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ORIGINAL STUDY

Use of menopausal hormone therapy beyond age 65 years and its effects
on women's health outcomes by types, routes, and doses

Seo H. Baik, PhD, Fitsum Baye, MS, and Clement J. McDonald, MD

Abstract

Objectives: The study aims to assess the use of menopausal hormone therapy beyond age 65 years and its health im-
plications by types of estrogen/progestogen, routes of administration, and dose strengths.
Methods: Using prescription drug and encounter records of 10 million senior Medicare women from 2007-2020 and

Cox regression analyses adjusted for time-varying characteristics of the women, we examined the effects of different
preparations of menopausal hormone therapy on all-cause mortality, five cancers, six cardiovascular diseases, and
dementia.

Results: Compared with never use or discontinuation of menopausal hormone therapy after age 65 years, the use of
estrogen monotherapy beyond age 65 years was associated with significant risk reductions in mortality (19% or adjusted
hazards ratio, 0.81; 95% CI, 0.79-0.82), breast cancer (16%), lung cancer (13%), colorectal cancer (12%), congestive
heart failure (CHF) (5%), venous thromboembolism (3%), atrial fibrillation (4%), acute myocardial infarction (11%),
and dementia (2%). For the use of estrogen and progestogen combo-therapy, both E+ progestin and E+ progesterone
were associated with increased risk of breast cancer by 10%-19%, but such risk can be mitigated using low dose of trans-
dermal or vaginal E+ progestin. Moreover, E+ progestin exhibited significant risk reductions in endometrial cancer
(45% or adjusted hazards ratio, 0.55; 95% CI, 0.50-0.60), ovarian cancer (21%), ischemic heart disease (5%), CHF
(5%), and venous thromboembolism (5%), whereas E+ progesterone exhibited risk reduction only in CHF (4%).

Conclusions: Among senior Medicare women, the implications of menopausal hormone therapy use beyond age
65 years vary by types, routes, and strengths. In general, risk reductions appear to be greater with low rather than me-
dium or high doses, vaginal or transdermal rather than oral preparations, and with E2 rather than conjugated estrogen.
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n 2002, the Women's Health Initiative (WHI) trial reported
that menopausal estrogen + progestogen therapy (EPT) in
menopausal women average age 63 years increased the oc-
currence of invasive breast cancer, stroke, and coronary heart
disease,' although it reduced fractures. The press presented the
negative outcomes in a dramatic manner that some described
as misleading.>*> However, most of these negative results lost

significance when corrected for multiple testing.' The second
WHI study in 2004 examined the effect of estrogen therapy
(ET) on these same outcomes in similar aged but hysterecto-
mized women and reported a near significant reduction in breast
cancer,* which became a significant 22% reduction in WHI's
long-term follow-up of that study.” However, these positive results
got little press attention and did little to reduce the fears about
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hormone therapy (HT) that had been already implanted in the
public's mind. The US Food and Drug Administration has required
all estrogen-containing products to include a black-box warning for
serious adverse events associated with its use, even though the
WHI trials only studied one type (conjugated estrogen), dosage
(0.625 mg), and route (oral) of estrogen alone and in combination
with one type of progestogen (medroxyprogesterone acetate
2.5 mg). Furthermore, continuing or initiating HT after 65 years
is rarely recommended. Until recently, it was often thought that
women do not need hormone therapy much after menopause be-
cause no serious menopausal symptoms persist in women aged
65 years or older. However, studies reported that menopausal vaso-
motor symptoms persisted for 7-12 years in many women,® and
some vasomotor symptoms persisted in 42.1% of women aged
60-65 years,” which suggests that not few numbers of women con-
tinue to suffer from vasomotor symptoms even after age 65 years.
According to the 2022 HT position statement of The North
American Menopause Society (NAMS),® there is no general rule
for stopping HT in a woman aged 65 years. For healthy women
with persistent vasomotor symptoms, continuing HT beyond age
65 years is a reasonable option with appropriate counseling and
regular assessment of risks and benefits. Moreover, the mitigation
of risks through the choice of low dose, nonoral, and different es-
trogen and progestogen becomes increasingly important as women
age. However, information on the effects of different HT formula-
tion, dosing, and route of administration is lacking.

The US Centers for Medicare and Medicaid Services (CMS)
Virtual Research Data Center (VRDC)’ carries 14 years of pre-
scription claims and 21 years of encounter claims as well as vital
status for almost all US women aged 65 years or older, and thus
menopausal. So, VRDC provides HT exposure data as well as
outcomes data about death, dementia, cardiovascular (CV), and
cancer conditions like those studied by the WHI trials. Given that
at least 2%-7% of elderly women still use HT after age 65 years,'”
VRDC data are large enough to shed light on the consequences of
HT use after 65 years by doses, routes, and types. We imple-
mented extended Cox regression analyses'*!? to assess the asso-
ciation of these factors with death, dementia, CV, and cancer out-
comes. Here we report the results of these analyses.

METHODS

Study population

The CMS provided us access to all available records of Medi-
care Parts A (hospital insurance, 1999-2020), B (medical insur-
ance, 1999-2020), C (Medicare Advantage [MA], 2015-2020),
and D (prescription drug insurance, 2007-2020) claims data for
100% Medicare enrollees. We constrained our study individuals
to women who were first entitled to Medicare near age 65 years
(1 month) and during the full years of Part D benefits (ie,
2007-2020)—a total of 14 years. We only included enrollees with
at least 6 months of data to assure enough follow-up time.

We report usage trends broken down by year, HT type, and
route, using the number of Part D female enrollees in each year
as the denominator. We report descriptive statistics that outline
the demographics, socioeconomic status, the prevalence of 49
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chronic conditions among women in the study, and the corre-
sponding crude rates of outcomes.

HT exposures

We classified HT by types, routes, and dose strengths, as appli-
cable. We included three types of estrogen (estradiol [E2], conju-
gated estrogen [CEE], and ethinyl estradiol [EE]), two types of
progestogen (progesterone [natural] or progestin [synthetic]),
and a total of nine different estrogen-progestogen combinations
(E2 alone, E2+ progesterone, E2+ progestin, CEE alone, CEE+
progesterone, CEE+ progestin, EE+ progestin, progesterone
alone, and progestin alone). EE was never prescribed alone and
always combined only with progestin. Routes and dose strengths
were solely based on the estrogen part of preparations. The routes
included oral, transdermal, vaginal, and injectable. We developed
an average daily estrogen dose based on DailyMed"® dosing in-
structions for each of 138 individual HT products (Supplemental
Digital Content 1, http://links.lww.com/MENO/B236), which ac-
commodated intermittent regimens (eg, 21 days on and 7 days
off). We defined a “standard” dose for estrogen type and route
based on the literature and the distribution of daily estrogen doses
as 0.625 mg, 1 mg, and 5 ug for oral CEE, E2, and EE, respec-
tively, and 200 pg and 50 pg for nonoral CEE and E2, respectively.
For each drug type, we categorized the average daily estrogen
doses into high, greater than 1.45 times the standard; low, less than
0.45 times the standard; and medium, between the lower end of the
high and the upper end of the low bounds. We considered each
combination of estrogen-progestogen preparation, dose strength,
and route as separate covariates (total 40; 16 ET and 24 EPT prep-
arations). We considered women to be exposed to a study drug if
they ever had a prescription for that drug before an outcome event.

We only included HT medications with indications for men-
opausal symptoms and excluded those indicated for birth con-
trol or for vaginal bleeding.

Outcomes

Our goals were to describe the usage of HT in women age
2065 years and to determine the influence of such usage on survival
and on the occurrence of WHI-like outcomes (five cancers, six CV
conditions, and dementia)."* The five cancer outcomes included
breast, lung, endometrial, colorectal, and ovarian cancers. The six
CV outcomes included ischemic heart diseases (IHD), heart failure
(HF), venous thromboembolism (VTE), stroke, atrial fibrillation
(AF), and acute myocardial infarction (AMI). The occurrence
and onset date for all but ovarian cancer and VTE were predefined
by algorithm in Medicare's CCW (Chronic Condition Data
Warehouse).'* We generated comparable occurrence data by ex-
amining /CD-9/ICD-10-CM codes for ovarian cancer (183.0 and
C56) and VTE (415.1, 451, 453, 126, 180, 182), respectively.

Statistical analysis

We explored the independent effect of each HT drug on the
13 outcomes listed above using separate extended Cox regression
analyses. To mitigate potential confounding factors influencing 13
health outcomes, we incorporated a comprehensive set of adjust-
ments. This included 40 combinations of estrogen-progestogen
type, routes, and dose ranges along with consideration for race,
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degree of low-income subsidy (LIS) as a surrogate for income,
rural residence indicator, calendar year of Medicare Part D enroll-
ment, and the 49 CCW chronic conditions'* with >1% preva-
lence, to adjust for overall medical burden. Notably, we did not
include interactions between these variables. We treated all covar-
iates except race as time-varying to avoid the risk of an immortal
time bias and protect against violations of the proportional haz-
ards assumption.1 12 When a cancer, CV condition, or dementia
was the outcome, we excluded all other cancers, CV conditions,
or dementia conditions as covariates, respectively.

Women became eligible for the study at the time of their
Medicare entitlement, but prescription records were unavailable
until their Part D enrollment. Many enrollees disenrolled from
Medicare or switched from Medicare Fee-For-Service (FFS)
to MA, and we only had MA encounter data after 2015. We
followed women from their entry to Part D (while accounting
for left truncation'®) until they (1) developed a nondeath out-
come, (2) died, (3) switched to an MA plan before 2015, (4)
disenrolled from Medicare, or (5) reached December 31, 2020
(the end of our data availability), whichever came first. In order
to (1) mitigate selection bias toward HT use and to (2) correct for
potential bias from informative censoring, we developed two
time-varying propensity scores (PS) using logistic regressions.'®!”
The first was for the likelihood of taking any HT and the second
for the likelihood of switching from Medicare FFS to MA or
disenrolling from Medicare altogether and thus dropping out
of the study. Both PS were conditional probabilities based on
characteristics of women and were iteratively estimated every
6 months among women who remained in follow-up consider-
ing all covariate values in a given 6-month cycle.!” We ran all
Cox regression analyses with these time-varying PS as addi-
tional adjustments.'®!°

This study was declared not human subject research by the
Office of Human Research Protection at the National Institutes
of Health and by the CMS's Privacy Board.

RESULTS

Study population and secular trends

From 100% senior Medicare women, more than 19 million sat-
isfied our selection criteria. The death cohort, our largest, included
10,944,328 women with at least 6-month follow-up, and a modest
14% of them ever used some type of HT during our study period
(Table 1). The disease-specific cohorts were slightly smaller in
number but had similar proportions of HT users.

Over 14 years of follow-up (2007-2020), the proportion of
senior women taking any HT containing estrogen dropped by
half, from 11.4% to 5.5%. E2 tended to replace CEE. EPT
plummeted from 1.4% to a minuscule 0.2% (Fig. 1A), and the
vaginal route tended to replace oral route (Fig. 1B). Overall,
the number of ET users was >10 times greater than that of
EPT or progestogen alone users. Among ET users, the predom-
inant route was vaginal. Twice as many women were on vaginal
and /5 as many on transdermal as on oral preparations. Among
EPT users, the most common type of EPT was E2+ progestin,
followed by CEE+ progestin, E2+ progesterone, EE+ progestin,
and then CEE+ progesterone (Supplemental Digital Contents 2

TABLE 1. Baseline characteristics

Any HT No HT
N 1,522,914 9,421,414
Age at Part D entry, median (IQR) 65.1 (1.8) 65.2 (2.0)

White

Black

Hispanic

Asian

Other (American Indian/Alaska
Native/other/unknown)

Ever dual

Nondual LIS

Nondual No LIS

Living in rural area

Hysterectomy

Pulmonary embolism

Deep vein thrombosis

AMI

Atrial fibrillation

Heart failure

Ischemic heart disease

Stroke/transient ischemic attack

Cataract

Chronic kidney disease

COPD

Diabetes

Glaucoma

Hip/pelvic fracture

Depression

Alzheimer disease or senile dementia

Osteoporosis

Rheumatoid arthritis/osteoarthritis

Breast cancer

Colorectal cancer

Lung cancer

Endometrial cancer

Cervical cancer

Ovarian cancer

Anemia

Asthma

Hyperlipidemia

Hypertension

Hypothyroidism

Alcohol use disorders

Anxiety disorders

Bipolar disorder

Major depressive affective disorder

Drug use disorder

Personality disorders

Schizophrenia and other psychotic
disorders

Epilepsy

Cystic fibrosis and other metabolic
developmental disorders

Fibromyalgia, chronic pain, and fatigue

Viral hepatitis (general)

Liver disease cirrhosis and other liver
conditions (excluding hepatitis)

Leukemias and lymphomas

Migraine and other chronic headache

Mobility impairments

Obesity

Overarching OUD disorder

Peripheral vascular disease

Tobacco use disorders

Pressure ulcers and chronic ulcers

Sensory—deafness and hearing impairment

1,318,141 (86.6) 7,190,911 (76.3)

58,046 (3.8) 843,205 (8.9)
74,929 (49) 763,573 (8.1)
29,115 (1.9) 354,405 (3.8)
42,683 (2.8) 269,320 (2.9)

137,971 (9.1) 1,529,002 (16.2)
21272 (14) 243,114 (2.6)
1,363,671 (89.5) 7,649,298 (81.2)
376,104 (24.7) 2,250,675 (23.9)
344,888 (22.6) 1,052,327 (11.2)

34,123 22) 214,810 (2.3)
108,464 (7.1) 567,378 (6.0)

31,057 (2.0) 230,171 (2.4)
119,019 (7.8) 673,930 (7.2)

167,025 (11.0) 1,079,368 (11.5)
415,086 (27.3) 2,155,496 (22.9)
117,021 (7.7) 648,402 (6.9)

1,034,791 (67.9) 4,909,261 (52.1)
367,841 (24.2) 2,413,925 (25.6)
275,100 (18.1) 1,652,633 (17.5)
360,825 (23.7) 2,768,069 (29.4)
322,074 (21.1) 1,572,196 (16.7)

25232(17) 142,053 (1.5)
607,150 (39.9) 2,850,648 (30.3)
94,770 (6.2) 497,831 (5.3)
436,950 (28.7) 2,177,348 (23.1)
969,801 (63.7) 4,527,781 (48.1)
100,093 (6.6) 848,430 (9.0)

23,260 (1.5) 160,717 (1.7)
22,412(15) 173,300 (1.8)
21,590 (14) 154,919 (1.6)

7,564 (0.5) 40,027 (0.4)
14,785 (1.0) 85,744 (0.9)

597,850 (39.3) 3,027,915 (32.1)
262,736 (17.3) 1,203,273 (12.8)
1,181,576 (77.6) 6,729,384 (71.4)
1,029,579 (67.6) 6,348,246 (67.4)
570,897 (37.5) 2,620,862 (27.8)
33,192 (22) 226,301 (2.4)
551,258 (36.2) 2,493,674 (26.5)
61,278 (4.0) 288,021 (3.1)
495,299 (32.5) 2,344,371 (24.9)

74,027 (49) 408,375 (4.3)
46,934 (3.1) 185,116 (2.0)
26,984 (1.8) 168,373 (1.8)
30,689 (2.0) 186,948 (2.0)
40,678 2.7) 178,588 (1.9)

694,459 (45.6) 2,967,678 (31.5)
18,616 (1.2) 131,259 (1.4)
184,114 (12.1) 988,450 (10.5)

28,341 (1.9) 149,327 (1.6)
204,319 (13.4) 697,762 (7.4)
32,956 (2.2) 240224 (2.5)

418,568 (27.5) 3,148,871 (33.4)
45,948 3.0) 174,336 (1.9)
224,929 (14.8) 1,415,992 (15.0)
122,033 (8.0) 1,128,128 (12.0)
56,123 (3.7) 367,769 (3.9)
219,459 (14.4) 843,768 (9.0)

Note: data are presented as n (%) of participants unless otherwise noted.
AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary dis-
ease; HT, hormone therapy; IQR, interquartile range; LIS, low income subsidy;

OUD, opioid use disorder.
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FIG. 1. Trend in the use of hormone therapy (HT) by type and route. (A)
By type. (B) By route.

and 3, http:/links.lww.com/MENO/B236). All EE+ progestin
preparations were a combination of EE and norethindrone, and
we did not include 4% of EE+ progestin preparations indicated
for birth control for consistency's sake, although that indication
was not relevant for our senior women.

Starting with Part D enrollment, the median follow-up in
death cohort was 4.1 years (total of 51,813,776 person-years);
it was longer among any HT users (5.7 years) than no HT users
(4.0 years) (Table 1). Overall, 595,929 women died (5.4% or
11.5 per 1,000 person-years). The death incidence was lower
among HT users than no HT users (6.3 vs 12.6 per 1,000 person-
years) (Table 2). The number of women and follow-up duration
varied somewhat across disease-specific cohorts because of dif-
ferent end points and censoring rates by outcomes.

Medicaid eligibility for special supplements was our proxy
for income level. Accordingly, there were three income groups:
dual (15.2%) with incomes below 135% of the Federal Poverty
Line (FPL); nondual LIS (2.4%) between 135% and 150% FPL;
and nondual no LIS (82.4%) above 150% FPL.?° The propor-
tions of non-Hispanic White and rural resident were 77.7% and
24.0%, respectively. Among the chronic conditions, hyperlipid-
emia (72.3%), hypertension (67.4%), and cataracts (54.3%) were
most common. HT users were more likely to be White (86.6% vs
76.6%), nondual no LIS enrollees (thus wealthier, 89.5% vs
81.2%)), from rural areas (24.7% vs 23.9%), and have hyperlipid-
emia (77.6% vs 71.4%), hypertension (67.6% vs 67.4%), cata-
racts (67.9% vs 52.1%), and more (Table 1). Because we had
no claims data about hysterectomies performed before age
65 years, hysterectomy data were only available for 12.8% of
women in the study, and most of it came from the /CD diagnosis
codes for “acquired absence of uterus/cervix” (Supplemental
Digital Content 4, http://links.lww.com/MENO/B236).
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Primary analyses

In Tables 3 and 4, we present the marginal risks of 13 study
outcomes associated with the use of each HT after controlling for
all time-varying and time-fixed covariates including the use of
any other HT beyond the index HT, namely, adjusted hazards ra-
tio (aHR). We report aHR as the percent of risk above (increased)
or below (decreased) one by an amount of 100 x (aHR — 1)%.
We present marginal aHR to highlight average differences by
type, route, and dose level. We also present aHR for each of 40
combinations of type, route, and dose level in Supplemental
Digital Contents 5 and 6, http:/links.lww.com/MENO/B236,
where oral medium dose CEE and CEE+ progestin indicate com-
parable drugs studied in the WHI trials.

The risk of all-cause mortality associated with HT

On average, ET use beyond age 65 years was associated with
a significant 19% reduction in mortality risk relative to no ET
use (Table 3A), which translated to 113,226 fewer expected
deaths in our large population. All combinations of ET type,
route, and dose were also associated with reduced mortality risk.
The marginal mortality risk reduction of E2 was significantly
greater than that of CEE (21% vs 13%). Vaginal, transdermal,
and oral ET was associated with 30%, 20%, and 11% reduction
of mortality risk, respectively. The mortality risks associated
with low and medium dose ET were significantly less than high
dose but were not different from each other. Overall, EPT, regard-
less type of progestogen, had no significant association with mor-
tality. Oral, medium dose, or EE preparations of E+ progestin
exhibited 7%-17% reduction in mortality risk. Progesterone
monotherapy was associated with a 22% reduced mortality risk,
whereas progestin monotherapy was associated an 11% increased
risk. Interestingly, oral CEE medium dose, a preparation compa-
rable in strength to the dose studied in the WHI trial, exhibited a
9% reduction in mortality, a smaller reduction than that of overall
ET in our analysis (Supplemental Digital Content 5A, http:/links.
Iww.com/MENO/B236), although the WHI trial of ET reported
an insignificant 4% mortality risk reduction. Both WHI trial dose
of EPT and the comparable oral medium dose of CEE+ progestin
in our analysis showed no significant association.

The risk of breast, lung, endometrial, colorectal, and
ovarian cancers associated with HT

During our study period, breast cancer incidence was at least
three times that of any other study cancer (Table 2). ET use beyond
age 65 years was associated with a significant reduction in mar-
ginal risk of breast cancer, 16% overall, as well as each combina-
tion of ET type, route, and dose size (Table 3B). Oral ET exhibited
significantly greater risk reductions than transdermal and vaginal
ET. Furthermore, CEE was associated with a greater (23%) reduc-
tion of breast cancer risk than E2 (12%). The WHI's 13-year post-
intervention study reported a significant 21% risk reduction of
breast cancer risk associated with oral CEE 0.625 mg.> Approxi-
mately 70% of the oral CEE medium doses in our study were
0.625 mg, and its use was associated with a significant 26% risk
reduction of breast cancer. To the negative, both estrogen-+proges-
stin and estrogen-+progesterone were associated with significant in-
crease in the risk of breast cancer by 19% and 10%, respectively.

Copyright © 2024 The Author(s)
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TABLE 2. Event/censoring points and rates of event/death by each study cohort

End points Rate per 1,000 PY

Outcome n Event, n (%) Death MA entry Disenrollment 12/31/2020 Event Death
Death

Any HT 1,522,914 N/A 58,952 (3.9) 44,670 (2.9) 49,601 (3.3) 1,369,691 (89.9) N/A 6.32

No HT 9,421,414 N/A 536,977 (5.7) 327,489 (3.5) 422,451 (4.5) 8,134,497 (86.3) N/A 12.64
Breast cancer

Any HT 1,479,715 56,394 (3.8) 52,836 (3.6) 43,427 (2.9) 47,422 (3.2) 1,279,136 (86.4) 6.44 5.98

No HT 8,998,173 425,189 (4.7) 455,477 (5.1) 310,523 (3.5) 396,275 (4.4) 7,410,709 (82.4) 10.87 11.65
Lung cancer

Any HT 1,516,490 15,988 (1.1) 49,973 (3.3) 44,471 (2.9) 49,272 (3.2) 1,356,786 (89.5) 1.73 54

No HT 9,375,994 127,880 (1.4) 451,813 (4.8) 325,721 (3.5) 419,164 (4.5) 8,051,416 (85.9) 3.04 10.73
Endometrial cancer

Any HT 1,514,965 13,641 (0.9) 56,442 (3.7) 44,444 (2.9) 49,128 (3.2) 1,351,310 (89.2) 1.48 6.11

No HT 9,369,958 103,463 (1.1) 511,688 (5.5) 325,383 (3.5) 418,096 (4.5) 8,011,328 (85.5) 2.46 12.19
Colorectal cancer

Any HT 1,512,516 12,862 (0.9) 55,738 (3.7) 44,347 (2.9) 49,052 (3.2) 1,350,517 (89.3) 1.39 6.04

No HT 9,364,136 103,439 (1.1) 503,313 (5.4) 324,535 (3.5) 417,694 (4.5) 8,015,155 (85.6) 2.46 11.99
Ovarian cancer

Any HT 1,517,113 8,984 (0.6) 55,931 (3.7) 44,460 (2.9) 49,271 (3.2) 1,358,467 (89.5) 0.97 6.04

No HT 9,389,848 54,178 (0.6) 510,350 (5.4) 326,018 (3.5) 420,059 (4.5) 8,079,243 (86.0) 1.28 12.09
IHD

Any HT 1,340,868 233,040 (17.4) 26,133 (1.9) 36,347 (2.7) 39,091 (2.9) 1,006,257 (75.0) 3222 3.61

No HT 8,687,408 1,421,490 (16.4) 251,496 (2.9) 266,052 (3.1) 347,347 (4.0) 6,401,023 (73.7) 40.9 7.24
CHF

Any HT 1,466,865 110,976 (7.6) 33318 (2.3) 41,880 (2.9) 45,639 (3.1) 1,235,052 (84.2) 12.89 3.87

No HT 9,141,585 799,539 (8.7) 293,609 (3.2) 302,168 (3.3) 387,965 (4.2) 7,358,304 (80.5) 20.38 7.49
VTE

Any HT 1,481,007 83,297 (5.6) 40,959 (2.8) 42,760 (2.9) 46,725 (3.2) 1,267,266 (85.6) 9.53 4.68

No HT 9,261,200 509,703 (5.5) 381,443 (4.1) 313,880 (3.4) 401,838 (4.3) 7,654,336 (82.6) 12.63 9.45
Stroke

Any HT 1,487,749 81,856 (5.5) 44,340 (3.0) 43,119 (2.9) 46,737 (3.1) 1,271,697 (85.5) 9.27 5.02

No HT 9,283,342 510,330 (5.5) 411,426 (4.4) 314,944 (3.4) 400,471 (4.3) 7,646,171 (82.4) 12.58 10.14
AF

Any HT 1,478,512 74,617 (5.0) 45,393 (3.1) 43,411 (2.9) 47,260 (3.2) 1,267,831 (85.8) 8.47 5.15

No HT 9,227,222 479,738 (5.2) 415,247 (4.5) 317,504 (3.4) 404,976 (4.4) 7,609,757 (82.5) 11.87 10.28
AMI

Any HT 1,515,118 23,261 (1.5) 53,245 (3.5) 44,375 (2.9) 49,054 (3.2) 1,345,183 (88.8) 2.52 5.78

No HT 9,383,235 191,992 (2.0) 476,113 (5.1) 324,540 (3.5) 416,234 (4.4) 7,974,356 (85.0) 4.58 11.36
Dementia

Any HT 1,500,513 72,369 (4.8) 41,445 (2.8) 43,586 (2.9) 46,968 (3.1) 1,296,145 (86.4) 8.05 4.61

No HT 9,333,629 410,046 (4.4) 399,835 (4.3) 318,965 (3.4) 404,698 (4.3) 7,800,085 (83.6) 9.94 9.7

AF, atrial fibrillation; AMI, acute myocardial infarction; HF, heart failure; HT, hormone therapy; IHD, ischemic heart disease; MA, Medicare Advantage; PY, person-

year; VTE, venous thromboembolism.

Such increased risk, however, was not observed in low-dose vagi-
nal and transdermal E2+ progestin. Progesterone, when used alone,
was associated with a 10% reduction in breast cancer risk, but pro-
gestin increased the risk by 21% (Table 3B and Supplemental Dig-
ital Content 5B, http://links.lww.com/MENO/B236).

Overall, ET was associated with a 13% and 12% reduction in
lung and colorectal cancer risk, respectively. Both estrogen-+pro-
ogestin and estrogen+progesterone exhibited null risks marginally
for these two cancers. Of 24 different preparations of EPT, oral
medium dose E2+ progestin exhibited significant 16% risk re-
duction for lung cancer, and oral low-dose CEE/E2+ progestin
exhibited 17%-20% risk reduction for colorectal cancer. Among
two progestogen monotherapies, progesterone was associated
with a 19% reduced lung cancer risk, in contrast, progestin
was associate with a 14% risk of this cancer (Table 3C and E
and Supplemental Digital Content 5C and E, http://links.lww.
com/MENO/B236).

More than half of hysterectomized women likely also had bilat-
eral oophorectomy.®! So, observed reduction in endometrial and
ovarian cancer from ET use might be an artifact of the selective

use of ET in hysterectomized women who lack the organs where
such cancers could arise. On the other hand, risk of endometrial
cancer associated with EPT use is probably meaningful because
it is usually prescribed for women with an intact uterus. Only with
E+ progestin use, endometrial cancer risk declined significantly by
45%, whereas E+ progesterone exhibited a significant 33% in-
crease in such risk (Table 3D and F).

The risk of IHD, HF, VTE, stroke, AF, AMI, and dementia,
associated with HT

IHD occurred in more than 1.6 million women in the study,
almost twice that of the next most frequent CV condition, HFE.
Therefore, a 4% increase in the risk of IHD associated with ET
could potentially lead to an additional 64,000 cases of [HD. Most
types, routes, and dose levels of ET were also associated with in-
creased risk of THD, up to 17% with injectables, but much less
(3%-4%) with other types, routes, and doses. Importantly, the
use of low dose oral CEE/E2 was associated with a significant,
but very small, 1%-2% risk reduction for IHD. Progestin mono-
therapy exhibited no risk for IHD, whereas progesterone
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TABLE 3. Marginal effects of HT regimens on all-cause mortality and cancer outcomes

(c) Lung

(d) Endometrial

(e) Colorectal

(f) Ovarian

Marginal HT (a) Death (b) Breast
Estrogen without progestogen  0.81 (0.79-0.82) ¢ 0.84 (0.83-0.86) +
By type

CEE 0.87 (0.85-0.88) ¥ 0.77 (0.75-0.78) +

E2 0.79 (0.77-0.81) % 0.88 (0.86-0.90) +
By route

Oral 0.89 (0.88-0.90)+  0.77 (0.76-0.78) +

Transdermal 0.80 (0.77-0.82)+  0.86 (0.84-0.88)+

Vaginal 0.70 (0.67-0.74)%  0.95 (0.92-0.99)]

Injection 0.85 (0.76-0.94)| 0.85 (0.73-0.99)
By dose

Low 0.80 (0.78-0.82)+  0.88 (0.86-0.90) ¢

Medium 0.77 (0.74-0.81)+  0.85 (0.83-0.88)+

High 0.85 (0.83-0.88) ¢ 0.81 (0.78-0.84) +
Progestin without estrogen 1.11 (1.07-1.16)* 1.21 (1.16-1.26)*
Estrogen + progestin 0.97 (0.92-1.02) 1.10 (1.06-1.15)*
By type

CEE 1.03 (0.97-1.09) 1.12 (1.06-1.19)

E2 0.98 (0.91-1.06) 1.09 (1.03-1.16)1

EE 0.83 (0.76-0.90) + 1.13 (1.06-1.20)*
By route

Oral 0.90 (0.86-0.93) ¢ 1.15 (1.11-1.19) %

Transdermal 0.88 (0.75-1.04) 1.09 (0.96-1.23)

Vaginal 1.26 (1.12-1.41)* 1.02 (0.92-1.12)
By dose

Low 0.96 (0.88-1.04) 1.00 (0.94-1.07)

Medium 0.93 (0.88-0.97)| 1.16 (1.11-1.20)

High 1.06 (0.91-1.23) 1.20 (1.06-1.36)1

Progesterone without estrogen
Estrogen + progesterone

0.78 (0.73-0.82)
0.98 (0.93-1.03)

0.90 (0.86-0.94)
1.19 (1.14-1.24)

By type
CEE 0.92 (0.81-1.05) 1.23 (1.11-1.35)*
E2 1.00 (0.95-1.06) 1.17 (1.12-1.23)*
By route
Oral 0.87 (0.80-0.95)] 1.24 (1.16-1.33)*
Transdermal 1.01 (0.92-1.11) 1.16 (1.08-1.23)*
Vaginal 1.14 (1.02-1.28)1 1.13 (1.04-1.23)1
By dose
Low 0.96 (0.87-1.06) 1.17 (1.10-1.25)*
Medium 1.01 (0.93-1.11) 1.19 (1.11-1.28)*
High 0.96 (0.85-1.08) 1.21 (1.10-1.32)*

0.87 (0.84-0.90) ¢

0.90 (0.87-0.93) +
0.86 (0.82-0.90) ¢

0.91 (0.89-0.94) 4
0.86 (0.82-0.91) 4
0.79 (0.72-0.86) ¢
0.97 (0.79-1.18)

0.85 (0.81-0.88) +
0.84 (0.78-0.91) 4
0.92 (0.87-0.96)]
0.95 (0.87-1.03)
1.02 (0.93-1.11)

0.91 (0.79-1.05)
1.07 (0.94-1.23)
0.96 (0.83-1.11)

0.96 (0.89-1.03)
1.07 (0.80-1.42)
1.10 (0.88-1.37)

1.06 (0.91-1.22)
0.92 (0.84-1.02)
1.12 (0.85-1.48)
0.81 (0.73-0.90) ¢
1.05 (0.96-1.16)

1.25 (1.02-1.52)1
0.99 (0.89-1.10)

1.12 (0.97-1.29)
0.79 (0.66-0.95)]
1.27 (1.06-1.52)t

1.07 (0.91-1.25)
1.10 (0.95-1.28)
0.97 (0.78-1.21)

0.73 (0.70-0.76)

0.69 (0.66-0.73) +
0.75 (0.71-0.79)

0.62 (0.59-0.65)+
0.78 (0.73-0.83) +
0.89 (0.82-0.98)]
0.71 (0.51-1.00)

0.77 (0.74-0.81)+
0.75 (0.70-0.81) +
0.68 (0.62-0.74) +
5.07 (4.82-5.34) 1
0.55 (0.50-0.60)

0.65 (0.58-0.72)
0.52 (0.46-0.60) ¢
0.52 (0.41-0.66) +

0.50 (0.46-0.56) +
0.54 (0.42-0.70)
0.68 (0.57-0.82)+

0.51 (0.44-0.59)+
0.57 (0.52-0.63)+
0.59 (0.45-0.76)
1.38 (1.28-1.50) 1
1.33 (1.23-1.44) 4

1.62 (1.37-1.91)4
1.24 (1.14-1.35) 4

1.64 (1.46-1.85)%
1.22 (1.07-1.39)
1.03 (0.88-1.20)

1.39 (1.23-1.58)
1.44 (1.28-1.62)4
1.14 (0.95-1.36)

0.88 (0.84-0.91)+

0.89 (0.86-0.93)+
0.87 (0.83-0.91)+

0.87 (0.84-0.90)
0.87 (0.82-0.92)+
0.84 (0.76-0.92)
1.11 (0.85-1.44)

0.85 (0.82-0.89)+
0.86 (0.79-0.93)+
0.91 (0.85-0.98)|
1.15 (1.05-1.26)1
0.93 (0.84-1.03)

0.81 (0.69-0.96)|
0.99 (0.85-1.15)
0.91 (0.76-1.08)

0.91 (0.84-0.99)|
0.99 (0.73-1.35)
0.92 (0.71-1.19)

0.88 (0.74-1.05)
0.90 (0.80-1.01)
1.09 (0.80-1.48)
0.90 (0.81-1.00)
0.97 (0.87-1.08)

1.09 (0.86-1.38)
0.93 (0.83-1.05)

0.98 (0.83-1.17)
0.90 (0.75-1.08)
1.03 (0.83-1.27)

0.90 (0.75-1.08)
1.07 (0.91-1.27)
0.95 (0.74-1.20)

0.87 (0.83-0.91) +

0.82 (0.78-0.87) ¥
0.89 (0.83-0.95) +

0.81 (0.77-0.84)+
0.87 (0.81-0.94) 4
1.02 (0.93-1.12)
0.69 (0.44-1.07)

0.87 (0.82-0.91)+
0.92 (0.85-0.99)]
0.82 (0.74-0.91) %
2.27 (2.08-2.48)1
0.79 (0.71-0.89)

0.89 (0.76-1.04)
0.73 (0.61-0.87)+
0.94 (0.77-1.14)

0.78 (0.68-0.89)
1.01 (0.76-1.34)
0.65 (0.49-0.86)|

0.83 (0.69-0.99)|
0.87 (0.77-0.98)|
0.64 (0.44-0.93)|
1.23 (1.10-1.37)4
1.19 (1.08-1.31)4

1.28 (1.02-1.59)
1.16 (1.04-1.29)1

1.32 (1.13-1.55)4
1.11 (0.94-131)
1.07 (0.89-1.29)

1.27 (1.09-1.48)1
1.18 (1.00-1.40)
1.10 (0.88-1.37)

Notes: Data are presented as adjusted hazards ratio (aHR) and its 95% CI.

4 = very significantly low with P value < 0.001, | = significantly low with 0.001 < P value < 0.05.
+ = very significantly high with P value < 0.001, 1 = significantly high with 0.001 < P value < 0.05.

monotherapy was associated with an increased risk (8%) for
IHD. Likewise, E+ progestin, overall, was associated with a sig-
nificant 5% risk reduction of IHD, whereas E+ progesterone
had no association with IHD (Table 4A and Supplemental Dig-
ital Content 6A, http:/links.lww.com/MENO/B236).

To the positive, ET use, overall, was associated with 5% risk
reduction of HF, but high dose and injectable ET increased its
risk by 5%-17%. Marginally, both EPT formulations were asso-
ciated with 4%-5% reduced HF risk, but such reductions were
concentrated on E+ progestin (Table 4B and Supplemental Dig-
ital Content 6B, http://links.lww.com/MENO/B236).

ET use, overall, had no association or small reductions in risk
of stroke and dementia. Transdermal and vaginal ET preparations
exhibited small (<10%) but significant risk reductions for these
two conditions, whereas high-dose ET increased the risks of both
conditions, by 8% and 3%, respectively. EPT use, on average, had
no such associations. Low doses of oral CEE/E2+ progestin and
E2+ progesterone were associated with 6%-10% and 10% de-
creased risks of stroke and dementia, respectively. In addition,
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low dose of oral CEE+ progestin exhibited 5%-13% decreased
risks of all six CV conditions (Table 4D and G and Supplemental
Digital Content 6D and G, http:/links.lww.com/MENO/B236).

DISCUSSION

For decades, menopausal HT after age 65 years was considered
to be unnecessary because symptoms due to estrogen withdrawal
rarely persisted beyond age 65. However, a growing body of
evidence suggests that some vasomotor symptoms do persist in
many elderly women,” and thus HT can benefit them. Recogniz-
ing this reality, in 2022, The Menopause Society changed their
position about use of HT in women aged 65 years and older,® sug-
gesting that the decision to start or continue HT beyond age
65 years should be individualized (ie, based on the individual's
specific needs, overall health, and medical history) and high-
lighted the use of lower doses and nonoral preparation to mini-
mize risks of adverse effects. In this study, we explored the
initiation/continuation of menopausal HT beyond age 65 years
and effects of 40 different HT preparations on 13 health outcomes.

Copyright © 2024 The Author(s)
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EFFECTS OF POSTMENOPAUSAL HORMONE THERAPY

TABLE 4. Marginal effects of HT regimens on CVoutcomes and dementia

(d) Stroke

(e) AF

(f) AMI

(g) Dementia

1.05 (1.04-1.07)*
0.99 (0.97-1.01)

1.06 (1.05-1.07)1
0.95 (0.93-0.97)+
0.96 (0.93-0.99)|
1.06 (0.96-1.18)

0.94 (0.92-0.95) +
0.99 (0.96-1.02)
1.08 (1.05-1.11)4
0.97 (0.94-1.01)
0.98 (0.94-1.02)

0.91 (0.86-0.97)|
1.02 (0.96-1.08)
0.92 (0.86-0.99)|

0.94 (0.90-0.97)+
1.15 (1.02-1.29)1
0.91 (0.82-1.02)

0.96 (0.90-1.04)
0.93 (0.89-0.97)|

Marginal HT (a) IHD (b) CHF (c) VTE
Estrogen without 1.04 (1.03-1.05)* 0.95 (0.94-0.96)+ 0.97 (0.96-0.98)+ 1.01 (0.99-1.02)
progestogen
By type
CEE 1.04 (1.03-1.05)* 0.99 (0.98-1.01)  0.98 (0.97-1.00)]
E2 1.03 (1.02-1.05)* 0.94 (0.92-0.95)+ 0.97 (0.95-0.99) ¢
By route
Oral 1.04 (1.03-1.04)* 1.01 (1.00-1.02)  0.98 (0.97-1.00)]
Transdermal 1.01 (1.00-1.03)  0.90 (0.88-0.91)% 0.94 (0.92-0.97)+
Vaginal 1.03 (1.00-1.05)1 0.87 (0.84-0.90)+ 0.96 (0.93-0.99)]
Injection 1.17 (1.10-1.25)* 1.17 (1.07-1.27)* 1.02 (0.91-1.13)
By dose
Low 0.99 (0.98-1.00)] 0.87 (0.86-0.88)+ 0.93 (0.92-0.95) +
Medium 1.02 (1.01-1.04)1 0.93 (0.90-0.95)+ 0.96 (0.94-0.99)]
High 1.09 (1.08-1.11)* 1.05 (1.03-1.07)* 1.01 (0.98-1.04)
Progestin without estrogen ~ 1.00 (0.98-1.02)  1.08 (1.05-1.11)* 1.12 (1.08-1.16)*
Estrogen + progestin 0.95 (0.93-0.97)+ 0.95 (0.91-0.98)] 0.95 (0.91-0.99)|
By type
CEE 0.98 (0.95-1.01)  0.96 (0.91-1.01)  0.94 (0.89-0.99)]
E2 0.94 (0.90-0.97)] 0.96 (0.91-1.01)  0.94 (0.89-1.00)
EE 0.96 (0.92-1.00)  0.88 (0.83-0.94)+ 0.98 (0.92-1.05)
By route
Oral 0.96 (0.94-0.98)+ 0.91 (0.88-0.93)% 0.95 (0.92-0.98)|
Transdermal 0.90 (0.83-0.97)] 0.97 (0.86-1.09)  0.94 (0.83-1.07)
Vaginal 0.99 (0.93-1.05)  1.02 (0.94-1.12)  0.96 (0.87-1.05)
By dose
Low 0.93 (0.89-0.97)% 0.96 (0.90-1.02)  0.95 (0.89-1.02)
Medium 0.98 (0.96-1.01)  0.93 (0.90-0.97)% 0.95 (0.92-0.99)]
High 0.93 (0.86-1.01)  0.95 (0.85-1.07)  0.93 (0.82-1.06)

Progesterone without
estrogen
Estrogen + progesterone

1.08 (1.06-1.11)*

0.98 (0.96-1.01)

0.94 (0.90-0.97)]

0.96 (0.92-1.00)]

0.94 (0.90-0.98)]

1.02 (0.98-1.06)

By type
CEE 0.98 (0.93-1.03)  0.91 (0.83-1.00)] 1.02 (0.93-1.12)
E2 0.99 (0.96-1.01)  0.98 (0.94-1.02) 1.02 (0.98-1.06)
By route
Oral 0.97 (0.93-1.01)  0.90 (0.84-0.95)] 1.01 (0.94-1.08)
Transdermal 1.00 (0.96-1.03)  1.01 (0.95-1.07)  1.02 (0.96-1.09)
Vaginal 1.00 (0.96-1.05) 1.03 (0.96-1.11) 1.04 (0.96-1.12)
By dose
Low 0.98 (0.94-1.02)  0.94 (0.88-1.01)  0.95 (0.89-1.02)
Medium 0.97 (0.94-1.01)  0.95 (0.90-1.02)  1.06 (0.99-1.13)
High 1.00 (0.95-1.05)  0.99 (0.92-1.08)  1.06 (0.97-1.15)

1.07 (0.95-1.21)
1.01 (0.97-1.05)

0.97 (0.93-1.01)

0.91 (0.82-1.00)
0.99 (0.95-1.03)

0.95 (0.89-1.01)
0.95 (0.89-1.02)
1.02 (0.94-1.11)

0.97 (0.90-1.04)
0.91 (0.85-0.98)|
1.05 (0.97-1.14)

0.96 (0.95-0.98) +

1.00 (0.98-1.01)
0.95 (0.93-0.97)+

1.00 (0.99-1.02)
0.93 (0.90-0.95)+
0.93 (0.90-0.97)
0.94 (0.84-1.05)

0.94 (0.92-0.95)+
0.96 (0.93-0.99)|
0.99 (0.96-1.01)
1.08 (1.04-1.13)4
0.98 (0.94-1.02)

0.93 (0.87-0.98)]
1.00 (0.94-1.06)
0.96 (0.90-1.04)

0.93 (0.90-0.96)
1.04 (0.92-1.18)
1.03 (0.93-1.14)

0.97 (0.90-1.04)
0.93 (0.89-0.97)|
1.07 (0.94-1.22)
0.98 (0.94-1.03)

0.98 (0.94-1.03)

0.96 (0.86-1.06)
0.99 (0.95-1.04)

0.92 (0.86-0.99)|
1.01 (0.94-1.08)
1.06 (0.98-1.15)

0.98 (0.91-1.05)
0.97 (0.90-1.04)
1.01 (0.92-1.11)

0.89 (0.87-0.92) +

0.94 (0.91-0.96) ¢
0.88 (0.85-0.91)+

0.93 (0.91-0.95) +
0.86 (0.82-0.90) ¢
0.83 (0.77-0.89) +
1.05 (0.89-1.25)

0.82 (0.79-0.85) +
0.89 (0.84-0.95) ¢
0.96 (0.92-1.00)
1.00 (0.93-1.07)
0.97 (0.89-1.05)

0.92 (0.83-1.03)
1.03 (0.91-1.16)
0.81 (0.70-0.94)|

0.89 (0.83-0.95)]
1.13 (0.88-1.44)
1.01 (0.82-1.24)

0.95 (0.82-1.09)
0.96 (0.88-1.04)
1.02 (0.80-1.31)
0.79 (0.72-0.86) +

0.96 (0.88-1.05)

0.98 (0.80-1.21)
0.95 (0.87-1.05)

0.95 (0.82-1.09)
0.88 (0.75-1.02)
1.09 (0.91-1.30)

0.99 (0.85-1.16)
0.91 (0.78-1.05)
1.00 (0.82-1.21)

0.98 (0.97-1.00)]

1.01 (1.00-1.03)
0.97 (0.95-0.99)|

1.02 (1.01-1.03)
0.92 (0.89-0.94)
0.95 (0.92-0.99)|
1.08 (0.97-1.19)

0.92 (0.90-0.94)
0.98 (0.95-1.02)
1.03 (1.00-1.06)
1.00 (0.96-1.04)
1.03 (0.98-1.07)

1.00 (0.94-1.06)
1.03 (0.97-1.10)
1.04 (0.97-1.12)

1.07 (1.03-1.10)t
1.00 (0.87-1.14)
0.96 (0.87-1.07)

0.92 (0.85-0.99)|
1.05 (1.01-1.10)
1.19 (1.05-1.35)
0.95 (0.91-1.00)

1.01 (0.97-1.06)

1.07 (0.97-1.18)
0.99 (0.95-1.04)

1.01 (0.94-1.08)
0.98 (0.91-1.05)
1.06 (0.98-1.15)

0.99 (0.92-1.06)
1.07 (1.00-1.14)
0.98 (0.89-1.08)

Notes: Data are presented as adjusted hazards ratio (aHR) and its 95% CI.
AF, atrial fibrillation; AMI, acute myocardial infarction; HF, heart failure; IHD, ischemic heart diseases; VTE, venous thromboembolism.
+ = very significantly low with P value < 0.001, | = significantly low with 0.001 < P value < 0.05.

+ = very significantly high with P value < 0.001, 1 = significantly high with 0.001 < P value < 0.05.

We found important variations across different types, routes,
and strengths of HT.

Compared with never use or discontinuation of HT after 65 years,
ET use beyond age 65, overall, was associated with significant re-
ductions in mortality risk. It was also associated with reduced risks
of three cancers (breast, lung, and colorectal), four CV conditions
(congestive heart failure [CHF], VTE, AF, and AMI), and dementia.
Generally, risk reduction was greater for E2 (vs CEE), vaginal and
transdermal (vs oral), and low or medium (vs high dose). For EPT
use, E+ progestin marginally exhibited risk reductions in endome-
trial and ovarian cancers, [HD, CHE and VTE, whereas E+ proges-
terone exhibited risk reduction only in CHE.

Association with all-cause mortality

Oral CEE 0.625 mg, the sole preparation studied in the WHI trials,
exhibited a close to significant 6% mortality reduction in the 18-year
cumulative follow-up of the WHI trials,”> which gives plausibility to

the 9% mortality reduction we observed with use of medium dose oral
CEE. The 19% mortality reduction we observed with ET overall is
consistent with the results from a meta-analysis of 31 observational
and RCT studies that reported reduced mortality among HT users®
and with the reanalyses of the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening RTC, which reported a 23% decrease
in all-cause mortality among current users of any HT. Medium
(or 0.625 mg) dose of oral CEE+ progestin exhibited no mortality
risk reduction in both our study and the 18-year cumulative
follow-up of the WHI trials.”* However, our study found signifi-
cant mortality reduction associated with different EPT prepara-
tions: low dose of oral CEE+ progestin, CEE+ progesterone, E2
+ progestin, and medium dose of oral and transdermal E2+ pro-
gestin, confirming The Menopause Society's 2022 position state-
ment advice on mitigation of risk through use of the low dose,
nonoral route of administration, and different types of estrogen
and progestogen.®
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Associations with cancers

Overall ET and medium dose of oral CEE, in our study, were
associated with 16% and 26% reductions of breast cancer risk,
respectively. Overall EPT and medium dose oral CEE+ progestin
were associated with the opposite—a 10%-19% increase in breast
cancer risk. The WHI postintervention study reported a significant,
and similarly sized, 21% decreased risk of breast cancer with CEE
alone and a 28% increase with CEE + medroxyprogesterone,” giv-
ing credence to our results. Importantly, our study found an insig-
nificant but numerically reduced risk of breast cancer associated
with two EPT (low dose of transdermal and vaginal E2+ proges-
tin). On average, ET use was also associated with significant
13% and 12% risk reductions for lung and colorectal cancers,
but EPT had no association with these two cancers. In contrast,
the WHI postintervention study only reported insignificant as-
sociations for lung and colorectal cancers. However, our results
were based on at least 100,000 cases of each cancer, 1,000 times
more cases than that of the WHI postintervention study, providing
much greater statistical power to see associations. A few observa-
tional studies support our findings of reduced lung cancer risk in
association with HT use.>**> Two observational studies***” and a
reanalysis of the Prostate, Lung, Colorectal, and Ovarian trial
data®® support our protective associations between HT use and
colorectal cancer. The greater incidence of colorectal (79%)*
and lung cancer (26%)° among women with lower levels of es-
trogen due to oophorectomy as part of their hysterectomy com-
pared with hysterectomized women without ovary removal also
supports our results of ET use by implying that estrogen protects
against these two cancers.

Associations with CV diseases and dementia

Similar to the results of oral CEE 0.625 mg in the WHI post-
intervention study,” our medium dose of oral CEE exhibited no
risk reductions in either six CV conditions or dementia. Our re-
sults also suggest significant risk increases for IHD and stroke
associated with medium dose of oral CEE. However, low-dose
ET was associated with significant risk reductions for all CV
conditions and dementia. Transdermal and vaginal ET which
should avoid the procoagulant and proinflammatory effects as-
cribed to liver passage®'? exhibited reduced risk of both de-
mentia and stroke, in accord with the results of other studies.>?

When used alone, progesterone was associated with signifi-
cantly decreased risks of three CV conditions (CHE, VTE, and
AMI), whereas progestin exhibited no risk reductions at all.
However, when combined with estrogen, E+ progestin did ex-
hibit significant risk reductions in IHD, CHF, and VTE, whereas
E+ progesterone exhibited risk reduction for CHF alone.

Strengths and limitation

Our data availability only began at age 65 years, and informa-
tion on hysterectomy and other health conditions before Medicare
year was unavailable, and thus we did not have a way to correct
for them. We depended on claims for encounter diagnoses and
could not validate them through chart review. As is true for all ob-
servational studies, differential influences of unmeasured con-
founders, such as adherence to healthy behavior among HT users,
could have been present.
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One strength was the use of filled prescription records, rather
than recall, to ascertain HT use. Another strength was its sample
size (>10 million) including almost all menopausal women aged
265 years and the incidence of each outcome (up to 1.6 million)
—nearly an order of magnitude greater than any previous HT
study.** Its massive sample size and incidence enabled us to
estimate differential effects of 40 different HT type, route, and
dose combinations on study outcomes.

CONCLUSIONS

Our study suggests the possibility of important health benefits
with use of menopausal HT beyond age 65 years. The use of ET,
mostly prescribed to women without intact uterus, can protect
against risks of all-cause mortality, developing cancers (breast,
lung, and colorectal), CHF, VTE, AF, AMI, and dementia. The
implications of EPT for women who still have their uterus are less
clear. The use of EPT does not increase risks for almost all con-
ditions but does increase the risk of breast cancer. However, low
dose of transdermal and vaginal EPT (especially E+ progestin)
can mitigate the risk of breast cancer. In general, risk reductions
appear to be greater with low rather than medium or high doses,
vaginal or transdermal rather than oral preparations, and with E2
rather than CEE as emphasized by others.*®

Our follow-up began when women entered Medicare at about
age 65 years, but it is likely that many of them started taking HT
closer to the time of their menopausal symptoms and continued
it into their Medicare years. If so, our positive results align with
the timing hypotheses®® that asserts that HT use early in meno-
pauses is better than later, but extend it by reporting positive ef-
fects with usage continued into Medicare years. Our findings
offer important insights into the variations among different men-
opausal hormone therapies, which could assist in tailoring post-
menopausal HT on an individual basis.
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