined in secondary
analyses. We combined the trial data since their effects on stroke were similar.1-2 Sensitivity
analyses excluded women not adherent to their study medication 6 months before their
stroke.

Biomarkers were examined on a continuous (linear) scale, after log-transformation for
biomarkers that had skewed distributions. We used markers linearly to assess significance
but reported odds ratios (OR) and 95% confidence intervals (CI) per standard deviation (SD)
increase. Thus, there was not one-to-one correspondence between p-values below 0.05 and
Cls for OR not containing 1. For the interaction of change in biomarkers levels from
baseline to year 1, we computed p-values from logistic coefficients for change as a
continuous variable but showed ORs by tertiles of change. We also examined whether
changes in individual biomarkers were intermediates in the pathway of HT effects on stroke
by comparing regression models with and without terms for biomarker change covariates.

We tested for nominal significance at p<0.05 without adjustment for multiple testing.
Statistical analyses were performed on SAS statistical software (version 9; SAS Institute Inc,
Cary, North Carolina).

In this case-control dataset PHT compared to placebo yielded overall multivariable-adjusted
ORs (95% CI) for total, ischemic, and hemorrhagic stroke of 1.60 (1.23, 2.09), 1.81(1.36,
2.40), and 0.87 (0.52, 1.46) respectively. Cases of ischemic stroke were more likely to be
smokers, non-drinkers, inactive, diabetic, hypertensive, have left ventricular hypertrophy, or
a history of prior cardiovascular disease, higher body mass index, waist-to-hip ratio, systolic
and diastolic blood pressure compared to controls (Table 1). Due to matching factors race/
ethnicity and age did not differ between cases and controls. In unadjusted analyses baseline
free TFPI levels were significantly higher in ischemic stroke cases than controls (p=0.002)
but total TFPI, TFPI activity, and nAPCsr did not differ between cases and controls. In
multivariable-adjusted models baseline free TFPI was positively associated with ischemic
stroke, OR per SD increase = 1.17 (1.01, 1.37, p=0.037, but baseline nAPCsr was not
associated with ischemic stroke, OR per SD increase = 0.89 (0.75, 1.05), p=0.15 (Table 2).
Baseline TFPI and nAPCsr did not modify the effect of hormone therapy on stroke risk
(Table 3).

Free TFPI was inversely related to nAPCsr at baseline (linear regression  (SE) -0.84 (0.18),
p<0.0001) and at 1 year (B -1.41 (0.19), p<0.0001). TFPI was correlated with lipoproteins
but adding lipoprotein covariates to the models did not alter any results. PHT variably
decreased TFPI levels and increased nAPCsr compared to no changes in the placebo group,
with mean net decreases of —19, -28, and -22% respectively for total, free and TFPI activity
and an increase of 65% for nAPCsr (Table 4 and Figure 1). In the subset with known FVL
carrier status baseline mean (SD) nAPCsr values were 4.9 (2.2) in the 25 FVL heterozygotes
and 7.2 in the single homozygote, compared to a mean of 3.0 (1.9) in non-carriers. Baseline
and year 1 nAPCsr exceeded 2.0 in all but one of the heterozygotes; however, their values
were overlapped completely by those of known non-carriers.

Change in free TFPI did not modify stroke risk (interaction p=0.452, Table 5). Though
women in upper and lower tertiles of change in nAPCsr appeared to be at higher risk of
ischemic stroke on HT, the interaction was not significant (interaction p=0.971 in linear
models, p=0.38 in quadratic models). Models with change in TFPI or nAPCsr added as
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covariate showed no evidence that change in these biomarkers mediated the effect of PHT
on ischemic stroke risk.

Secondary analyses restricted to adherent participants yielded results similar to those for the
overall study. Models comparing the extreme deciles of TFPI or nAPCsr with values below
or above the median, respectively, did not yield significant associations with ischemic stroke
for baseline values or for change at 1 year. In other secondary analyses the findings for total
stroke were similar in direction and strength to those for ischemic stroke, while hemorrhagic
stroke showed no evidence of association with TFPI or nAPCsr. Subtypes of stroke by
TOAST criteria indicated that lacunar strokes were inversely associated with baseline
nAPCsr, OR 0.74 (0.57, 0.96), p= 0.025; however, nAPCsr did not interact with treatment
on ischemic stroke. Higher baseline levels of free TFPI were not associated with large artery
atherosclerotic strokes, but interacted with treatment to increase risk (p=0.008).

DISCUSSION

Even though PHT induced substantial increases in nAPCsr and decreases in TFPI, these
changes were not related to the increased risks of ischemic stroke observed in the WHI
trials. The mechanisms underlying the increased stroke risks on postmenopausal hormone
therapy remain elusive, though hemostatic mechanisms remain the most likely culprits with
increases in D-dimer implicated in prior analyses of a subset of WHI data.? Without
knowledge of a mechanism it is difficult to design strategies to prevent this complication of
oral PHT therapy. Transdermal estradiol does not appear to share the pro-thrombotic
potential of oral estrogens with respect to venous thrombosis or stroke, but randomized trial
evidence is lacking.23:24

The relationships of nAPCsr and TFPI to ischemic stroke risk are complex. Contrary to our
hypothesis that reduced anti-coagulant function would increase risk of ischemic stroke, in
this study baseline free TFPI levels were higher in cases compared to controls while no
significant differences were observed for nAPCsr. The findings for TFPI are consistent with
previous studies of carotid atherosclerosis, arterial stiffness, and ischemic heart
disease.1415:16. 25 previous case-control studies did not find convincing evidence that FVL
is associated with stroke.28

In the subset of lacunar strokes nAPCsr values were significantly lower in stroke cases than
in controls. Lacunar strokes result from pathology of the small perforating arteries supplying
the deep subcortical areas of the brain. Previous work has suggested that lacunar
arteriopathy may differ from occlusive atherothombosis of the large arteries responsible for
other ischemic strokes, and that the risk factor profile of lacunar stroke may differ from that
of non-lacunar stroke.2” Higher free TFPI levels increased the risk of large vessel
atherosclerotic stroke due to hormone therapy. However, these subgroup findings may have
occurred by chance due to the multiple testing performed.

The 5.7% prevalence of FVL ascertained by genotype is similar to that reported in the
literature® but nAPCsr did not clearly discriminate FVL carriers from non-carriers. This may
be due to high overall nAPCsr values in this study compared to values reported in the
literature, making the window for discrimination smaller. The high values are likely caused
by the fact that APCsr determined with the ETP-based APC resistance test is normalized by
dividing through the APCsr measured in normal pooled plasma.20 Differences in pre-
analytical variables such as venipuncture, citrate concentration, centrifugation, plasma
handling, and storage of the WHI plasma and the normal pooled plasma used in the
laboratory may result in high sensitivity of pooled plasma for APC compared to WHI
plasma.
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Strengths of the current study include its setting in the context of a randomized controlled
clinical trial, which allows for an unbiased assessment of treatment effects on hemostatic
factors and stroke. Limitations include the relatively small number of strokes overall and the
large number of strokes of undetermined etiology. Only large interactions of treatment with
biomarkers could have been detected; however the primary analysis of interaction by change
in biomarker offered no hint of potential effect modification. Another limitation is the
variability in the laboratory measurements, especially for free TFPI. Clinical trial
participants may differ from the general population and the results may not be generalizable.

We conclude that changes nAPCsr and TFPI in response to PHT do not modify or mediate
the increased ischemic stroke risk due to hormone therapy. Higher baseline free TFPI was
associated with overall risk of ischemic stroke and with increased risk of large vessel
atherosclerotic strokes but the direction of these associations was the opposite of what one
might have expected from studies of venous thrombo-embolism. Future studies are needed
to confirm the apparent protective association of nAPCsr with lacunar stroke and to explore
the biology of this association.
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Normalized APC sensitivity ratio by Hormone Therapy

Baseline (log-transformed)

Free TFPI and normalized APC sensitivity ratio at baseline and year 1 in women
randomized to active hormone therapy or placebo therapy (N=782 with repeat measures of

TFPI, N=550 of nAPCsr).

Stroke. Author manuscript; available in PMC 2013 April 1.

® Active ° . .
o Placebo .07
R 5" o Sy aet N
#0101 oo BabcdiR’y
TN P P I
TP, + S )
0® °..n-.g, *M o
o »q oL oo
s B,08° ¢ o o
#*%c 00 o N,
R .af%;owo
. ., o8,
BT % L R
d 59 .
e Moot o gaf 8 o °°
® o, * #o® .
- A
° oou‘b&,"oy 4 R [ .
o % QOD' °
85 A $ ¢
., 00
, o
’ %0
. °
’
.
. .
,
s °
.
’
’ °
.
.
.
’
.
.
’
.
.
’
’
T 1 I I T T T
01 02 05 1.0 20 50 10.0




Page 9

Rossouw et al.

100°0> 6'8 6T v 11 TGT 9 9L 44 923 uo AydospadAy JejndtiusA Yo
670 L0z 8¢ Gyl e TLT 9 6T 0 [0J81s3104 Ybi1y 104 paress L
6'7€E 59 8'Se 29 7'€S Tt 8¢ 26 anisuaLadAy pareal |
v'zT 4 6L 6T €L 9 L8 € anIsuapadAy pareanun
128 86 €99 6ST €'6¢ 19 798 6T anisuapiadAy JanaN
T00'0> uoisuapadAy Jo A10iSIH
100°0> 91T 514 9 L 9T Ge TL 1C sejaqelp pajeal L
70¢€ 85 G'8e 26 182 29 Tv€ 06 2=
92 Ly 102 8y L'ST e G'€T 29 2T>-G
0€z 4% 7€ 95 €12 65 192 69 G>
022 A 08T g 8¢ 19 €91 ey (0) annoeul
100 (mys1y-13N) Ananoe [eatsAyd wiouy ainypusdxa [elo |
A /4 VT 8¢ 8'8 1C A% 47 Keppjuup 1<
(a4 16 a4 €Tt §'82 89 S0y (174 Repplunp 1>
g9y 00T ey GTT 4 0ST e veT JaxuLp uoN
€000 asn |oyod|y
6T z€ 08 ¥4 11T 9z 8L 154 waund
gov 18 GE 16 9'6€ €6 90v 61T 15ed
L'y 96 9'2G ST 7'6Y 9TT G'1§ 15T JanaN
£000 snyess Bupjows
6. LT L9 8T 6'G T L'l 14 pay123dsuN/1ayio
8’8 6T L9 8T 502 6% TSt 617 oelg
€'es 08T 9'98 z€e 9'€L 9.1 TLL 622 SHYM
[4A] And1uyia/aoey
(9T2=N) 83015 o1WBYds|  (892=N) |043U0D  (6EZ=N) 8041 d1WdYS|  (262=N) |041U0D
LANleA-d lela] unsaboid + usbouisg leld] usboaisg

90415 21WBYDSI JO APN]S |041U0D 3SEI PalSaU Bl Ul USWOM JO SIIISLIBIORIRYD Buljaseg
T9algel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2013 April 1.




Page 10

Rossouw et al.

‘uoisuapadAy

10 A103s1y pue ‘Anlanoe [eaisAyd ‘asn joyooje ‘sniels Buisows ‘A1191uyle sanjeA [eatiofiares ay) 1oy 1dadxa uoneIdosse 1oy 1sal Jp-T e Buisn (0gadeld WdN+33D ‘VdIN+33D ‘ogadeid 330D ‘330D) uswubisse
1UBLWIEa.] JoJ palsnipe s|eL] pauIgquwiod Ul S|apou Uolssaifal o1siBo] Woly paulelqo aue pue aX0.1s J1WBYISI YIIM Ja3Jewolq pue o1s1Ie1o.Ieyd aulaseq yoes 1o Uoleloosse [eulfisew ay) A1nuenb sanpen d ay
*

uone||LqgL [eLye Jo ‘@xoas ‘eulbue ‘4HD ‘9gvD ‘10d ‘1IN

1
170 0¢ 43 19T 07¢ Ve 8T¢ V¢ 9'¢ 18T G¢ 8'¢ 9€¢ (onel) 1sDdvu
980 L'8¢ V¥.IIT ¥81 09¢ TV¥IT 0S¢ [L'l¢c <COTT €& +vve OTIT 88¢ (%) Anandy 1dd4.L
2000 91T 061 ¥8T O0TT 181 0S¢ 87T <C'1¢ vece €¢1 981 88¢ (TwyBu) 1d-1 8814
S€0 0T¢c 068 ¥8T T0Cc L'/8 0S¢ ¢€0¢ 8.8 v¢c <61 <98 88¢ (Tw/Bu) 1441 reoL
2000 €0T V¥9L 9T¢ 06 a7A 89¢ 6 8'LL 6€C €6 €9. 16¢ (BH ww) dg onjoseiq
T00°0> L'8T 0LET 9T¢ G9T <¢6¢T 89¢ 681 86ET 6E¢ 0LT 8¢l L6C (BH ww) dg o11018AS
T00°0> T0 80 9T¢ 10 80 99¢ 10 60 L€¢ 10 80 S6¢ oryes diy/isrepm
¢00 0'S '8¢ €lc 99 08¢ 99¢ G'S T0E 8€¢ 89 8'8¢ 162 (Gw/Bx) xapur ssew-Apog
€L°0 99 9.9 9T¢ 19 ¥'.9 89¢ V9 €19 6€C  G9 €19 162 Buiusaios 1e 8y
LNEAd  as UBSN N as UBSN N as UBSN N as UBSN N
93/043S 21WaYs| [013U0D 93/0431S 21WaYds| Joau0D
ler | unsabouad + usboaisgy leri1 uabouis3

5000 gvT 1€ 8z1 ve 9.2 9 g91 Iy QN0 Jo KioisiH
980 €8 81 9G ST TL 1T 6 1z asn unels
960 9€Z 15 e 09 6'5C 29 99z 6L

(9TZ=N) 80418 21WBYdS|

(892=N) |043u0D

LonleAd [erit unsabouad + usboaisgy

(6£2=N) 80415 2IWaYIS|

leri] uabouis3

(L62=N) |013u0D

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2013 April 1.



Page 11

Rossouw et al.

*$9)0U3004 Buipaoaid ayp Ul se Juswnsnipe a1eLeA0D "UOIIRIOOSSE 10} 1S3} JP-T © BUISN S[eLI) PauIqUIod Ul S|9poLu Uolssalfias o11siBo| Uo paseq aJe sanjeA d

1

*310U100} BuIPadald BY) Ul SB pue snyels AW0)08191sAY 10) Juswisnipe Em_a>oo+

"|0J81s81042 YB1y 10} pareast Jana pue ‘suness ‘uiidse ‘suoljedalpa aAlsusuadAynue Jo asn ‘93 uo HAT ‘ainssaid poojq o1j0IseIp pue 21j01sAS ‘(UoneLqL

Jerize Buipnjour) aseasip Jejnasenolp.ed Jusjesid ‘sn

aw salaqelp ‘A1Ande [eaisAyd ‘asn joyodje ‘Bujows ‘ones diy-1siem ‘||Ag ‘aded ‘abe yuswubisse Juswieas) yum uonoesaiul ‘(ogadeld YdN+33D

‘WdIN+332D ‘0gade|d 330 ‘33D) Juswubisse Juawieal) Joy paisnipe sjapow uoissaibal a1is160] woJy (S]013U0I Ul) JaxJewolq 4O UoleIASp plepuels Jad $]043u0d Yiim pasedwiod 8x0.3s J1WaYIs] 104 O1Fel SPPO
*

€5T°0 (S0'T'5L°0) 68°0 (TT°T'99°0) 98°0 (0T'T'69°0) 28°0 ofel 1IsQdwu
9550 (Tz'1'06'0) 10T (Lr'1'e60) LT'T (80T 'T20)880 % ‘AuAnOV Id4L
6€0°0 (Le'T'70T) LT'T (T2'T 'v2°0) G6°0 (0LT'TTT) LET  w/bu ‘|dd1 9914
62€°0 (Sz'1'€6'0) 80'T (82'T'28'0) 20T (Te'T'98°0) 90T  wy/bu ‘Idd1 [e10L
$9NeA-d  |S[elll psuiquiod el L unsebold + uabosisg  |eraL usboais3y
*:miﬂc_ 30UBPIIUOD 94G6) 9Sealou] gs J4ad oney sppo

(S]101U02 G9G=N ‘S8X0.1S J1WAYISI

GGY=N) 22UEISISaY D UIBN0Id PaIeAIdY pue lojigiyul Aemyred 101084 anssi] auljaseq JaybiH uoneiAag paepuels Jad %siy 8o d1wayas| pasnipy

NIH-PA Author Manuscript

¢?olqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2013 April 1.



Page 12

Rossouw et al.

‘a10u1004 Buipadald ayy
u1 se pue sniels Aw03da1a)sAy 10} JuswISn(pe a1elleA0D "SIy Jewolq 10} 1S3} Jp-T B UO Paseq XSkl 8041 J1Wayds] Uo JayJewolq X 0gade|dausuieal) sAII9€ JO S[eli) Paulquiod Ul UoI1deIsiul 8y} J0) SanfeA d

1

"|o81s3]0yd YB1y 10} palesas) JaAa pue ‘suljess ‘uidse ‘suoliealpaw anisusuadAynue Jo asn ‘93 uo HAT ‘anssaid poojq 21joiseIp pue 21j0IsAS
‘(uorrejqiy ere Buipnjour) aseasip JejnaseAolpJed Jusjeaald ‘snitjjaw salagelp ‘AlAnoe [eaisAyd ‘asn joyodje ‘Buisjows ‘olres diy-isiem ‘[Ag ‘aoes ‘abe Joy paisnipe sjppow uoissalbal onsifol wol
*

YET'0 (oT'T'ss0)8L0 2.1 (L€T'2.0)660 802 (L0T'850)620 TOZ (66T 'v20)20T 912 onel '1sDdwvu
9760 (T97'280)8TT 86T (S9T'26'0)€2T 96 (22T'890)T60 8¥¢ (TCT'TL0)E60 €92 % ‘AMAIOV IddL
198°0 (€91'280)9TT 86T (2TT'650)T80 9¢Z (09T'16'0)TCT 8vZ (80'C'STT)SST +9¢  w/bu‘|dd1 9914
80%'0 (trt'z,0010T 86T (BY'T'¥80)ET'T 92 (€€T'SL°0)00T 8y (2GT'88°0)9TT +9z  lw/bu ‘IddL [eroL
(10) 4o N (1) ¥o N (10) ¥o N (10) ¥o N
JUONDRISUI IO} ONIBA D ogsdeld VdIN+TTD VdIN+330 oqaoe|d 330 330

[ela L unsaboud + usboasg

leri] uabouisgy

*A_miﬁc_ 30UBPIIUOD 94SG6) 8SeaIU] S J8d oney sppo

JUBLIUBISSY JUBWIRaIL AQ Sy 8Y0.1S JIWAYIS| LIIM 30URISISaY D UIal0Id PaleAldy pue Jodgiyul Aemuyled 10108 anssi] auljaseq JO SUOIEBIN0SSY

€9lgel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2013 April 1.



Page 13

Rossouw et al.

‘€ 8]qe.L Ul Se SaJRLIRAOD SLIES 8 pue
'SI9XJRWIOIq JO S|9A3] BUIjaseq ‘sniels AW0)08.R)sAY oy palsnipe (0J3u0d 0) pasedwod JuaWIea) suowloy BuLINp S|eL) PauIquiod Ul Jaxewold ul abueyd jo (Juedionted Jad) 1sa) 1 paired e woly aJe sanjeA d
%

100°0> (ezm)vro szt (bSO SyT 8T (9T 9TO- T (2TE) 09T LT onel 'IsQdvu
100°0> (0o61) 000  ¥ST  (00'62) 00'Ge-  S6T  (00°22) 00%- 202  (00°0E) 00°'LZ- G2C % ‘ANAIOY IddL
100°0> (or9)oe0  vsT  (ov'9)oT'e-  G6T (069)oz0 L0z  (008)09e-  9zz  w/bu‘ld4L said
100°0> (ovst)ort- ST (00'6T) O¥'2T-  S6T  (099T)Ov'T- L0z  (0L'T2) OT'8T- 9¢z  w/Bu ‘IddL [eloL

(4O ueipsy - N (MODuepsN N (dONueipsN N (MOI) uelpsN N

L2BUBUD S0y BNBA D ogaoeld YdIN+TTD VdIN+33D ogageld 330 330

lera ] unsabouad + uaboaisgy lela uaboais3y

(sbuey sjnaenbuasiu]) uelpa|n

T Jea A 0] auljaseq WoJ) aour)IsISay D UIS10Id PaleAdy pue Jodqiyul Aemuyred JoioeH anssi ul aBuey)d
v 9l|qel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Stroke. Author manuscript; available in PMC 2013 April 1.



Page 14

'$|043U0D WOJY PAALISP 8. abueyd 1oy SHUI0dIND 81181 “ISOWU 10} S|0AU0D OSE PUR SBSEI 0ZZ PUR |d-L 10 S|0IUOD GOf pue S8sed / TE U
paseq ‘g 8|qeL Ul S S31eLIeA0D BULIES 3U} PUB ‘SISXJBLIOI] JO [9A3] Uljaseq ‘sniels AWo3oalaisAy 1oy Bunsnipe Jaxewolq ur abueyd X 0gade|dauawiess) AL JO S|l PauIqIod Ul UONJRISIUI J0j SanfeA d
%

.60 (06'5 '¥T°T) 09°C G§T< (zzz'v50) 60T ST-20- (98'v'80°T) 62°C 10> onel 'sDdvu
vIL0 (82'€'€6°0) VLT 0v-< (9L 'v1'T) L0C - - G- (08'2'65°0) 62T 0'se- > % ‘ANAIDY 1d4L
2570 (TLyov1) 29 90< (wz'z'zL0) Lzt 90-Tv- (60'7 '80'T) 0T'C Ty-> wy/bu ‘|1 9914
69.°0 (T8'€'80'T) €0'C r'e< (F9€e'9TT)90C  ¥Z--9.T- (#6'27'S9°0) 8ET §IT-> Twy/Bu ‘Idd41 reoL

*Co_uom\_wuc_ 10) anjeA d

(10 9%56) 4O

anfe/ abueyd

(1D 9%%6) 4O

anfe/ abueyd

(10 9%%6) 4O

anfe/ abueyd

Stroke. Author manuscript; available in PMC 2013 April 1.

Rossouw et al.

aln4eL payL 2|19 puodss 319 L 35414

90URISISOY D UIS10Id Pa1eAldY pue Joligiyul Aemyred 101984 anssi ul abuey) Ag 3siy 8)041S d1wayds| uo Adesay ] auowloH Jo 1983
Go|qeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript NIH-PA Author Manuscript



