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Essentials

» Endogenous hormone levels’ influence on hemostatic
factor levels is not fully characterized.

We tested for associations of endogenous hormone with
hemostatic factor levels in postmenopause.

Estrone levels were inversely associated with the natural
anticoagulant, protein S antigen.
Dehydroepiandrosterone sulfate levels were inversely
associated with thrombin generation.

Summary. Background: Oral use of exogenous estrogen/
progestin alters hemostatic factor levels. The influence of
endogenous hormones on these levels is incompletely char-
acterized. Objectives: Our study aimed to test whether,
among postmenopausal women, high levels of estradiol
(E2), estrone (El), testosterone (T), dehydroepiandros-
terone  sulfate (DHEAS), dehydroepiandrosterone
(DHEA), and androstenedione, and low levels of sex hor-
mone-binding globulin (SHBG), are positively associated
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with measures of thrombin generation (TG), a normalized
activated protein C sensitivity ratio (nAPCsr), and fac-
tor VII activity (FVIIc), and negatively associated with
antithrombin activity (ATc) and total protein S antigen
(PSAg). Methods: This Heart and Vascular Health study
cross-sectional analysis included 131 postmenopausal
women without a prior venous thrombosis who were not
currently using hormone therapy. Adjusted mean differ-
ences in TG, nAPCsr, FVIIc, ATc and PSAg levels associ-
ated with differences in hormone levels were estimated
using multiple linear regression. We measured E2, El, total
T, DHEAS, DHEA and androstenedione levels by mass
spectrometry, SHBG levels by immunoassay, and calcu-
lated the level of free T. Results: One picogram per millili-
ter higher El levels were associated with 0.24% lower
PSAg levels (95% Confidence Interval [CI]: —0.35, —0.12)
and 1 pg mL~" higher DHEAS levels were associated with
40.8 nm lower TG peak values (95% CI: —59.5, —22.2) and
140.7 nmxmin lower TG endogenous thrombin potential
(ETP) (95% CI. —212.1, —69.4). After multiple compari-
sons correction, there was no evidence for other
associations. Conclusions: As hypothesized, higher EI
levels were associated with lower levels of the natural anti-
coagulant PSAg. Contrary to hypotheses, higher DHEAS
levels were associated with differences in TG peak and
ETP that suggest less generation of thrombin.

hormones;
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Introduction

Oral contraceptive and hormone therapy (HT) use is posi-
tively associated with the risk of cardiovascular disease
(CVD), including a 1.5-fold to more than three-fold
greater risk of venous thrombosis (VT) [1-4]. Pathways
contributing to the increase in VT risk have been demon-
strated for several hemostatic measures, including endoge-
nous  thrombin  potential (ETP),  prothrombin
fragment 1 + 2, total protein S, plasminogen activator
inhibitor-1 (PAI-1), normalized activated protein C
(APC) sensitivity ratio (nAPCsr), and antithrombin, levels
of which are associated with oral use of these exogenous
estrogens and progestins [5-8]. Furthermore, high levels
of endogenous free and total testosterone (T) have been
positively associated with some cardiovascular biomarkers
and disease risk among midlife and postmenopausal
women [9-11]. Although a substantial body of research
has formed regarding the positive association between
use of oral exogenous estrogens and progestins and both
hemostatic factor levels and VT event risk [1-4], the
relationship between endogenous steroid hormone, sex
hormone-binding globulin (SHBG), and precursor steroid
levels and thrombotic risk is poorly characterized.

Better characterization of the relationship between
endogenous hormone and hemostatic factor levels may
provide insights into the underlying risk of thromboem-
bolic disease in postmenopausal women. Eight hemostatic
biomarkers were previously measured among Heart and
Vascular Health (HVH) study participants, including the
four parameters of thrombin generation (TG), nAPCsr,
factor VII activity (FVIIc), antithrombin activity (ATc),
and total protein S antigen (PSAg). Thrombin plays a
multitude of roles in the complex coagulation system, and
TG is useful as a global measure of plasma’s tendency to
generate thrombin [12]. The TG assay produces a TG
curve composed of four parameters that characterize: ini-
tiation (lag time); time to thrombin peak; peak thrombin
concentration; and the individual’s ETP. Greater TG
peak and ETP levels have been positively associated with
the risk of incident VT [13]. From the ETP-based
nAPCsr, resistance to APC can be quantified, with high
nAPCsr values being positively associated with VT risk
[14]. The complex formed by tissue factor (TF) and FVIIc
initiates the coagulation cascade; however, high FVIIc
levels have not consistently been associated with an
increased risk of VT [15,16]. The natural anticoagulant
ATec inactivates the coagulation cascade by binding with
heparin, and ATc levels have been shown to be one of
the primary determinants associated negatively with
thrombin formation [17]. In the presence of APC, PSAg
shows anticoagulant activity, and lower PSAg levels are
thought to be associated with a higher VT risk, although
evidence for an association between PSAg levels and VT
risk in population-based studies is lacking [18]. The levels
of most of these hemostatic factors have not previously
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been evaluated in relation to the levels of endogenous sex
hormones (estradiol [E2], estrone [El], total T, and free
T), SHBG, and sex steroid precursors (dehydroepiandros-

terone  sulfate [DHEAS], dehydroepiandrosterone
[DHEA], and androstenedione) in postmenopausal
women.

In this cross-sectional analysis among postmenopausal
women not using HT at the time of phlebotomy, we eval-
uated the relationship between postmenopausal endoge-
nous steroid hormones, SHBG, and precursor steroid
levels and hemostatic factor levels. Given the greater risk
of VT associated with exogenous HT use, we hypothe-
sized a priori that estrogen levels (E2 and E1) would be
positively associated with measures of TG, nAPCsr val-
ues, and FVIIc, and negatively associated with levels of
the anticoagulant factors ATc and PSAg. A4 priori, we
hypothesized that there would be similar directional dif-
ferences in hemostatic factors associated with higher total
and free T and with lower levels of SHBG, given the rela-
tionships between high free and total T levels and cardio-
vascular biomarkers and disease, and the relationship
between lower SHBG levels and higher levels of circulat-
ing androgens. As the adrenal and precursor steroids
DHEAS, DHEA and androstenedione are converted into
androgens, and, to a lesser extent, estrogens, we a priori
hypothesized that there would be similar directional dif-
ferences in hemostatic factor levels associated with higher
levels of DHEAS, DHEA, and androstenedione.

Materials and methods

Setting and study design

This cross-sectional study was conducted within the HVH
study, which is a population-based, case—control study set
in Group Health Cooperative (GHC), an integrated
healthcare system in Washington State. The HVH study
was designed to evaluate risk factors for CVD, including
VT, myocardial infarction, stroke, and atrial fibrillation
[19-21]. The GHC Human Subjects Review Committee
approved this study.

Cross-sectional study participants

The participants in this study were controls from the
HVH case—control study. Control subjects were assigned
an index date, which was defined as a random date in the
year for which they were frequency-matched to a case.
Controls had not experienced an incident VT event prior
to their index date. Subjects eligible for study inclusion
were females aged 18-89 years with an index date
between 2003 and 2010 who had consented to blood
draw, had provided a blood specimen, had not been pre-
scribed an anticoagulant in the previous 180 days, were
not currently using oral estrogen-alone or estrogen plus
progesterone HT, and who were postmenopausal at the
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time of blood draw (n = 3353). A woman was considered
to be postmenopausal if there was a notation of the cessa-
tion of menses in the medical record or at > 55 years of
age. For women with a prior hysterectomy, we defined
postmenopause at the start of menopausal symptoms.

Hemostatic factor levels were measured for a random
subset of these postmenopausal women (n = 136), for
the original purpose of an HVH study that evaluated
differences in the levels of hemostatic factors associated
with the use of oral conjugated equine estrogens, oral E2,
and non-use of HT [8]. Women not using oral estrogen-
containing HT for whom hemostatic factor levels were
measured were randomly selected, with non-HT users
matched to the age distribution of users of oral HT. Cur-
rent and recent oral HT use at the time of phlebotomy
was determined from GHC computerized pharmacy
records, which included prescription fill dates, medication
quantity, and dosing instructions or the anticipated days’
supply, assuming 80% compliance. For this analysis, we
further excluded women who were using transdermal
estrogens (n = 4), or who were using oral progesterone
alone (n = 1), resulting in an eligible population of 131
women.

Measures

Blood collection, processing, and storage Venous blood
specimens were collected into separate tubes containing
3.2% sodium citrate and EDTA, centrifuged at 4 °C for
10 min at 1300 x g, and stored at — 80 °C within 6 h of
collection.

Hemostatic factor measurements  Stored tubes of citrated
plasma were shipped on dry ice from Seattle, Washington
to Leiden University Medical Center, Leiden, the Nether-
lands, for measurement of TG, nAPCsr, FVIIc, ATc, and
PSAg. Prior to shipment, samples were stored for an
average of 4.5 years (standard deviation [SD] 2.0). Sam-
ples were thawed once in October 2010, for these mea-
surements of hemostatic factors.

The TG assay measured four TG parameters: lag time,
time to peak, peak thrombin concentration value, and the
area under the curve, which approximates ETP [17]. A
fluorogenic assay (Diagnostica Stago, Asnieres, France)
was used to measure these four TG parameters (coeffi-
cient of variation [CV] for ETP from normal pooled
plasma: 19.8%) [8]. The ETP-based nAPCsr was esti-
mated from the normalized ratio of the area under the
TG curve without added APC to the area under the TG
curve with added APC [22]. ETP in the absence of APC
had been measured as part of the TG assay; ETP in the
presence of APC was measured with a fluorogenic assay
(Thrombinoscope TM, Synapse BV, Maastricht, the
Netherlands). FVIIc and ATc were measured with the
STA-R analyzer (Diagnostica Stago) (CVs: 9.2% and
3.0%, respectively). PSAg levels were measured with an

ELISA (Diagnostica Stago) (CV with a commercial qual-
ity control: 4.2%) [8].

Hormone measurements ~ Stored EDTA plasma samples
were transported locally on dry ice from storage to the
Department of Veterans Affairs in Seattle, where hor-
mone levels were measured in February 2014. On average,
samples had been stored for 6.8 years (SD 2.0).

Estrogens (E1 and E2) were measured simultaneously
with liquid chromatography-tandem mass spectrometry
(LC-MS/MS) (intra-assay CVs in normal male serum:
3.3% [concentration: 26.3 pg mL~'] and 4.2% [concen-
tration: 19.1 pg mL™"], respectively). The lower limit of
detection (LOD) for El was 1.96 pg mL™' (0 < LOD)
and for E2 was 0.98 pgmL~' (2 <LOD). A separate
LC-MS/MS assay was used to measure total T, DHEA,
and androstenedione. Intra-assay CVs in normal male
serum were 4.7% (concentration: 4.3 ng mL™"), 4.8%
(concentration: 7.0 ng mL™"), and 5.0% (concentration:
0.93 ng mL™"), respectively. The LOD for total T was
1.0 ng dL™" (0 < LOD), for DHEA was 15.6 ng dL™'
(7 < LOD), and for androstenedione was 1.0 ng dL™!
(0 < LOD). DHEAS was measured with a separate LC-
MS/MS assay (intra-assay CV of 3.4%; LOD of 0.04
ug mL™'; 1 < LOD), as its values were greater than those
of DHEA and other androgen and precursor steroid hor-
mones. SHBG was measured with the Quantikine SHBG
Immunoassay (R&D Systems, Minneapolis, MN, USA),
which is a 4.5-h solid-phase ELISA (inter-assay CV:
3.3%).

In analyses, E2 (n =2), DHEA (n=7) and DHEAS
(n = 1) values that were below the LOD were replaced
with the LOD value. We calculated free T with the Mazer
method [23].

Covariates  Trained abstractors reviewed complete GHC
medical record data available prior to the index date.
Race/ethnicity, education and current smoking status at
the index date were determined from self-reported data
collected during a telephone interview, and were aug-
mented with data from medical record review. Body mass
index (BMI) was determined from data in the medical
record, and augmented with self-reported height and
weight. Risk factors for cardiovascular events were col-
lected during medical record review, including a history
of cancer, hospitalization and inpatient surgery in the
12 months prior to the index date, treated diabetes melli-
tus (requiring a physician diagnosis of diabetes and treat-
ment with insulin or oral hypoglycemic agents), treated
hypertension (requiring a physician diagnosis of hyperten-
sion and treatment with one or more antihypertensive
medications), prevalent CVD (defined as a history of ang-
ina, claudication, coronary artery bypass grafting, percu-
taneous transluminal coronary angioplasty, carotid
endarterectomy, or peripheral vascular disease), and the
most recent systolic and diastolic blood pressure and
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cholesterol measures prior to the index date. Hysterec-
tomy and oophorectomy status and a woman’s age at
final menstrual period (FMP) were abstracted from the
medical record. Surgical menopause was defined as a
bilateral salpingo-oophorectomy prior to a woman’s natu-
ral transition through menopause.

Statistical analysis

We determined the medians and interquartile ranges for
hormone and hemostatic factor levels. Spearman correla-
tion coefficients were computed among the endogenous
hormone levels, among the hemostatic factor levels, and
between each endogenous hormone and each hemostatic
factor.

Multiple linear regression with robust standard errors
was used to model the association between each individ-
ual hormone and hemostatic factor level, adjusting for
potential confounders: linear age, linear BMI (kg m?),
current versus never/past smoking status, treated dia-
betes, treated hypertension, non-white versus white race,
prevalent CVD, and surgical versus natural menopause.
Linear regression models were used to estimate the
adjusted average difference in the hemostatic factor level
associated with a 1-unit higher endogenous hormone
level. To standardize comparisons within each hormone
across hemostatic factors, adjusted average differences
were expressed as the percentage of one hemostatic fac-
tor SD associated with a 1-SD difference in the hormone
level [([B X SDhormone]/SDhemostatic factor) X 100]
Although not tested statistically, a visual inspection of
scatterplots did not lead us to suspect that associations
deviated from linearity. Scatterplots were inspected visu-
ally for possible outlying values, which were excluded
from sensitivity analyses. Histograms were used to evalu-
ate the distribution of each hormone and hemostatic fac-
tor for evidence of skewness, and all hormones and
hemostatic factors other than TG peak and PSAg had
evidence of skew. In sensitivity analyses, we natural log-
transformed all hormones and hemostatic factors, includ-
ing TG peak and PSAg, for ease of interpretation and
consistency.

For each hormone, there were eight tests for associa-
tion with hemostatic factors, so we defined the nominal
P-value required for statistical significance as 0.00625
(0.05/8). To reduce the possibility of Type I error across
all hormones, we set an overall threshold of statistical sig-
nificance, which was a Bonferroni-corrected level of
0.00069 (0.05/72 tests).

In secondary analyses, separately for each hemostatic
factor, we performed linear regression analyses with all
hormone exposures and other covariates in one model.
We used likelihood ratio tests to evaluate whether there
was any association between hormone levels and differ-
ences in each hemostatic factor level, using a threshold
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for statistical significance of 0.00625 (0.05/8 hemostatic
factors). All data management and analyses were con-
ducted with stata 13.1 [24].

Results

On average, participants were 67 years of age, had experi-
enced their FMP 19 years earlier, had a BMI in the obese
range (mean BMI of 30 kg m~?), and were predominantly
of white race/ethnicity (93%) (Table 1). Most women had
used oral estrogen HT at some point prior to phlebotomy
(67%), but, on average, had not used any oral or trans-
dermal estrogen or progestogen HT for 7.2 years previ-
ously. No study participants had a history of aromatase
inhibitor prescription prior to the index date. Tables S1—
S3 show unadjusted median levels of endogenous steroid
hormone and hemostatic factor levels, and unadjusted
Spearman correlation coefficients.

Tables 2, 3 and 4 show results from multiple linear
regression models of the cross-sectional association
between endogenous hormone and hemostatic factor
levels, with P-values that are not adjusted for multiple

Table 1 Demographic and medical history characteristics of study
participants

Study
participants
n =131
Age at blood draw (years), mean (SD) 67.1 (9.7)
Years since FMP at blood draw, mean (SD) 18.8 (10.8)*
White race/ ethnicity, no. (%) 122 (93.1)
Education > high school, no. (%) 97 (74.1)*
BMI (kg m~2), mean (SD) 29.9 (7.7)
Current smoking, no. (%) 12 (9.2)
History of any CVD, no. (%) 11 (8.4)
Diabetes, no. (%) 18 (13.7)
Hypertensive, no. (%) 74 (56.5)
Systolic blood pressure (mmHg), mean (SD) 132.3 (17.3)
Total cholesterol (mg dL~"), mean (SD) 208.4 (40.8)
Cancer in the 2 years prior to the index date, no. 0 (0.0)
(%)
Hospitalization in the 12 months prior to the index 4 3.D)*
date, no. (%)
Inpatient surgery in the 12 months prior to the 3 (2.3)*
index date, no (%)
Hysterectomy/oophorectomy, no. (%)
No surgery 83 (63.4)
Hysterectomy-alone 20 (15.3)
Hysterectomy with BSO 22 (16.7)
Unknown 6 (94.6)
Ever estrogen HT use, no. (%) 88 (67.2)
Months since any HT use at blood draw, mean 86.4 (67.5)
(SD) n = 96t

BMI, body mass index; BSO, bilateral salpingo-oophorectomy; CVD,
cardiovascular disease; FMP, final menstrual period; HT, hormone
therapy; SD, standard deviation. *Years since FMP, n = 101; educa-
tion, n=129; hospitalization, n = 128; inpatient surgery,
n = 128.FNinety-six women used any HT (estrogen or progestogen)
prior to blood draw.



*QUOWLIOY SNOUZOPUD UT UAIRJJIP (IS-1 Iod “1030R] dneIsoway Jo (IS | Ul 20udIdyip juddiad aferoae pasnlpy .l ‘uorsusiiadAy pajean pue ‘osnedoudw
[BOISINS ‘OSBASIP IB[NOSBAOIPILY IoLid ‘AJIOTUY)o/a0BI S9JoqRIP PAlBAI} ‘TUMYOWS JUALIND ‘XOpUI SSBW APoq Iedul] ‘8e Ieaul] I0J PAIsn(Py S7900°0 > 4 JO [9AJ] [RUIIOU B JB A[UO JUBD
-yIugIs 218 Jey) SUONRIOOSSE SAIBIIPUI P[Og "69000°0 > J JO [2A] P102110d suosLiedwod a[dnnuwr & je JuLdyIUSIS oI JBY) SUOIBIDOSSE S)LIIPUI OI[R)I P[Og "UONBIAIP PIBpULIS ‘(S UaSnue § umd)
-01d 18101 ‘BYSd ‘onel ANANISUAS O u)01d PajeAIOR PIZI[BWIOU ISDJVU KIANIR [JA 10198 O[JA ] ‘[enudjod uiquioly) snousopud ‘JLq [RAIIUI RUIPYUOD ‘T AJNANOR UIQUOIYINUR DLV

(81000 01 S1°0 —)

(cro —o1se0 —)

90 —msy1 —)

6l —  $50°0 SLOO — 0 —  80000°0 $C0 — 6'T€ —  €100°0 060 — (6'81) 601 0€1 (%) 8vsd
(5500 0 £50°0 —) (6£0°0 — 0 7T°0 —) (6200 01 18°0 —)
9¢°0 960 21000 681 —  TS00°0 €10 — 661 — 8900 6£0 — (6°¢1) 8501 ¥TI (%) oLV
(#1°00161°0 —) (62001 2T0 ) (o1 orgLo-)
660 — 760 #L00°0 — €T 6L0 #€0°0 8¢ vL0 S1°0 (09¢) 1°1€1 9T1 (%) 21IAd
(9€00°0 01 £€00°0 —) (€200°0 ©3 €000 —) (6100 — 03 620°0 —)
8570 €60 $1000°0 s — 0€0 §200°0 — 8T — 69°0 8¥00°0 — @Dor ogl 8DdVU
(€5000°0 03 $¥00°0 —) (9€00°0 03 1900°0 —) (S10°0 01 620°0 —) (urur)
601 — Tro 02000 — S¢— 19°0 €100°0 — €6 — §S°0 L9000 — (L80) vy 1€1  yeed 0y owy,
(88000°0 01 92000 —) (920070 03 1£00°0 —) (SL00°0 1 8100 —)
9 — vE0 80000 — 6T — 99°0 9L000°0 — LS — wo €500°0 — (€9°0) €T 1€1  (urw) owm Fery
(980 01 8,70 —) L60 OV p'T —) (Lsorgs —) (urux wu)
LLO T6°0 £70°0 0T — 1L°0 €C0 — €C°0 L60 7600 (8'897) 6'vITI  I€I did
(¥T°0 03 6£0°0 —) (0€°0 01 $T°0 —) (#'101280 —) (wu)
TL €0 780°0 vl 780 1€0°0 6'C 790 LTO 8%S) 1'19T  1€1 onjeA yeaq
UuoNBIAUASF UIqUOIY ],
lasur onpea-g (1D %S6) OUAIYJIP lgs ur onpea-g (1D %S6) lasur oneA-g (1D %S6) OUAIRYIP  (S) uvdw 1008) U
QOUIRJIP %, o3eroar paisnlpy QOUIRJIP QOUIJIP QOUIJIP J3eroar paisnlpy O BISOWRH
pasnlpy % pasnlpy ogrroae pasnlpy o, pasnlpy
(T8h) L'LL (T¥o) oLt 6'9) 69 (@s) ueow
QUOWLIOH

© 2016 International Society on Thrombosis and Haemostasis

84 L. B. Harrington et al

(1€1 = u) (,_1 [oww) OGHS (1€1 =) (,_Tw 8d) 19 (1€1 = u) (,_Tw 8d) g

uowom [esnedousunsod ur
S[OAQ] 1010B) 01J)SOWAY PUE S[AAJ] (DFHS) UNqo[3 SUIpuIq-auowIoy Xas pue (1) 2uo1Isa () [OIpeIISd SNOUFOPU UAMIA] SUOTIBIOOSSE [RUOIIIIS-SSOID PIA[APOW-UOISSAITAI LUl g d[qe],



5
- O [T
S5 0 — .2
= = mxono<tn [ I
SLEQ <t o~ O — 00— o L
T4 [ TR
- .
< X 8 (I jtb*_;;
=
A o
-
@ 2.8
g =i}
= c =
< 2 =5
= =] -~ N <t 00 00 N Q
i o DX RS — | QO
R~ S Sccocsssas |z @
.:f
R
w)
= | ~ E%
2= ¥y * g
o — Q8 o O ~ — UE
z Il o~ s~~~ £
i % ~ o - —=Ygwur [ =2
s | & [ o 6 8 g~ ™Mmmo &2
2| ~ o & < S\ P 0000 ° X
= |7 80 o 7o) <+ oen T2 == a.
Sl SN = ogdsenand =
S| 3 o v — ISa) S—wvuSt | o
= > — < | <+t [ 83
O an | o~ < e < 2
=) = | o - 8 | |~ == 1 1 >3
8 Z |~ 3 2 - ~“Sda———| 53
=18 2 5 a aSnA—n<< | 2
o = 2 O ! &V
2| o =5 = S oSS0
o | = e IS\ Q A= | T oA
gl &= o= — (I S
| =S < I ] Es
o] S
> o)
5 £z
= a
S
2 = .3
Q [ ‘(;;4—»
& B 2 a O 8
o 285 @ =mot—aaalgl
-2 258 = S —civcewmv | <o
= =L n — = 51
- T = | Ew
8 <'OE (. =]
g 29
s Z £
= 5 s
=] o < &
g 5 — &
= INERSE)
» g I A= O = —=a | > O
) d 0 Ny E N —O L o
> _ = Sooc oo o S &
= 9 =
= E B
[_1
£ 5 E
- z g =
Q — S n — — S5
= o = — h=1
2 | — ~ Ssco ~X| =5
9 o s ~< | 28
173 [ >N Eoecaxs | E8
8 = * =3 ~n O 0T 2 s =
E = ~0 2233 S g
s | = = e VS o .%
S| £ o & = ~=X 00 o 2.5
Q | =) o oo 22"
< (=i 2]
R s X ™~ eSS tom| g2
s [ O 50 s I Qo F w5
e) ) > L~ oo o ==
bl =) =~ < | <+ == 5=
= Z | © 5] ~ Fen e s
52| s = hot l¥ze-—-—-| 2%
= = = 5 x Soo—~oo | = 2
o | = | T 3 5 < noccoaaq © 5
Sl e @ S S ER=-R=-E-R=-E-N- 23
z e 2= I =
= <
3 53
=] T =
) 5 »
3 — ]
R a a2
2 2 = = .8
) Q m o
7] = 17 =
< s 2 —~ -8
- — 0~ —~ —_——~—~ S o
< g o = % @S g2 > =
=] =S < S 9 RN G en 5
9] Q = 2 v A8 S == | 2=
S g S E L degcoceco | e=
8 = 8 = = amEe—xwn =3
¢ = g 2 — <+ A — — v 80
@ o O O o - n oS o M
@ 2 IS IS —_ == 8=
o jan IL.- — o o
—
3] %,9
! S =
2 o -z
Q -
o o = (5}
'8 - @ 32 5"0
E = — — e — o
s
P 28
s) =2
; - 55
g 5 g s @
o0 = -
o = AAE EQ
= = == ©n
. 15} 2 E 4 g .
= = EES =
Q og Xva = O
E = s Q —_ = o)
(=] o ° = | ==
~ £ g EES2 s=-~¢|3
e —~ O R gc
en _xéza_‘ O B~ X — :ﬁﬁ
qu QDEUOVQD W
= ciEEFEr=od | s
= = & HAEZ S ER [—<.U.E>
= = Sh<a | <2

© 2016 International Society on Thrombosis and Haemostasis

cant only at a nominal level of P < 0.00625. *Adjusted for linear age, linear body mass index, current smoking, treated diabetes, race/ethnicity, prior cardiovascular disease, surgical

menopause, and treated hypertension. fAdjusted average percent difference in 1 SD of hemostatic factor, per 1-SD difference in endogenous hormone.
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comparisons. For example, the adjusted average differ-
ence in TG peak value was 0.27 nM per 1 pg mL~" higher
E2 (95% confidence interval — 0.82 to 1.4). Expressed as
a percent different in SD units of the hemostatic factor
level associated with a 1-SD higher hormone level, the
TG peak value was 2.9% of the TG peak value SD
higher for each 1-SD higher E2 level (i.e. per 6.9 pg mL™"
higher E2).

At a nominal level of 0.00625 that accounted only for
multiple comparisons within each hormone, higher E2
and E1 levels were associated with lower PSAg levels, and
higher El levels were associated with lower ATc levels
(Table 2). Higher DHEAS levels were associated with
lower TG peak values, lower TG ETP values, and lower
nAPCsr values, and higher DHEA levels were associated
with lower PSAg levels (Table 4). After overall adjust-
ment for all 72 tests, evidence for the association of El
levels with lower PSAg levels and of DHEAS levels with
lower TG peak and lower ETP persisted (P < 0.00069).
We found no evidence of an association between SHBG,
total T, free T or androstenedione levels and any hemo-
static factor levels.

A visual inspection of unadjusted scatterplots for hor-
mone and hemostatic factors with associations significant
at the multiple comparisons corrected level of
P <0.00069 (Fig. S1) and at the nominal level of
P < 0.00625 (Fig. S2) suggested possible outlying obser-
vations in the evaluations of E2 with PSAg (n = 2), of El
with PSAg (n = 2), of El with ATc (n = 2), of DHEAS
with TG peak (n = 1), of DHEAS with ETP (n = 1), and
of DHEAS with nAPCsr (n = 2). In sensitivity analyses
that excluded possible outliers, adjusted average differ-
ences in hemostatic factor levels were similar to those esti-
mated in primary analyses (E2 with PSAg, = — 0.93,
P =0.055; E1 with PSAg, f=— 031, P=0.033; El
with ATe, f=—0.28, P=0.007; DHEAS with TG
peak, f=—41.0, P=10.000032; DHEAS with ETP,
p=— 1404, P=10.00019; and DHEAS with nAPCsr,
p=—0.62, P=0.003).

After the natural log transformation of hormone and
hemostatic factor levels, at a nominal level of statistical
significance of P < 0.00625, higher levels of In(DHEAS)
and In(DHEA) were associated with lower In(TG peak)
values, and higher levels of In(E2) and In(El) were
associated with lower levels of In(ATc) (Tables S4-S6).
Other associations were no longer nominally statistically
significant.

In secondary analyses that included all hormone levels
and covariates in one model per hemostatic factor level,
there was evidence of a significant association between
differences in hormone levels and differences in PSAg
levels (likelihood ratio test, P = 0.0020). Likelihood ratio
tests suggested no evidence of associations between levels
of other hemostatic factors and differences in hormone
levels when all hormones were included simultaneously as
predictors.
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Discussion

In this cross-sectional study among postmenopausal
women, after accounting for multiple comparisons, higher
El levels were associated with lower PSAg levels, and
higher DHEAS levels were associated with lower values
of two TG measures. The inverse association between El
levels and PSAg levels was in the direction associated
with greater VT risk, as hypothesized. However, the
inverse association between DHEAS levels and both TG
peak and ETP suggested differences in TG measures asso-
ciated with lower VT risk, which is the opposite of what
we hypothesized. When we accounted only for multiple
comparisons made within each hormone, there was also
evidence that higher E2 and DHEA levels were associated
with lower PSAg levels, higher El levels were associated
with lower ATc levels, and higher DHEAS levels were
associated with lower nAPCsr values.

E2, E1, and SHBG

There was some evidence that higher E2 and EIl levels
may be associated with lower PSAg levels, and that
higher El levels may be associated with lower ATc levels.
After accounting for all comparisons, evidence for an
association between higher El levels and lower PSAg
levels persisted. It has been suggested that lower levels of
the natural anticoagulant PSAg may be associated with a
greater risk of incident VT in studies of thrombophilic
families, but evidence for this association in population-
based settings is lacking [18].

Other studies have reported mixed findings relating
estrogens and SHBG levels to hemostatic factors, but
these studies have included women of different ages and
menopausal stages, and have included primarily different
hemostatic factors than were included in our study
[25,26]. In the Study of Women’s Health Across the
Nation (SWAN), which included women aged
42-52 years at baseline, E2 levels were not associated
with FVIIc levels [27], in agreement with our study, but
lower SHBG levels were associated with higher FVIlc
levels [10]. Although measures of PAI-1, tissue-type plas-
minogen activator (t-PA) and fibrinogen were not avail-
able in the HVH study, estrogen levels have been
positively associated with fibrinogen levels [25,26], and
negatively associated with PAI-1 and t-PA levels [27], and
SHBG levels have been positively associated with PAI-1,
t-PA and FVIIc levels [10] in other studies of women in
midlife and postmenopause.

Total T and free T

We found no significant evidence that total and calculated
free T levels were associated with hemostatic factor levels.
SWAN investigators also reported no evidence of an
association between total T and FVIIc levels, but they

reported a positive association between total T levels and
PAI-1 and t-PA levels [10].

DHEAS, DHEA, and androstenedione

We found some evidence that higher DHEAS levels may
be associated with lower TG peak, ETP and nAPCsr
levels, and that higher DHEA levels may also be associ-
ated with lower PSAg levels. After adjustment for all
comparisons made, the association between higher
DHEAS levels and lower TG peak and ETP levels per-
sisted. Associations between DHEAS and DHEA levels
and measures of TG and nAPCsr were in the direction
opposite of that hypothesized, suggesting a possibly lower
risk of VT.

The relationships between measures of TG and nAPCsr
and the levels of these adrenal steroids have not been
evaluated in other populations of postmenopausal
women, and additional study is warranted. Other studies
of midlife and postmenopausal women have reported that
higher DHEAS levels are associated with higher PAI-1
[10], t-PA [10] and fibrinogen levels [10,25].

The relationship between endogenous DHEAS and
DHEA levels and cardiovascular biomarkers and events,
including VT, is unclear. We hypothesized that higher
levels of these precursor steroids would be associated with
differences in hemostatic factor levels associated with
greater thrombotic risk, owing to their downstream meta-
bolism to endogenous estrogens and androgens. However,
given that DHEAS and DHEA levels decrease with age,
other investigators have hypothesized that the increased
risk of CVD with advancing age may be associated with
declining levels of serum DHEAS and DHEA [28], in
contrast to our study’s original hypothesis.

Biological plausibility

We found statistically significant evidence that higher El
levels are associated with lower PSAg levels, and that
higher DHEAS levels are associated with less TG. Estro-
gens and androgens, and the adrenal steroids, DHEAS
and DHEA, may plausibly interact with functional andro-
gen and estrogen receptors on vascular endothelial and
smooth muscle cells [29,30]. Activated endothelial cells
may express TF, which, in conjunction with activated
FVII, initiates the extrinsic pathway of the coagulation
cascade [31].

It is unclear whether any association between endoge-
nous hormone and hemostatic factor levels would trans-
late into an association with clinical cardiovascular
endpoints. In a recent study that included post-
menopausal women, there was no evidence that endoge-
nous levels of E2 and total T measured by immunoassay
were associated with VT risk [32], but the investigators
did not evaluate VT risk in relation to E1, SHBG or
adrenal precursor steroid levels.

© 2016 International Society on Thrombosis and Haemostasis



Endogenous steroid hormones and hemostatic factors 87

QUOULIOY SNOUIFOPUD UT AOUIIJIP
ds-1 Jod ‘10300 OneIsowey Jo (IS | Ul 0uaIejIp juddrdd aferoae pasnlpyl -uorsudiradAy pajeory pue ‘esnedouswr [eo1SIns ‘OseasIp JIenoseAorpred Jouid ‘AI0IUYIQ/eoel ‘sdjoqeIp pajean)
‘Unjows JUALIND ‘Xdpul sSew Apoq Ieaul] ‘988 I1edUI| 10] PAISNIPY 4 '$T900'0 > d JO [9AJ] [RUIUOU © B AJUO JUBOYIUSIS 918 1Y) SUOIIRIOOSSE SAIBIIPUL P[OF "69000°0 > d JO [OAJ] PIIOILI0D SUOSI
-redwod oidnnur e je jueoyiuSIs o1e Jey) SUOIBIOOSSE SAJLIIPUL JI[BII P[og "UONBIAIP plepue)s ‘S ‘uoSnue § urwjoid (8101 ‘SySd ‘oner Ayanisuss O umjold pejeanoe pazieuliou ‘IsHJyu A
-AIOE JIA 1010B] OIIAA ‘Jenusjod uiquioly) snoussopud ‘dId erejns auoidsorpueidooipAyep ‘SygdHJ QuotdsorpueidooipAyop ‘YAH [BAIIUI 9OUIPYUOD ‘[ ‘ANANOR UIQUOIYINIUR DY

(€£90°0 01 $€°0 —)

200 — 9 11°0 )

T109 041 —)

TPl — LT°0 v1°0 — TLT — £00°0 $90°0 — 691 — #50°0 69 — (6°81) 60T 0T (%) 3vsd
F1rroory1ro —) (L£O0 03 1€0°0 —) 8501t —)
99°0 ¥6°0 L5000 9T L8°0 82000 ST ¥8°0 €50 (6°€T) 8501 #TI (%) oLV
(1€°0 01 00 —) (8100 — Oy ¥1°0 —) ('8 01 8°01 —)
€T — 18°0 €00 — 98T — 1100 8L0°0 — ST — 18°0 SI'T — 09¢) T'1€T  9TI (%) oIIAA
(1¥00°0 03 L10°0 —) (LP000°0 — 01 $900°0 —) FE0 — M1 )
€01 — €0 ¥900°0 — 81T —  $20°0 ¥€00°0 — 0pE — 8100°0 680 — @D o1 o1 ISDJVU
(€10°0 03 1€00°0 —) (6200°0 03 1100°0 —) (€5°0 01 $80°0 —) (urur)
$01 €0 87000 08 8€°0 160000 611 S1°0 €0 (L8°0) v+ 1€1  eed 03 swrL
(LLOO'0 O3 €£€00°0 —) (1600070 01 €100°0 —) 01001 €770 —)
99 €r0 720070 96°0 — SL0 LT000°0 — 8 — €r0 L9070 — (€9°0) €T 1€1  (urw) swm Sey
F1016¢ —) cro—o¢r1-) (F'69—011°7IC —) (uTurx wu)
€L — 1t°0 €01 — €0T — 81070 99°0 — 0P — 910000 20T — (8890 6'¥1CT 1€l drda
(0€°0 01 88°0 —) (€00 — 01 1€°0 —) (zzg — 01665 —) (wu)
101 — ¥€°0 6C°0 — €6T — S10°0 LT0 — TrE — 15000070 80r — (8%S) 1'19T  1€1 anfea yead
UuonBIdUAS UIqUIOIY ],
s ur onfea-d (1D %S$6) OUAIIP Las ur onjea-g +(ID %S6) UIIIIP lasur onpea-d (1D %S6) 9oUIYIP (@s) ueowr  u
QOUAIJIP 9, oFeroae pasnlpy QOUIRJJIP oFeroae pasnlpy QOUIRJJIP oFeroae parsnlpy 10)08]
pasnlpy % pasnlpy % pasnlpy OlE)SOWSH
(1°61) 8°6¢ (S'z8) TOIT (9%°0) TS0 (as)

uedw QuowIOH

(1€1 = u) (,_7Ip Su) SuoIpaud}soIpuy

(1€1 = u) (,_71p 8u) VAHA

(1€1 = ) (,_T1w 81) SYaHA

uowom [esnedousuwisod ur S[OAJ] J0JOBJ O1IBISOWAY PUE S[OAJ] PIOIA)S JOSINOAIA UIMII] SUOIIBIOOSSE [BUOIIIIS-SSOID PO[OPOW-UOISSIIZII IBIUIT B

© 2016 International Society on Thrombosis and Haemostasis



88 L. B. Harrington et al

Limitations and strengths

Due to the cross-sectional nature of this study, it cannot
be determined whether differences in hormone levels may
alter hemostatic factor levels, or vice versa. Our study’s
relatively small sample size limits power, and additional
studies in larger samples are warranted. Plasma samples
were stored prior to the measurement of hemostatic factor
and endogenous hormone levels. The effect of long-term
sample storage on hemostatic factor levels is unclear [§],
but many hemostatic factor measurements appear to be
relatively stable in plasma samples stored for up to 2 years
[33]. Although the rank order of endogenous steroid hor-
mone levels, including E2, total T, and free T, appears to
be relatively stable over at least 3 years of storage [34],
long-term sample storage appeared to decrease SHBG
levels in the Baltimore Longitudinal Study of Aging in
men [35]. Although the women eligible for this study were
not using HT at the time of phlebotomy, and no partici-
pants had used HT in in the 2 months prior to blood
draw, women who had previously used HT were included;
we did not evaluate differences by ever versus never HT
use, owing to our study’s relatively small sample size. Fur-
thermore, our study predominantly included women in
late postmenopause; therefore, it was underpowered to
evaluate the possibility of an interaction by early versus
late postmenopausal status.

Our primary analyses included all observations. In sensi-
tivity analyses that excluded women with possible outlying
hormone values, estimated adjusted average differences in
hemostatic factor levels were similar. As expected, associa-
tions and P-values were slightly diminished, with two of
the three primary findings remaining significant at a level
of P <0.00069 (DHEAS with TG peak, and DHEAS with
ETP). Although normality of the exposure and outcome
variables is not required to fit a valid linear regression
model [36], in small samples, the largest observations of
explanatory variables with skewed distributions can have a
large influence. To reduce this influence, we conducted
sensitivity analyses using natural log-transformed hormone
and hemostatic factor levels to determine impact on the pri-
mary analyses. The results from natural log-transformed
analyses suggested similar directional differences in hemo-
static factor levels as in primary analyses, but several asso-
ciations that had been statistically significant in primary
analyses became non-significant, and two associations
(E2 with ATc, and DHEA with TG peak) became signifi-
cant at a level of P < 0.00625. Although there was some
difference in the significance of associations, it is unclear
whether the transformed data better represent associations.
Given that few published studies have evaluated the associ-
ations between hormone levels and hemostatic factor levels
in postmenopausal women, it will be of interest to deter-
mine whether associations identified as significant in
primary and sensitivity analyses are present in other study
populations.

A strength of our study was the inclusion of measures
of TG, which is a global marker for thrombotic risk.
Another strength is that our study utilized sensitive
LC-MS/MS methods of hormone measurement, which
enabled us to capture generally low levels of endogenous
hormones present in postmenopausal women.

Conclusions

In this study of postmenopausal women not currently
using HT, we found statistically significant evidence
that higher El levels were associated with lower levels
of the natural anticoagulant, PSAg. We also found that
higher DHEAS levels were associated with less TG, a
directional difference that is generally associated with
less thrombotic risk. When we corrected only for com-
parisons made within hormones, there was some sugges-
tion that higher E2 and DHEA levels were associated
with lower PSAg levels, that higher El levels were asso-
ciated with lower ATc levels, and that higher DHEAS
levels were associated with lower nAPCsr values. Repli-
cation efforts in a larger study would strengthen our
understanding of the potentially complex relationship
between endogenous hormone levels and thrombotic
risk.

Addendum

L. B. Harrington, B. McKnight, S. R. Heckbert, N. F.
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rington, B. T. Marck, S. R. Heckbert, B. M. Psaty, F. R.
Rosendaal, A. M. Matsumoto, and N. L. Smith designed
the collection of data. L. B. Harrington performed statis-
tical analyses. All authors contributed to the interpreta-
tion of data, provided substantial scientific contributions
to the revisions of the manuscript, and approved the final
version of the manuscript.
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Table S1.
levels.
Table S2. Spearman correlations between hemostatic fac-
tor levels.

Table S3. Spearman correlations between endogenous
hormone levels and hemostatic factor levels.

Table S4. Linear regression-modeled cross-sectional asso-
ciations between natural log-transformed endogenous
estradiol, estrone and sex hormone-binding globulin levels
and natural log-transformed hemostatic factor levels in
postmenopausal women.

Table SS. Linear regression-modeled cross-sectional asso-
ciations between natural log-transformed endogenous
testosterone levels and natural log-transformed hemo-
static factor levels in postmenopausal women.

Table S6. Linear regression-modeled cross-sectional asso-
ciations between natural log-transformed precursor ster-
oid levels and natural log-transformed hemostatic factor
levels in postmenopausal women.

Fig. S1. Scatterplots depicting the unadjusted relation-
ships between hormone levels and hemostatic factor levels
that, in adjusted linear regression models, reached a level
of statistical significance of P < 0.00069.

Fig. S2. Scatterplots depicting the unadjusted relation-
ships between hormone levels and hemostatic factor levels
that, in adjusted linear regression models, reached a level
of statistical significance of P < 0.00625 but did not reach
statistical significance at a level of P = 0.00069.
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