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Sex Differences In lipids:
Epidemiology




Epidemiology of Cholesterol in Women

e Based NHANES data representing the U.S. population from 2015-2018:
—52.3 million women (40.4%) have a total cholesterol 2200 mg/dL
—15.8 million women (12.1%) have a total cholesterol 2240 mg/dL
—10.3 million women (8.5%) have a HDL-C <40 mg/dL

e From NHANES data 2013-2016:
—34.8 million (27.6%) of women had an LDL-C 2130 mg/dL

* Total cholesterol levels are similar for women and men <35 years; however,
subsequently there are sex-specific differences by age.
—Compared to men, total cholesterol is lower in women for ages 35 to 49
years
—Then higher in women compared to men after age 50

%' @ErinMichos



Familial Hypercholesterolemia (FH)

* Approximately 1 in 250 people has
definite/probable FH

Autosomal dominant
20-fold increased CVD risk

* FH phenotype (LDL-C >190 mg/dL) has
acceleration in CHD risk

— 10 to 20 years in males
— 20 to 30 years in females

e ~30% of untreated women with FH will
have a Ml before age 60

— Continues to be undertreated

Singh A et al. J Am Coll Cardiol. 2019;73(19):2439-2450.
Virani SS, et al. Circulation. 2020;141(9):139-596.

Prevalence of Familial Hypercholesterolemia Among Young Adults with Myocardial Infarction (MI):
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Treatment Opportunity for Young Adults with a Familial Hypercholesterolemia (FH) Diagnosis:

O

Average low-density
lipoprotein cholesterol of
180 mg/dl in familial
hypercholesterolemia
patients at presentation
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of the patients are not on
statin therapy, prior to MI
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43% only 49%

of familial hypercholesterolemia
patients are discharged on
high-intensity statin, post MI

D |

At 1-year follow-up only 43% of familial hypercholesterolemia patients achieved >50%
reduction in low-density lipoprotein cholesterol

aH

10% of familial hypercholesterolemia patients die during 11 years of follow-up

;

An opportunity persists for more aggressive low-density lipoprotein cholesterol lowering
in young familial hypercholesterolemia patients post MI
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FH and women - long term CVD risk

Women with FH lose their female
protection against CVD

No sex differences in age at the first
CVD event or age at the time of death.

Same age of onset of CVD as men
100 —
?Possible role — loss years of statin . a0
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Increased risk in women with LDLR mutations. Journal of clinical lipidology. 2016;10:101-8 e1-3. Pages 1398-1405,
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Lipid Levels iIn Women:
Menses, PCOS, &
Menopause




Variance (total cholesterol, LDL-C and TG) (mg/dI)

Change In lipid profile during
menstrual cycle
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e TCand LDL-C levels increase rapidly after menses, peaking during the follicular phase and
then declining throughout the luteal phase.

* Peak levels of TC and LDL-C were observed during the follicular phase prior to the rise and
peak of estrogen, with TC and LDL-C levels declining during the luteal phase, corresponding to
rising and peak concentrations of estrogen and progesterone.

* HDL-C levels were highest around ovulation, corresponding to high levels of estrogen,
whereas triglyceride levels varied without a consistent pattern across the cycle.

’ @ErinMichos

Significant reductions in total cholesterol, HDL
cholesterol, and triglyceride concentrations in
the luteal phase relative to the follicular phase

Mumford, Sunni L et al. “Variations in lipid levels according to menstrual cycle phase: clinical
implications.” Clinical lipidology vol. 6,2 (2011): 225-234.
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CYW Cardio-Metabolic Risk in PCOS

Polycystic ovarian syndrome —
2 fold CVD risk

Meta-analysis of five cohort studies on the risk of CHD and stroke in PCOS.

%
Author  Endpoint ES (95% ClI) Weight

T

Cibula  Nonfatal CHD ) 424 (1.96,9.17) 12.44

Lunde MNonfatal CHD and stroke E 0.92 (0.21,3.98) 4.18
Shaw Fatal/Nonfatal CHD and stroke —;—-—— 2.30(1.40,3.78) 22.31
Solomon Fatal/Nonfatal CHD and stroke _":F 1.67 (1.35,2.07) 41.14
Wild Nonfatal CHD and stroke —-ol-— 1.80 (1.10,3.28) 19.94
Overall (l-squared = 42.4%, P =0.139) <> 2.02 (1.47,2.76) |100.00

i

i

i

51t ¢

de Groot P et al. Hum. Reprod. Update 2011;17:495-500

Osibogun O.....Michos ED. Trends in CV Medicine 2019
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Metabolic Changes at Menopause

e Visceral fat: * adipose deposition in
abdomen and abdominal cavity

e Dyslipidemia: P TG, 1 LDL-C, {, HDL-C
e I Lp(a) at menopause

e Insulin dysregulation: " Insulin resistance,
J, insulin secretion

* Endothelial dysfunction

e " Blood pressure
e I Sympathetic tone

’ @ErinMichos



Change In Lipids After Menopause
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Lipid Levels In Women:
Pregnancy
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Cardiovascular Health among US
Pregnant Women

From 1999 to 2014: <1in 10 US

100 pregnant women, aged 20 to 44 years
W% .
Y m0% had hlgh CVH
_E 0%
g Among pregnant women, the prevalence
 son of ideal levels of CVH metrics were 0.1%
5 for diet, 27.3% for physical activity,
S 2o 38.9% for total cholesterol, 51.1% for
- body mass index, 77.7% for smoking,
Physcal - Smokng B0 J”‘T"  Fasting 90.4% for blood pressure, and 91.6% for
B Poor Intermediate mldea : faStIng glucose
Figure 1. Status of individual cardiovascular health metrics among pregnant women, aged 20 to 44 years, The mean tOtal CVH SCOre WaS 8.3 Of 14
in the United States, 1999 to 2014*. All estimates are based on population-weighted data from the . . .
e e et s+ High CVH in 4.6%, moderate CVH in
plood pressure. 60.6%, low CVH in 34.8%.

Perak AM et al. J Am Heart Assoc. 2020;9(4):e015123.
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*Total cholesterol and TG
levels rise during pregnancy,
so women with known lipid
disorders are recommended
to have consultation with a
ipid specialist prior to

oregnancy.

g Cholesterol iIn Pregnancy

Fig. 1
mmol/L .
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2
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0
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The changing curve of maternal blood lipids during pregnancy (Abbreviations: TC, total cholesterol;
TG, triglyeerides; HDL-C, high-density lipid cholesterol; LDL-C, low-density lipid cholesterol)
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Statins in Pregnancy

e “Our findings show no clear
relationship of congenital anomalies

Early uncontrolled case series reported : . .
4 P with statin use in pregnancy, and

congenital anomalies associated with

statins our study supports the findings that
More recent observational studies showed statins are probably not teratogenic.
no increased risk of congenital anomalies However, until more information is

Karalis et al performed systematic review of available, statins should still be

16 clinical studies : : .
avoided in pregnancy.
Karalis DG et al. J Clin Lipidol 2016; 10: 1081-1090

July 2021: FDA removes strongest label warning regarding statins in pregnancy

Most women may stop statin prior to pregnancy but allows flexible options for
women at highest CV risk

%' @ErinMichos
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Statins and Breast Feeding

A 38-year-old breastfeeding mother was commenced on rosuvastatin 20 mg daily

. : . . e Very limited data on infant exposure via breast
or secondary prevention after an ACS. Eight maternal breast milk samples and a Ik b t t t d X |
single plasma sample were collected over a 24-hour period. The samples were milK, but estimate expOSU re Is iow.

quantified using a sensitive LC-MS/MS method.

e The average concentration of rosuvastatin in

— 70
= breast milk was 30.84 ng/mL, and a peak
£ .
= 60 concentration of 58.59 ng/mL occurred at 17
o . . .
£ hours after oral administration. Although the
¢ %0 m|Ik-to-ﬁIasma (M/P) ratio was 16.49 at 14
o hours, the theoretical infant dosage (TID) and

40 . .
© relative infant dose (RID) were 0.005 mg/kg/day
€ 30 and 1.50%, respectively.
o
5 a S r— e The findings suggest that only small amounts of
= ks rosuvastatin pass into breast milk. Should the
Q maternal condition necessitate treatment,

000 500 1000 1500 2000 2500  30.00 consideration could be given to the use of

Time after dose (hours) rosuvastatin during breastfeeding provided the
infant is monitored.
Concentration—time curve of rosuvastatin in breast milk

Lwin EMP, Leggett C, Ritchie U, Gerber C, Song Y, Hague W, Turner S, Upton R and Garg S. Transfer
of rosuvastatin into breast milk: liquid chromatography-mass spectrometry methodology and clinical

recommendations. Drug Des Devel Ther. 2018;12:3645-3651 , @ Er| nM iChOS



[
@ Lipid Lowering Therapies in Preghancy

Bile Acid Sequestrants

e Diet/Lifestyle PRO
e Statins Not systemically absorbed, Felt safe in pregnancy
* Removal of strongest warning label Lower LDL-C by ~15-20%
* Most pregnant patients should still stop
o CON
e Ezetimibe

Gl side effects (constipation, heartburn, bloating,
stomach pain)

Can elevate TGs (don’t use for TG above 300 mg/dL)

* Pregnancy category C

Bile Acid Sequestrants
* Pregnancy category B (colesevelam) or C

(cholestyramine) or not assigned (colestipol) Reduce absorption of certain meds
* Omega 3 Supplementat|0n FDA Pregnancy Categories
* Pregnancy category not assigned 3 - e Other LDL-C lowering agents —
e no safety data in pregnancy
* Apheresis 8 ko rasoies * PCSK9 inhibitor mABs
* Lipoprotein apheresis is also approved during N“M::’“" * Inclisiran
pregnancy and considered safe for very high i m s cordions * Bempedoic acid
risk women with known significant . ]

atherosclerotic disease or HoFH ettt L . S 5255 MeclscapeCME

%' @ErinMichos



Pre-pregnancy Lipid Levels and Risk

of Pre-eclampsia

3494 women who gave birth after participating in the Nord-Trgndelag health study at
baseline; of whom 133 (3.8%) delivered after a pre-eclamptic pregnancy

Pre- aOR* of pre- | Pre- aOR* of pre-
pregnancy eclampsia pregnancy eclampsia
Lipid Levels Lipid Levels

Triglycerides (mg/dL) HDL-C (mg/dL)

<60 REF <46 1.3 (0.8, 2.4)
60-80 1.1 (0.6, 2.0) 46-54 1.3(0.8, 2.2)
80-100 1.0 (0.6, 1.9) 54-58 1.3 (0.7, 2.5)
100-135 1.0 (0.5, 1.8) 58-65 1.1 (0.6, 1.8)
>=136 1.6 (0.9, 2.9) >=65 REF
Total Chol (mg/dL) LDL-C (mg/dL)

<158 REF <95 REF
158-174 1.3(0.7, 2.4) 95-112 1.4 (0.8, 2.6)
174-190 1.0 (0.5, 2.0) 112-128 1.4 (0.7, 2.5)
190-216 1.2 (0.6, 2.3) 128-147 1.1 (0.6, 2.1)
>=216 2.1(1.2,3.8) >=147 2.4 (1.3,4.3)

tAdjusted for maternal age at birth, duration between the baseline study
and index delivery, education, parity, previous pre-eclampsia, smoking,
receiving social security benefits, and time since last meal.

Medical Birth Registry of Norway. Analyses included 13 217 singleton pregha
(average of 1.59 births to 8321 women) without preexisting hypertension

aOR* of pre-
eclampsia with

aOR* of pre-
eclampsia with
term delivery

aOR* of pre-
eclampsia

Pre-pregnancy
Lipid Levels

pre-term delivery

TG (mg/dL)

<150 REF REF REF

>=150 2.4 (1.71-3.30) 2.3 (1.29-4.07) 2.4 (1.65-3.52)
Chol/HDL ratio

<5.0 REF REF REF

>5.0 1.8 (1.17-2.84) 2.4 (1.24-4.65) 1.6 (0.94-2.85)

Multinomial logistic regression model included covariates: baseline age (years), daily smoking (yes vs no), parity (0, 1, >2),
pregravid diabetes mellitus, pre-CONOR history of gestational hypertension or preeclampsia, marital status
(married/common law partner vs other), region of survey (Oslo vs other), education (€12, 13-16, 217 y), and time between
CONOR and delivery (months); mother was entered as a cluster variable.

Magnussen EB et al. BMJ
2007;335(7627):978.

Grace M. Egeland GM et al.
Hypertension. 2016;67:1173-1180
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Abnormal trophoblastic invasion

Y

Impaired spiral artery remodeling

Placental
malperfusion

AAAAAAAAAAAAAAA Anglogenic Imbalance Inflammation

,’ sFi-1 p|ar Tht pro- inflamatory +Th2 anti-inflammalory
okines

cytokines
b (TNFa, N, ¥ (L4, IL-10)
L1, 1L2)

Endothelial dysfunction/injury

*‘v‘EGF *e""s 1’ ET1
l

Clinical
preeclampsia

Smith DD et al American Journal of Obstetrics & Gynecology 2020

Pathophysiology of preeclampsia

-1 Oxidative stress -------=----
+Hm Free
radicals

Statins for Prevention of Pre-eclampsia?

Statins mechanisms of action in preeclampsia

Statins
Decrease abnormal trophoblastic
invasion

¥

Impaired spiral artery remodeling

3 Statins
Improve placental

Stating ———— Statins
Restore angiogenic
‘ S ‘ Decrease inflammation f-------
+5FH PIGF *Tm pro- inflamatory m am-mﬂarnrnatory
sEng EGF
(TNF-a, IFN-y, (IL-4 IL- 10]
IL-1, IL-2)

| Restore normal endothelial
function
Statins

*VEGF *e:gs + E:aﬂm
l

Prevention of clinical
preeclampsia

_ Stalins Placenla
Radnmo:idatm
Matemnal
HD-1 +
tadicals

¢ Women with early-onset preeclampsia have

been found to have higher circulating levels
of soluble fms-like tyrosine kinase-1 (sFlt-1)

¢ sFlt-1 causes vasoconstriction and

endothelial damage that may lead to fetal
growth restriction and preeclampsia

e Statins reduce soluble Flt1, and quench

endothelial dysfunction

’ @ErinMichos



Pravastatin Versus Placebo in Pregnancies
at High Risk of Term Preeclampsia

100+
5 %0- o
B e 1120 women with singleton
2 80— : . :
£ regnancies at high risk of term
= 70- : : .
§ — preeclampsia to receive pravastatin 20
g 90+ mg/d or placebo from 35 to 37 weeks
O 50- Placebo of gestation until delivery or 41 weeks.
(4]
= - . . .
g 40 e The primary outcome was delivery with
< P y y
e 30 Pravastatin preeclampsia at any time after
= L
S 20- randomization.
I . :
s W e Cox regression showed no evidence of
E . .
3 o- an effect of pravastatin (hazard ratio
3'? sla 3‘9 | | | for statin/placebo, 1.08 [95% Cl, 0.78—
40 41 42
. 1.49]; P=0.65).
No. at Risk Week of Gestation at Delivery ] )
Pravastatin 448 483 346 141 39 2
Placebo 439 480 358 165 32 3

Dobert. M et al. Pravastatin Versus Placebo in Pregnancies at High Risk of Term Preeclampsia, Circulation 2021; 144(9),: 670-679, ’ @ErinMichos



‘( Pravastatin to Prevent Preeclampsia
an RCT

e Randomized controlled multi-center clinical trial

* 1,550 women with a prior history of
preeclampsia that required delivery at less than ClinicalTrials.gov Identifier- NCT03944512

or equal to 34 weeks

e Current gestational age at randomization Recruitment Status @ : Recruiting
between 12-17 weeks days based on clinical First Posted @ - May 9, 2019
information and evaluation of the earliest | ast Update Posted @ - October 22. 2020
ultrasound o n PR PTHEIE EATIESE et _ |

See Contacts and Locations
e Randomized to 1:1 to one of two arms
e 20 mg pravastatin daily .. :
- Identical appearing daily placebo Maternal Fetal Medicine Units

e Outcomes Network clinical centers

* Primary outcome: Proportion of participants with
composite of preeclampsia, fetal loss and maternal
death [Time Frame: 48 hours postpartum ]

* Secondary outcomes include Ipreterm delivery, severe
preeclampsia, any gestational hypertension,

gestational diabetes % @ErinMichos



FH and Pregnancy

e Women with FH do not have a
increased risk of
 Premature Delivery
e Low birth weight infant
e Congenital malformations
* Pre-eclampsia/HELLP
e ?Myocardial infarction

* |In some countries it is possible to
test mutation in cord blood

e Lipid levels in children with FH
and similar if inherited via
mother/father

Toleikyte | et al. Pregnancy Outcomes in Familial
Hypercholesterolemia, Circulation 2011 Volume: 124, Issue: 15, . .
Pages: 1606-1614, DOI: (10.1161/CIRCULATIONAHA.110.990929) , @EFIHMIChOS



Step-wise approach of lipid

management In pregnancy

Clinician-guided discussion

on pregnancy risks with
lipid-lowering therapy,
and pre-pregnancy
counseling.

Consider further risk
stratification for residual
risk with CAC, Lp(a), and

hsCRP,

Encourage guideline-
recommended lifestyle
modifications

For high-risk patients (FH,
premature CVD) ensure
effective contraception

with open
communication of
changes in pregnancy
plans while on statin
therapy
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Consider referral to a lipid-
lowering specialist

YOUNG WOMEN OF CHILDBEARING AGE WITH HLD
(BEFORE PREGNANCY)

In general, ensure all
teratogenic medications
are discontinued

Ensure up to date lipid

profile (within 1 year) is

available for a baseline
prior to pregnancy

Aggressive lifestyle
modifications

DURING PREGNANCY AND LACTATION PERIOD

Avoid teratogenic lipid-
lowering therapy

Maintain or intensify
lifestyle modifications if
warranted

If lipid-lowering
medications are needed,
consider referral to a
lipid-lowering specialist

Avoid statin use during
breastfeeding periods

Can resume statin if there
are no plans for
breastfeeding and if
indicated

Grant JK et al. Current Cardiology Reports 2022
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Discuss future pregnancy
plans and methods of
contraception if on lipid-
lowering therapy

Can resume pre-pregnancy
lipid-lowering therapy or
start new agents if
clinically warranted after
pregnancy counseling

Routine cholesterol
monitoring

Consider adverse events
(pre-eclampsia,
eclampsia, gestational
HTN, gestational DM)
during pregnancy in CVD
risk assessment Maintain
heart-healthy lifestyle
modifications

, @ErinMichos



Efficacy by Sex




Statin Recommendations for Women

? Statins for ASCVD prevention in women ,;'

Primary Prevention
gochn * Age 40-75 years
Clinical ASCVD at low risk (<5%)

Primary hyperlipidemia

h & Pregnancy
LDL-C 2190 mg/dl « Pregnant

Diabetes mellitus « Intending to get

pregnant in the

Primary Prevention S AT

Age 40-75 years and

« High risk (220%) or

* Intermediate risk
( 27.5% to <20%) with
risk enhancers*

* Consider sex-specific risk enhancers: premature menopause and pregnancy-associated conditions that increase ASCVD risk

From Cho L, ...... Michos ED....Volgman A. JACC 2020:75(20)2602-18
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Statins: Similar Benefit for Women and Men

WY Sl BN A S

Primary Event By Primary vs. Secondary Prevention (Women)

Sy Swiyreme  Subaroupwhhinstey Statistics for each study Events/Total _Ddds ratio and #5%C1
- Odds  Lower  Upper

ratie  bmk  Gmk pNabe  Active Control
PRIMARY AF.TEXCAPE WOMEN 453 LiF3] 134 847 7489 13 /428 —_—
PRIMARY ALLHAT-LLT WOMEN asd are 113 05253 2B0/251 27T 2540
PRIMARY ASCOT LLA WOMEN 110 057 211 07748 194979 171963 %'
FRIMARY AURORA WOMEN 101 077 132 09549 149 /538 1417512
PRIMARY HPS WOMEN ara 0E7 oo o0001s 367 (2542 450/2540 '
FRIMARY JURITER WOMEN 054 037 0BT ODD2S 3903426 70/337H .
PRIMAR Y MEGHA WOMEN oT4 045 123 02481 2612638 36/2718 L
FRIMARY FROSPER WOMEN ass art 198 07T 18611495 1941505 -
PRIMARY 085 078 088 o209
SECONDARY 45 WOMEN 192 gE4 18T 0BBES 270407 261420
SECONDARY ATOZ WOMEN [1]:)] 066 124 05508 81549 @ /552 ——
SECONDARY caRE WOMEN 050 033 076 0D0S 46286 801290 —
SECONDARY CORONA WOMEN 085 065 110 02130 138583 1557587 _.--
SECONDARY GIEEP WOMEN [T 03s 127 03 237284 23/203
SECONDARY GREACE WOMEN 042 021 0854 00141 131176 271168 —_—
SECONDARY LPD WOMEN ag 082 107 01374 1121766 1347760 —T
SECONDARY FROVE-T WOMEN QB3 051 054 ODITE  BAGS 1200446 —a—
SECONDARY THT WOMEN a80 086 088 boig2 2927844 347 FBE1 —.—
SECONDARY SEARGH WOMEN 0BS  0EE DS D1z 20001025 2281025 i
SECONDARY ara 70 088 00000 <>
Qusral amt 074 0Be 00000 Interactian p = 0.3397 L 3

P . S d L8] 0z os 1 z 5
rimary econdary

HR 0.85 (0.75, 0.98) HR 0.78 (0.70, 0.88) Favors Actie Favers Contrl

Implication: Statin therapy
should be used in appropriate
patients without regard to sex

Kostis et al. JACC 2012;59:572-82.
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IMPROVE-IT: Benefit of Ezetimibe In Women

WY Sl BN A S

Women (n=4,416)

8

EZE/SIMVA vs. PBO/SIMVA
HR 0.88(0.79-0.99)

20

Probability of Primary Events (%)
g

Ezetimibe/Simva
==="Placebo/Simva

T T T T T T T T

0 1 2 3 4 § ] lj

Time (yr)

Probability of Primary Events (%)

s

g

o
-]

10

Men (n=13,728)

EZE/SIMVA vs. PBO/SIMVA
HR 0.95 (0.90-1.01)

— Ezetimibe/Simva
- == Placebo/Simva

T T T T T T T

1 2 3 4 5 & 7
Time (yr)

P interaction = 0.26

Kato ET et al

.J Am Heart Assoc. 2017;6: e006901. DOI: 10.1161/JAHA.117.006901.

1400

Mumber of primary endpoint events
E3 @ o 5 ﬂ
g 8 8 8 %

[
Q
=

Women
(n=4416)

RR 0.81 [0.71-0.94]
P=0.004

® additional events
m first event 4000

Mumber of primary endpoint events

Placebo/ Ezetimibe/
Simvastatin Simvastatin
1153 events 979 events

Men
(n=13728)

RR 0.94 [0.87-1.02]
P=0.12

® additional events
= first event

Placebo/ Ezetimibe/
Simvastatin Simwvastatin
3830 events 3583 events

P=0.08 for interaction by sex

w wrinMichos
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FOURIER: Benefit of PCSK9i In Women

il Tobutla-Eviri sy
=—r—— htair-Placobo
e Ermaln-Snmak
e "y e -Flaceby

Evomab: evolocumab;

Women

Evolocumab placebo
Total Events  36-month  Total, Events, 3&6-menth Log rank
Subgroup ] N KM (%) N M KM (%) HR (35% Cl) P value | F—
Primary endpoint
Male 10,397 1068 13.50 10398 229 15.32 0.B6 (0.80-094) =0.001 0.477
Female 3387 276 9.88 3382 334 12.54 0.81 (0.69-0.25) 0.008
Secondary endpoint
Male 10,397 643 839 10,398 785 10.17 081 (0.73-020) =0.001 0436
Female 3387 173 6.48 3igr 228 217 0.74 (0.61-0.30) 0.003

Women

Men
L] 1 T I L 1
45 T i 10 144 AhE

Tlme [waak) post-randomizaion

Evolocumab significantly and consistently reduced the primary endpoint of cardicvascular death, myocardial infarction, stroke, unstable angina requiring
rehospitalisation, and coronary revascularisation, and the key secondary endpoint of cardiovascular death, myocardial infarction and stroke and in men
and women. Mo statistical evidence of treatment effect madification by sex was obsarved (P . yei0, = 048 and 044 for the primary and key sacondary
endpoint, respectively).

KM: Kaplan—-Meier; Cl: confidence interval; HR: hazard ratio.

Sever P. Eur J Prev Cardiol 2020 Feb 4;2047487320902750

, @ErinMichos



Inclisiran: Safety and Efficacy by Sex
Pooled Data from Orion 9, 10, 11

e Of a total 3660 patients, 32.5% were females and 67.5% were males.

e At baseline, females were less likely to receive statins [or high-intensity statins] (90%
[70%] vs 93% [76%]), or have ASCVD (73.6% vs 90.3%)

e Females had higher LDL-C at baseline (122.9 mg/dL vs 105.8 mg/dL)
e Efficacy and safety of inclisiran vs placebo was similar in both sexes

e Reduction in LDL-C with inclisiran was greater in females than males
» placebo-corrected mean absolute reduction in LDL-C at day 510 (62.6 vs 54.0 mg/dL, P<0.05)

 Most AEs were similar between inclisiran vs placebo for both sexes except for
injection-site AEs that were higher in the inclisiran arm than placebo (females
9.4% vs 0.2%, males 2.8% vs 0.9%).

Wright RSS et al. Abstract 16311. Circulation. 2020;142:A16311 , @ErinMichos



Sex differences in LDL-C response
with Bempedoic Acid

Factors associated with increased rates of
achieving 230% LDL-C reduction with BA

Table 1. LDL-C Levels From Baseline to Week 12 in Patients Who Received Bempedoic Acid

or Placebo In 4 Phase 3 Studies, by Sex A
Women Y Man
Bempedoic Bempedoic :
Acid Placebo Acid Placebo Female vs Male - :—o— P =0.0096
AZSCVINHeFH on stating pool. M SR3 anz 1427 oy " :
Baseline LOL-C, mgfdL, mean (500 1171 (388) 1169 (40.2) 1039(265) 1034 (20.3) HiStOFy of Diabetes - —e— P =0.0021
“ .
LS mean (SE) % change LDL-C —;Ef (0.9] 2.3;-:1.6] —1E|=EI (0n.5) 1.i4ﬂ.$] .
LS mean difference {35% CI) 212 (=248, 17.5) 17.4(-18.2,-15.5) Absence of Statin Use - : —e ' P <0.0001
Fvalue P 0001 P 0.0 " :
Fyalue for sex and {realmenl - (1) (o) I imi . D —e— =
Sl 21% -17% Baseline Ezetimibe Use : P =0.0014
Statin inlolerant poal, N 242 117 173 Bz ) .
Basaling LDL-C, mgfdL, mean (300 1487 (35.1) 1435(364) 1422(38.1) 137.3(30.6) Baseline hsCRP Level - -}.-I P= 9'0003 . .
2 —26.3 (1.4) 1.2{1.7 —20.5(1.7) 1.5{1.7)
Mean (SE) % change LOL-C n = 234) n=108) (=168 (= 81) 0 1 2 3 4
Mean difference (25% CI) =27.7 (=321, =23.2) =221 (=269, =17.2) OR (95‘}/0 C|)
F valua F=0.001 F = 0.0Mm
Fwalue Tor sex and realmenl &
interaction Em .07
ANGOVA, analysts of cowanance; ASGVD, aihercscleratic cardlovascular dsease; G, confidence interval; HoFH, Ballantyne CM et al. J Am Heart Assoc.
heterczypous femilal ypercholesiarlemls; LOL-C, low-derslty lipoprotein chalesierol; LS, least squers; S0, standard
dhavialia . .
LEPFI:-J'IEI.':&. A8% Cls and P-value are based an an ANCOVA with percent change from baseline as the dependant vanable, 2022' 1 1 . e02453 1

shudy and treatment as fued faciars, and baseline as a cavariale. Only abserved data were included in the analyss.

Goldberg AC et al. Abstract 13130. Circulation 2020 , @ErinMichos



2ANH
CLEAR OUTCOMES - CVOT for L)

Bempedoic Acid to report out soon EEEES
14,014 randomized, 48.2% women

Statin
Intolerant
Patients
Bempedoic Acid
¢ :lr:;?;t r:k:;:;:tr;‘ period: 180 mg/day
Screening single-blind placebo (NAFOE0) e s i

Visit §1 Visit S2
(Week-5) (Week-4)

1620 primary
4-component
MACE, at least 810

Visits at Month 1, 3 and 6;
alternating phone contact
and clinic visits every 3 months

Visit T1
(Day 1)

thereafter 3-component
MACE, and treatment for
Placebo at least 2 years.

(N = 7000)

Study design of the CLEAR outcomes study.

NCT02993406 Nicholls SJ et al. Am Heart J 2021 , @ErinMichos



Intensive LDL-C lowering, does baseline
LDL-C matter?

e Meta-analysis of 53 RCTs (329,897
patients) of LDL-C lowering therapies
(statin, ezetimibe and PCSK9 inhibitors)

and stratified according to the baseline
LDL-C thresholds.

Contents lists available at ScienceDirect

American Journal of Preventive Cardiology

Sl e

SEVIER journal homepage: www.journals.elsevier.com/the-american-journal-of-preventive-cardiology L

El

Short Report

Cardiovascular mortality after intensive LDL-Cholesterol lowering: Does n
e Reduction in CV mortality only seen baseline LDL-Cholesterol really matter? &
among those with LDL-C >100 mg/d L Safi U. Khan?, Erin D. Michos ™"

? Department of Medicine, West Virginia University, Morgantown, WV, USA
" The Ciccarone Center Jor the Prevention of Cardiovascular Disease, Johns Hopkins School of Medicine, Baltimore, MD, [ISA

* |n contrast, the reduction in MACE was
independent of baseline LDL-C levels.
e Findings consistent by sex

Khan SU, Michos ED. Am J Prev Cardiol 2020; 100013

_ MACE P-interaction by sex

Men 0.81[0.77, 0.86] 0.28

Women 0.85 [0.80, 0.90]

Table 1. Subgroup analysis of outcomes per 38.7 mg/dL reduction in low density lipoprotein cholesterol in trials with baseline LDL-C >100 mg/dL. ’ @ErinMichos



REDUCE IT: Icosapent Ethyl for Women

L B | H..u\..-

reduce-it

0 0)
‘ 25% ‘ 29% HR (95% CI) p-Value for interaction
A Primary End Point B key Secnndﬂnr End Point

100 . . * .
~ ] TS e = .1 ] tezand o, 074 s 1. n5-0.29 Primary endpoint: composite of cardiovascular deatp, '
% 8 . § B0 - — nonfatal MI, nonfatal stroke, coronary revascularization,
z Eoo- | e or unstable angina
E £l - 8 e
% o e Male 0.73 (0.65-0.82) 0.33°
g E - g : _ : : Female 0.82 (066—101)
g & q o 1 2 a 1 5 . . .
£ 2 Key secondary endpoint: composite of cardiovascular death,
10 nonfatal MI, or nonfatal stroke
S : S A . Male 0.72 (0.62-0.82) 0.44*
Yeara gince Randomization Yoars sinca Randomization Female 080 (062_1_03)
Mo, at Risk Mo. at Riak
Placsta 2000 743 35T 2807 2aLy 1358 Placabo AT 3837 3500 F002 2542 1487
lcosapant styl - S0BO 27T 3431 2067 2403 40 lcogapent sthyl 4083 3861 3365 3113 26B1 1562

Bhatt DL, et al; REDUCE-IT Investigators. N Engl J. Med. 2019;380(1):11-22; , @ErinMichos



Lipoprotein (a) iIn women

tudy objectives: Determine the sex-specific associations of genetically-predicted circulating Lp(a) and

hepatic LPA gene expression levels with cardiovascular outcomes using Mendelian randomization

Randomized clinical trial Mendelian randomization
Clinical randomization Random allocation of alleles
““‘.-.' - '.'n. 4-""“--.-" ....."'-....F
& 22 Genetically-predicted lower liver Genetically-predicted higher liver
RNAI therapies Placebo LPA expression levels/lower Lp(a) levels LPA expression levels/higher Lp(a) levels
= = (mimicking the effect of RNAI) (mimicking the effect of placebo)
. \ 4 : .
Evenly distributed confounders Evenly distributed confounders
Absence of reverse causality Absence of reverse causality
: v v
W YV AR
A VYV & WAV é&
g Y . wwA Y .
{ LPA gene - TR e | LPA gene p i~

£ 3R - ¥ : : ~¥ W 5: . ;
4 expression levels éé‘ b\}:: é& s expression levels £ i&_ e éé
~4 . . T pNee : - r P
S& 4 Lp(a) levels O R N A é&- { Lp(a) levels ?; AR g
B P : (G~ Eé“ e o PGS
#" .

. (7 ol d 41? A AT ;,a:
. :I""F? --“ * * - ........Ill .I‘#“
. ‘-.o.-‘ '..'. '--.-----.,....
v .’ N LTS
. . ] L CAD risk in men and women ¢ IS risk in men and women JL L CAVS risk in men and women
Impa:t oFRINA thetrlaplesdon .cardltc.)vatstcular L\ CAD risk in men J IS risk in men L CAVS risk in men
SUIEQTDEREHITEIRY MUCHr Tcehsnen 4\ CAD risk in women J IS risk in women? 4L\ CAVS risk in women

Study conclusions: Genetically-predicted circulating Lp(a) and hepatic LPA gene expression levels are

associated with a lower risk of CAD, IS and CAVS in men and women included in the UK Biobank
Guertin J et al. Circulation: Genomic and Precision Medicine. 2021;14:e003271 , @ErinMichos



Differences In Lipid
Management: Side Effects
and Treatment Disparities




Women less likely be offered statin an

more likely to decline

Patient and Provider Assessment of Lipid Management (PALM) Registry—a
nationwide registry of outpatients with or at risk for ASCVD

Percent of Patients

11060, 9%
90.0% p=0.001

80.0% 78.4%

70.0% G705

60.0%

50.0%

A0, 0

30,0% p = 0.001

< .00l
20.0% 18.6% L
13.5% p < 0.001 10.9%
10.0%
TYrEE b
0.0% =
On a statin Mever offered a statin Declined a statin Discontinued a statin
Owerall (N=5693)

Michael G. Nanna. Circulation: Cardiovascular Quality and Outcomes. Sex Differences in

B Female Patients (N=2460) Male Patients (N=3233)

Female Male Female vs. Male

Group ni N (%) N (%) Odds Ratio (35%Cl) P Value
Overall

Saate edment BI8512235 (6690 12570016060 (FE3) = 0.70 (0.61-081) <001

GR stalin tregtment 4305111735 (36.7) 702515580 (45.1) ] 0.82(0.73-0:82) <001
Primary

Stalin weatment 37756505 (54) 0156010 (66.8) ] 0,68 (0.54-0.85) <001

GH stalin lreatment HTSE2E0 (11.3) 22505815 (W1 p——] 057 (0.81:1.1%) oo
Secondary

Saatin wearnent 4410530 (77) 855510050 {85.1) — 0.75 (0.62-0.02) 0006

G stalin reatmen 223H54T5 (40.6) ATTSGTTS (48.8) — 076 (0.64-091) DOo2
Age < 75 yrs

Statin freatment GAGSETI0 (66,60 PGB0V 2590 (76.9) ] 0.74 (0.62-0.88) <00

GR stalin trestmen ORS00 (32.1) 475012235 QL8 = .86 (0.75-0.88) 0.020
Age = T5 yrs

Sl vesaman 17207525 (68,1} 2HO0VRETD (A3.3) D ] 057 (0.42-0.77) <001

GR stalin treatmen A0/2435 (54.2) 2ITLIIEE (67.8) A 0,70 (0.55-0.47) 0007
College Education or Above

Stalin weatment 4057037 (66.9) BAINIOFIZ (7R.7) — 0,68 (0.57-082) <001

GR stalin treatment 307660 (35.5) 4837110401 (46.5) F—— 0.70 (0.58-0.83) <001
Incomas (= §100k

Statin eatment B25/520 (67.9) 2190:2700 (81,1) E——— 0,50 (0.40-0.87) 0.008

GA stalin treatmert ISS/BAD 440 3 13152620 (50.2) e | 0.78 (0.52.1.18) 0234
incoame = 35k

Stalin weatment 254004025 (55 6) 250003305 (75.6) b 0.66 (0.51-0.84) <001

GR stalin reatment 125063900 (32.1) 12753200 (30.8) — 0,73 (0.60-0.90 0004
Treated by a Cardiologist

Saatin weatment TR (FAT) STROGTA (45.7) p———] 0085 (0.52-0.82) =001

GR stalin restmen 158413608 (42.8) 38400613 (52.2) e 0.7 (0.58-0.88) 0001
Use of 2013 ACCIAHA Guiteline

Satn voatmaent 51773702 (69 BO4TNOER (0.5 |_"'—{ 0.75 (0.67-0:93) 0009

GFE stalin treatment ITITISA (37T ASO0518 (463 '—‘—1 0,77 (. 6E-0850 < 01

T T T T T
0.4 06 08 1 14

Figure 2. Multivariable modeling results for statin utilization in female vs male patients.

Based on results of a logistic regression model that induded age, race, prior atherosclenotic cardiovasoular disease (ASCVD) grouped into coronaty artery disease
{CAD]), cerebrovascular dsease (CVD), and peripheral vascular disease (PAD), diabetes mellitus, obesity, smoking, hypertension, heart failure, yearly income, insur-
ance staws, education level, patient nurmeracy, patient beliefs including worry about heart disease, physician trust, statin beliefs about sa effectivenass, and
the link between high cholesterol and heart attack nisk, cardiologist vs noncardiologist, use of 2013 American College of Cardiclogy (ACCWAmerican Heart As-
sociation (AHA} guideline, urban vs rural setting, and provider time in practice. in subgroup analyses, the varizble that defined the subgroup was not adjusted for
except in the secondary prevention group where type of ASCVD was included in the model (CAD ve CVD vs PAD). GR indicates guideline recommiended.

the Use of Statins in Community Practice, 2019 Volume: 12, Issue: 8, DOI:
(10.1161/CIRCOUTCOMES.118.005562)

, @ErinMichos



Women are more likely to have SAMS
and to stop therapy

Understanding Statin Use in America and Gaps in Patient Education (USAGE) survey

80 2 =0.002 10,138 adults surveyed in 2011

” Table 4 0dds ratio of women reporting muscle symptoms or

<0.0001 ] . i
R a0 p=0.0004 s Weomen stopping a statin due to muscle symptoms
& Men
20 Odds ratio (95% CT) P value
; " “ New or worsening muscle symptoms
Total CUI:I'E'ﬂt Statin Eu:urm:er Statin Women 1.29 {1]8—1111} =2.0001
I :f’;“d““ : ‘*d ; _ 1 Age adjusted 1.30 (1.19-1.42) <.0001
1gure valence o I'Epl'.}l'l{:? New andyor Worscning muscle - - i
symploms while taking a statin. MI.JLtI‘U'ﬂrIﬂtE_ 1.28 {1.]5—1.#2} =.0001
100 Stopped a statin due to muscle symptoms
Women 1.52 (1.31-1.77) <2.0001
80 - Age adjusted 1.53 (1.32-1.79) <2.0001
p<0.004 Multivariate” 1.48 (1.25-1.75) <.0001
60
- N (I, confidence interval.
0 50001 :::;::ED *Adjusted for reported history of arthntis, cardiovascular disease,
T p=0.0008 . depression, diabetes, gastroesophageal reflux, hypertension, osteope-
20 . 2 2 .
nia/osteoporosis, and thyroid disorders.
o I ——
Total Current Statin =~ Former Statin
Bespondents Users Uszers

Figure 2 Prevalence of reporting of havinge stopped a statin due ; in lini . . _ . .
g porting g stoppe Karalis DG. J Clin Lipidol 2016;10(4):833-841. , @ErinMichos

Lo muscle symploms.



Gender Disparities in Patient-Reported
Outcomes in ASCVD

Medical Expenditure Panel Survey (MEPS) data 2006-2015

Represents ~11 million women in U.S with ASCVD.

[Yes vs. No; OR* (95% CI)]
Surrogate Measures for Clinical Outcomes (in women compared to men)
Statin usage 0.55 (0.48-0.62)
Aspirin usage 0.65 (0.58-0.72)
> 2 ED visits/yr 1.28 (1.11-1.46)
> 2 Hospitalizations visits/yr 1.05 (0.88-1.25)

*Odds ratios compare women to men and were adjusted for age, race/ethnicity, level
of income, region, health insurance, educational status, modified charlson comorbidity
iIndex (without the cardiovascular component), and cardiovascular risk factors.

Okunrintemi V.....Michos ED. ] Am Heart Assoc 2018;7:e010498

, @ErinMichos



Younger women less likely to be
adherent to statins

Younger men <55 were significantly more likely than younger women to initiate
appropriate treatment post Ml (adjusted OR, 1.38; 95% Cl, 1.10-1.75)

B
Mon
| Women
§ 60%
8
e 40%
a
& 2%
0% - !
Age A Age Age Age
20-4 o504 6574 T5.84 A%

Figure 2. Initiation on appropriate therapy within 2 months of
discharge, by sex and age group.

Smolina K et al. Circ Cardiovasc Qual Outcomes. 2015;8:586-592.
DOI: 10.1161/CIRCOUTCOMES.115.001987

, @ErinMichos



Sex Differences In CVD:
Enrollment of Women In
Lipid Lowering Trials




Enrollment of Women
RCTs 1990-2018

Figure: Proportion of women enrolled in clinical trials over time

e OQOverall representation
of women was 29%

P =0.01

Women, %

1990-1994 1995-1998 1999-2002 2003-2006 2007-2010 2011-2014
(n=2) (n=5) (n=11) (n=13) (n=12) (n=6)

2015-2018
(n=11)

Publication years

Khan SU.....Michos ED. JAMA Network Open 2020

In Lipid Lowering

Figure: Participation of women in lipid lowering therapy trials: prevalence-corrected estimate

s | I PPR = 0.3
oavees i [ TR

st conary et asecce. ||| T PPR = 0.54
orcecerr [ PPR =047

000 010 020 030 040 050 060 070 080 080

PPR =0.45

PPR =0.23

Participation to Prevalence Ratio (PPR)

Women under-
represented In trials

relative to their
disease prevalence

@ErinMichos



Representation of Women Authors in Trials of Lipid-
Lowering Therapy 1994 - 2018

20% | | 18% 26%

v Figure: Percent women authors by
T . LLT trial study characteristics
Z 19%
16% ‘5?
© 5 59 trials (485 409 participants) of LLT trials
7 & 14%
2 oy Median number of men and women authors
g dﬁ W 13% were 10 (9-16) vs 2 (1-3)
OMega.3

299, o® Overall, proportion of women as authors was
GV RFS 12% 19.2% (95% ClI, 15.3-23.8%).

'-jl‘;ez’;“ Proportions of women as first and senior
13% o 25% authors were 17% each.
Proportion of women authors did not
ppYy - significantly change over time and did not
- 21% vary according to the journal, disease state,

setting, sponsor, drug, or region (Figure).

19%

20%

24%,

16% Raghu Subramanian C... Michos ED. J Am
Heart Assoc. 2021;10:e020663

18% ;
18% | [20% | [21%

’ @ErinMichos



Take Home Points: Lipid Management In
Wwomen

 Women with dyslipidemia are special
Menstrual cycle affects lipid levels
Pregnancy involves timely counseling.
Delay in treatments in women of reproductive age affect long-term CVD
risk
Menopause increases LDL-C levels

 Women benefit from statins and other lipid lowering therapies, but are
undertreated

e Women under-represented in clinical trials and results often not reported by
sex

Opportunities remain to improve representation of women in cardiology
& cardiovascular trial leadership that may benefit women patients

%' @ErinMichos



Lipids in Women across the Lifespan

Adolescent

Universally screen
for famihal
hyperipidemia

Estrogens in CHCs
T TG&HDL & $LDI

Instll healthy hifestyle
al an early age

Pregnancy

Preeclampsia
gestational diabetes
preterm dehvery. ¢
ASCVD nsk

With pregnancy ¥ TG
&TLDL

FDA recommends
statin Rx in select pts

Perimenopause

Consider coronary
calcium score, breast
artenal calcifications
carobd
atherosclerosis &
rheumatologx
disorders in ASCVD
nsk assessment

Menopause

Menopause #fal mass
$skeletal muscle mass
& T visceral adiposity
assoc. withT ASCVD

Menopause results in
fL0L, Lp(@) & TC

Premature and early
menopause T ASCVD

Sharma J....Michos ED....Lindley KJ. Am J Prev Cardiol 2022; 100333

Older Adult

16
L
i
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