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HRT:  WHAT WE KNEW



ESTROGEN   80 YEARS 

EXPERIENCE  !!!



History of estrogen treatment

1929 estrogen isolated

1930  oral Emmenin from preg women-

estriol used for menopasual symptoms

1938 DES available ïcheaper and more 

potent

1941 FDA  approved estrogen for 

menopause symptoms

1942 Premarin ïpreg mares urine  available



The History of adding 

progestins

Å1930-1980  all women received E alone

ÅEndometrial cancer association  RR 6-11

Å1980-1995 cyclic progestins-bleeding

Å1995 - present   continuous  E + P

Å2000 ïlower doses



Benefits of HRT

FDA Approved Indications

ÅVasomotor symptoms

ÅUrogenital atrophy

ÅOsteoporosis



Vasomotor Symptoms

Åhot flushes

Ånight sweats

Åmore severe after BSO in premenopause

Åmore severe in thin women

Å80% of women, 5-8 years duration

ÅERT/HRT effective in 90-95%



Urogenital Atrophy

Åburning

Ådyspareunia

Åpruritus

Åthin, easily traumatized epithelium-

viagra problem



OSTEOPOROSIS

HRT/ERT - Prevention



Effect of ERT/HRT on

Spinal BMD

*Adherent participants only. ÀSignificant vs. placebo; no significant differences were 

found among active treatment groups. MP = micronized progesterone
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The Writing Group for the PEPI Trial. JAMA. 1996;276:1394.
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Effect of ERT/HRT on 

Hip BMD

*Adherent participants only. ÀSignificant vs. placebo; no significant differences were 

found among active treatment groups. MP = micronized progesterone

The Writing Group for the PEPI Trial. JAMA. 1996;276:1394.
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Weiss, 1980*

Johnson, 1981

Paganini-Hill, 1981

Kreiger, 1982

Kiel, 1987

Naessén, 1990

Cauley, 1995

Michaëlsson, 1998

Ever Users 

Current 

Users

Relative Risk

for Never Users
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Preventive Effect of ERT/HRT 

on Hip Fracture

*Includes forearm as well as hip fracture patients; patterns of estrogen use were identical for both



HRT AND CARDIOVASCULAR 

DISEASE



Observational Studies of CVD Risk 

and ERT/HRT
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Nursesô Health Study (NHS), 1980-1996

Never

0.3 mg

0.625 mg

²1.25 mg

1.0

0.58 (0.37-0.92)

0.54 (0.44-0.67)

0.70 (0.51-0.97)

609

19

99

41

Hormone 

Use

Multivariate-adjusted

RR (95% CI)

Cases

(n)

Person-years 

of Follow-up

Grodstein F, et al. Ann Intern Med. 2000;133:933-41.

313,661

19,964

116,150

39,026

RR = relative risk for current vs never-users.

Effect of Estrogen Dose on RisK 

OF CHD



HERS II: CHD Events by Year
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HERS II 

Cardiovascular Outcomes

ïNO SIGNIFICANT difference in rates of CHD 
events or secondary cardiovascular outcomes 
among women assigned to CEE/MPA compared 
with those assigned to placebo

Grady D, et al. JAMA. 2002;288:49-57.



Adapted from Mendelsohn ME, Karas RH. N Engl J Med. 1999;340:1801-11.

Endothelial 

cells

Smooth-muscle

cells

Estrogen

Rapid Effects

Without alteration of
gene expression

Long-Term Effects

Related to alteration
of gene expression

Direct Effects of Estrogen on 

Arterial Vessels
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P = 0.02 P = 0.01

Clarkson TB, et al. J Clin Endocrinol Metab. 2001;86:5396-404.

Coronary Artery Atherosclerosis: 

Effect of CEE and CEE/MPA in 

Postmenopausal Monkeys

(n = 31) (n = 27) (n = 29)

CEE = conjugated equine estrogens; MPA = medroxyprogesterone acetate.



Observational Studies of CVD Risk and 

ERT/HRT:  Primary Prevention
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Prevalence of Alzheimerôs Disease
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Alzheimerôs disease is more prevalent in women than in men.  The 

prevalence approximately doubles with every five years of advancing age.



ET/HT Use and AD Risk
Heyman et al, 1984

Amaducci et al, 1986

Broe et al, 1990

Graves et al, 1990

Brenner et al, 1994

Henderson et al, 1994

Paganini-Hill & Henderson, 1994

Mortel & Meyer, 1995

Baldereschi et al, 1998

Waring et al, 1999

Slooter et al, 1999

Seshadri et al, 2001

Tang et al, 1996

Kawas et al, 1997

Zandi et al, 2002

Yaffe et al, 1998

Hogervorst et al, 2000

LeBlanc et al, 2001

Adapted from LeBlanc ES, et al. JAMA. 2001;285:1489-99.
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Zandi PP, et al. JAMA. 2002;288:2123-9.

Annual Risk of AD for 

HT Users and Nonusers

0.00

0.02

0.04

0.06

0.08

0.10

0.12

65 70 75 80 85 90 95 100

D
is

c
re

te
 A

n
n

u
a

l 
H

a
z
a
rd

Age (years)

Women

HT Nonusers

HT Use <3 Years

HT Use 3-10 Years

HT Use >10 Years

Men



0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

HT Use May Be Associated With 

Decreased Risk of Colorectal 

Cancer

Relative Risk (95% CI)*Statistic refers to colon cancer risk only.
ÀMultivariate risk analysis.
ÿRisk assessment adjusted for age only.
ÄMeta-analysis includes 2 studies of colorectal cancer mortality.

Jacobs et al, 1994*À

Newcomb and Storer, 1995*À

Folsom et al, 1995*À

Troisi et al, 1997Ā

Kampman et al, 1997À

Grodstein et al, 1998À

Paganini-Hill, 1999Ā

Hully et al, 2002À

Writing Group for WHI, 2002À

Meta-analysis: Nanda et al, 1999*À

Meta-analysis: Grodstein et al, 1999Ā§



Potential Risks of HRT/ERT

1. Endometrial Cancer

2. Breast Cancer

3. Venous thromboembolism

4. Cholelithiasis

5. Stroke +/_



Mack et al, 1975

Hoover et al, 1976

Casagrande et al, 1976

Wynder et al, 1978

Jick et al, 1980

Ross et al, 1980

Hoover et al, 1981

Kelsey et al, 1981
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Rohan and McMichael et al, 1988

Dupont et al, 1989

Mills et al, 1989

Bergkvist et al, 1989

Kaufman et al, 1991

Palmer et al, 1991

Risch and Howe et al, 1994

Schairer et al, 1994

Colditz et al, 1995

La Vecchia et al, 1995

Schuurman et al, 1995

Stanford et al, 1995

Newcomb et al, 1995

Schairer et al, 2000

E Only

E/P Only

Ross et al, 2000 JNCI

E Only

E/P Continuous

E/P Cyclic

This Chart Summarizes the Results of Many 

Epidemiologic Studies Evaluating the Potential 

Risk of Breast Cancer with Estrogen or Hormone 

Replacement Therapy. The Squares (     ) Indicate 

the Relative Risk and the Lines Surrounding Each 

Square (       ) Represent the 95% Confidence 

Intervals Reported in Each Study. 

The Statistically Significant Relative Risk is One

Where the Corresponding Confidence Interval 

Does Not Overlap 1.0.
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STUDIES REPORTING ESTIMATED RISK OF 

BREAST CANCER ASSOCIATED WITH 

ERT/HRT



HRT  :  WHAT WE KNOW 

NOW IS IT ONLY WHI ?



WHI

Age at screening, yr*

Prior hormone use, %

Body mass index, kg/m2*

Never smokers, % 

Diabetes, %

Hypertension, %

Statin use at baseline, %

Family Hx breast cancer, %

History of MI,À%

History of CABG/PTCA,À%

HRT

n = 8506

Placebo

n = 8102Characteristic

63.2 (7.1)

26.1

28.5 (5.8)

49.6

4.4

35.7

6.9

16.0

1.6

1.1

63.3 (7.1)

25.6

28.5 (5.9)

50.0

4.4

36.4

6.8

15.3

1.9

1.5ÿ

*Values are means (SD); Àoverall incidence of prior cardiovascular disease = 7.7%; ÿP = .04 vs HRT.

Baseline Characteristics

Writing Group for the Womenôs Health Initiative Investigators. JAMA. 2002;288:321-333.



WHI

Age group at screening, y

50-59

60-69

70-79

HRT

n = 8506

Placebo

n = 8102Characteristic

2839 (33.4)

3853 (45.3)

1814 (21.3)

2683 (33.1)

3657 (45.1)

1762 (21.7)

Data are number (%) of patients; HRT and placebo groups were similar.

Baseline Characteristics: Age

Writing Group for the Womenôs Health Initiative Investigators. JAMA. 2002;288:321-333.



WHI E+P Substudy
Absolute Annualized Risk per 1,000 Women,

Adjudicated Data1-7

*Nominal confidence intervals significant.  VTE=venous thromboembolism.

1. Manson JE, et al. N Engl J Med. 2003;349:523-534.  2. Chlebowski RT, et al. JAMA. 2003;289:3243-3253.

3. Wassertheil-Smoller S, et al. JAMA. 2003;289:2673-2684.  4. Cushman M, et al. JAMA. 2004;292:1573-1580.

5. Chlebowski RT, et al. N Engl J Med. 2004;350:991-1004.  6. Cauley JA, et al. JAMA. 2003;290:1729-1738.

7. Anderson GL, et al. JAMA. 2003;290:1739-1748.
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WHI E+P Substudy
CHD by Years Since Menopause

*Nominal confidence intervals significant.

Manson JE, et al. N Engl J Med. 2003;349:523-534.
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ÅYear Ratio

Å1 0.62

Å2 0.83

Å3 1.16
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Å5 2.64

Å6+ 1.12

WHI Results

*z = 2.56 for trend over time.

*

Year

HRT vs Placebo Breast Cancer : Time

Writing Group for the Womenôs Health Initiative Investigators. JAMA. 2002;288:321-333.











2004 WHI Findings: Estrogen 

Therapy (ET)

ÅDiscontinued in March 2004 due to findings that ET 
does not increase or decrease risk of heart 
disease, a key end point of the trial

ÅParticipants:
ï Surgically menopaused women

ï Average age, 70 y

ï Taking estrogen alone for ~7 y

ÅMost recent data shows 
ï Increase of 8/10,000 women/years in risk of stroke

ï No increase in risk of breast cancer

ï Decrease in risk of hip fracture

Writing Group for the Womenôs Health Initiative Steering Committee. JAMA. 2004;291:1701-
1712.



WHI CEE Alone: Preliminary Results

VTE = venous thromboembolism (includes deep vein thrombosis and PE).

Women's Health Initiative Steering Committee. JAMA. 2004;291:1701-12.

CHD

Breast Cancer

Stroke

VTE

Pulmonary Embolism

Colorectal Cancer

Hip Fracture

Total Fracture

Death

Hazard Ratio

0.5 1.0 5.02.0

95% nCI

95% aCI

Primary Outcomes

Additional Outcomes



Difference in Attributable Risk in Estrogen +

Progesterone (EPT) or Estrogen Alone Trial (ET) 

vs Placebo per 10,000 Women Based on WHI
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*Only in women ²65 years of age at baseline. 

Manson JE, et al. N Engl J Med. 2003;349:523-34; Chlebowski RT, et al. JAMA. 2003;289:3243-53; Shumaker SA, 

et al. JAMA. 2003;289:2651-62; Wassertheil-Smoller S, et al. JAMA. 2003;289:2673-84; Writing Group for the WHI 

Investigators. JAMA. 2002;288:321-33; Chlebowski RT, et al. N Engl J Med. 2004;350:991-1004; Cauley JA, et al. JAMA. 

2003;290:1729-38; Women's Health Initiative Steering Committee. JAMA. 2004;291:1701-12; Shumaker SA, 

et al. JAMA. 2004;291:2947-58.

CHD Breast Dementia* Stroke VTE PE Colorectal Hip Total

Cancer Cancer FracturesFractures

-47
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WHI E+P Substudy

Risk by Age



WHI E-Alone Substudy
Risk by Age

*Final, centrally adjudicated data as reported in Hsia, J, et al.  Conjugated equine estrogens and coronary heart disease.  Arch Intern Med.

2006; 166:357-365.

ÀSignificance by hazard ratio and 95% confidence interval.

1. Hsia J, et al. Arch Intern Med. 2006;166:357-365.  2. Womenôs Health Initiative Steering Committee. JAMA.

2004;291:1701-1712.
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Kaplan-Meier Estimate

HR = 0.77

95% nCI = 0.59ï1.01

95% aCI = 0.57ï1.06

WHI Results: Effect of CEE Alone 

on Risk of Invasive Breast Cancer



WHI E-Alone Substudy: Breast Cancer
Absolute Annualized Risk per 1,000 Women

Stefanick ML et al. JAMA. 2006: 295:1647-1657.

*Nominal P<0.05 vs placebo.
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Estrogen Alone and Breast Cancer

From Nurses Health Study ïArch Intern 

Med 166(9) 1027, 2006

ÅUsers of E alone for up to 19 years had no 

increased risk of breast cancer

ÅAfter 20 years a small increase 

1.42 (1.13-1.77)

ÅTrend was significant p <0.001



Health Outcomes After Stopping 

Conjugated Equine Estrogens 

Among Postmenopausal Women 

with Prior Hysterectomy

Andrea Z. LaCroix, PhD

JAMA

305:1305

2011



Cumulative Incidence of Coronary Heart Disease, Stroke, 

Pulmonary Embolism, and Invasive Breast Cancer







Risk Factors for Breast 

Cancer

Singletary SE (2003). Annals of Surgery, 237:474-482.
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Potential Visual Aids to Explain Risk

*Based on annualized percentages for the total number of events in each treatment group over  5.6 years.

Absolute annualized risk of invasive breast cancer in the placebo group.

Chlebowski RT, et al. JAMA. 2003;289:3243-3253.

In the WHI trial, 3.3 cases of invasive breast cancer were reported 

per 1,000 women taking placebo over 1 year.*
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Potential Visual Aids to Explain Risk

*Based on annualized percentages for the total number of events in each treatment group over  5.6 years.

Absolute annualized risk of invasive breast cancer in the placebo group.

Absolute annualized risk of invasive breast cancer in the placebo group.

Chlebowski RT, et al. JAMA. 2003;289:3243-3253.

In the WHI trial, 3.3 cases of invasive breast cancer were reported 

per 1,000 women taking placebo over 1 year.*

For women taking E+P, 4.1 cases of invasive breast cancer per

1,000 women were reported ïthat is approximately 0.8 additional

Cases per 1,000 women over 1 year.*
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Results of WHI E+P versus 

Observational Studies

Agree Disagree

¬VTE ¬CHD

¬Breast cancer 

diagnosis

¬Dementia

¬CVA

®Hip fracture

®Colon cancer
Writing Group for the Womenôs Health Initiative Investigators. JAMA. 2002;288:321-333; Zander et al. JAMA. 2003; 288:2129-

2132; Greendale GA, et al. Obstet Gynecol. 1998;92:982-988; Notelovitz M, et al. Am J Obstet Gynecol. 2000;182:7-12; 

Raz R, et al. N Engl J Med. 1993;329:753-756; Writing Group for the PEPI Trial. JAMA. 1996;276:1389-1396.



35-45 yrs 45-55 yrs 55-65 yrs 65 yrs

~5%

15-25 yrs 25-35 yrs

~15%

Premenopause Perimenopause Postmenopause

From Mikkola, Clarkson and Notelovitz, Ann Med, 2004

Primary Benefits of ET/HT No Benefits of ET/HTBenefits of Endogenous

and Exogenous Estrogens

Reproductive Stage, Coronary Artery 

Atherosclerosis Progression and 

ET/HT Effects



35-4 5 yrs 45-5 5 yrs 55-65 yrs 65 yrs

~ 5%

15-2 5 yrs 25-3 5 yrs

~ 15 %

Sta ge of  Reproductive Life, Coronary Artery AtherosclerosisSta ge of  Reproductive Life, Coronary Artery AtherosclerosisSta ge of  Reproductive Life, Coronary Artery AtherosclerosisSta ge of  Reproductive Life, Coronary Artery Atherosclerosis
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Emerging Hypothesis

Tom Clarkson, PhD

Reproductive age is a major 

determinant of the effect of 

estrogens on atherosclerosis 

progression,

complications and plaque 

vulnerability
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Image from Pepine 1998.  Am J Cardiol 82 (suppl 10a) 23-27. 
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