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Summary
Background Women benefit from reduced fracture risk while using menopausal hormone therapy. However, 
information on risks after stopping menopausal hormone therapy is scarce and inconsistent, with no information on 
longer-term fracture risk as women age. We aimed to produce robust estimates of fracture risk among past users for 
the longest possible period after discontinuing therapy.

Methods We did a nested case–control study using UK primary and secondary care data from the Clinical Practice 
Research Datalink, with the underlying cohorts CPRD GOLD and Aurum. Women, aged 40 years and older, 
registered with a primary care practice between Jan 1, 1998, and Feb 28, 2023, and with a first record for any 
fracture, were matched at the fracture index date with up to five female controls with no fracture history, who 
were of the same age and registered at the same general practice. Menopausal hormone therapy-related fracture 
risks were assessed using conditional logistic regression adjusted for demographics, family history, menopausal 
symptoms, comorbidities, and other medications.

Findings In total, 648 747 women (500 692 from Aurum and 148 055 from GOLD databases) with a first fracture 
record during the study period were matched to 2 357 125 women with no previous or contemporaneous fracture 
record. Age of average fracture cases was 68⋅5 years (SD 14⋅0), 3⋅2% were recorded as being from minority ethnic 
populations, and about a quarter of patients were older than 80 years. 140 410 (21⋅6%) cases used menopausal hormone 
therapy for a median of 3⋅6 years (IQR 1⋅3–6⋅8) and 515 917 (21⋅9%) controls used it for a median of 3⋅9 years (1⋅4–7⋅3). 
Compared with never-use, overall fracture risk was reduced for current use (oestrogen-only odds ratio [OR] 0⋅76 [95% CI 
0⋅74–0⋅78], oestrogen–progestogen OR 0⋅75 [0⋅73–0⋅76]), became higher 1–10 years after discontinuation (oestrogen-only 
OR 0⋅99 [0⋅98–1⋅01], oestrogen–progestogen OR 1⋅06 [1⋅05–1⋅08]), but was again lower for more than 10 years 
post-cessation (oestrogen-only OR 0⋅93 [0⋅91–0⋅94], oestrogen–progestogen OR 0⋅95 [0⋅94–0⋅96]). Risk levels 
varied by menopausal hormone therapy type and by duration of treatment. Estimated extra fracture cases per 
10 000 women-years 1–10 years after oestrogen–progestogen treatment were equivalent to 14 cases for less than
5 years menopausal hormone therapy exposure and five cases for 5 or more years of exposure. However, for more 
than 10 years after discontinuation, we estimated three fewer fracture cases for those on oestrogen–progestogen 
therapy for less than 5 years exposure and 13 fewer fracture cases for those with 5 or more years of exposure.

Interpretation We have observed an attenuation of fracture risk after discontinuing menopausal hormone therapy, 
which manifests after an initial sharp rise. Fracture risk generally increases with age, but after discontinuation of 
menopausal hormone therapy, fracture risk increases steeply, usually to above the levels of comparable never-users, 
and then rises less quickly relative to never-users to become again notably reduced by comparison in older age. Our 
findings provide information for researchers looking to improve fracture risk outcomes for women after 
discontinuing menopausal hormone therapy, and for doctors and their patients to consider before commencing 
or stopping menopausal hormone therapy, especially regarding expected steep post-discontinuation rises in 
fracture risk and periods of enhanced fracture risk.
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Introduction
Bone mineral density decreases with age and can decrease 
more rapidly in women during the period of menopause. 
Among ageing populations, rising levels of osteoporosis 
and fractures have become major health-care, societal, and 
economic concerns. 1–3 Menopausal hormone therapy is a

preferred treatment for menopause symptoms, and the
beneficial effects on bone density and fracture risk while
patients receive this therapy are well known. 4,5 Some stud-
ies have investigated bone health or fracture outcomes after 
menopausal hormone therapy has ceased, but existing 
findings are inconsistent, with a lack of long-term evidence.
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A meta-analysis of randomised controlled trials of 
menopausal hormone therapy (dominated by the Women’s 
Health Initiative, which followed-up women for up to 
5 years after treatment) reported fracture risk decreases for 
current users but an unchanged risk post-discontinuation. 6,7 

The Million Women Study, a large observational study that 
investigated fracture risks during and after menopausal 
hormone therapy, similarly reported decreased fracture 
risks in current users but found no reportable change post-
cessation. 8 However, a US study of menopausal hormone 
therapy users reported a 55% rise in hip fracture risk after 
discontinuation, compared with current use. 9 A National 
Osteoporosis Risk Assessment study found that bone 
density was higher in longer-term menopausal hormone 
therapy users and, although bone density decreased 
post-discontinuation, remained high compared with never-
users. However, the number of fracture events was insufficient 
to demonstrate risk differences for different combinations 
of duration and recency of menopausal hormone therapy 
use. 10 All studies had power limitations during follow-up. 
Other evidence on fracture risks after stopping meno-
pausal hormone therapy is also inconsistent, underpow-
ered, or based only on short-term menopausal hormone

therapy use, despite about 40% of UK therapy users 
having a more than 5-year exposure. 11

We aimed to investigate the relationship between the risk 
of any fracture in users of menopausal hormone therapy 
and recency and duration of past use, focusing on the 
period after stopping menopausal hormone therapy and 
into the medium-term and long-term future.

Methods
Study design and participants
We used the Clinical Practice Research Datalink (CPRD), 
supplemented by linked Hospital Episode Statistics 
admission data, Office of National Statistics mortality data, 
and Townsend deprivation data. CPRD is a UK National 
Health Service (NHS) primary care data resource, used 
worldwide for medical research. Data from CPRD are 
routinely collected and representative of the UK population, 
including symptoms, diagnoses, investigation results, 
therapy prescriptions, life-style records and demographics. 12 

Details of the study and analysis plan have been pub-
lished. 13 We conducted two nested case–control studies 
using underlying cohorts from CPRD GOLD and Aurum. 14 

We followed-up women, aged 40 years and older, registered

Research in context

Evidence before this study
We searched PubMed for articles in English published between Jan 
1, 1975, and Jun 30, 2024, for trials, observational studies, and 
meta-analyses with outcomes of any type of fracture or of bone 
mineral density change after exposure to menopausal hormonal 
therapy. We focused on studies with follow-up after 
discontinuation of menopausal hormone therapy intervention or 
treatment. Of the clinical trials found, only the Women’s Health 
Initiative (5-year follow-up after trial end) provided fracture-risk 
evidence after menopausal hormone therapy discontinuation. 
Evidence from observational studies was inconsistent, with some 
reporting no changes and others reporting various rates of risk 
increase towards never-user levels. The few studies with post-
cessation follow-up exceeding 5 years were not powered to 
deliver reliable risk estimates over the whole period or to identify 
differences between treatments.

Added value of this study
We used prospectively recorded general practice and hospital 
records of fractures, including all menopausal hormone therapy 
treatments commonly prescribed to UK National Health Service 
patients. The study was powered to investigate menopausal 
hormone therapy types and regimens, and to deliver robust risk 
estimates for up to 25 years after discontinuation. We confirm 

that women who discontinue menopausal hormone therapy 
experience increases in fracture risk. However, we also provide 
novel evidence that most women will then experience levels 
initially higher than those of comparable never-users, before 
comparative risk-level paths change again to the advantage of

past menopausal hormone therapy users. Therefore, past-user 
fracture risk in later life again becomes notably lower than the 
never-user comparators. This post-cessation pattern is consistent 
across menopausal hormone therapy types and formulations, but 
with clinically important differences relating to treatment type 
and, more importantly, duration of past menopausal hormone 
therapy exposure.

Implications of all the available evidence
Although fracture risks in all women increase with age, our 
findings suggest some persistent beneficial effects on bone 
ageing among discontinued menopausal hormone therapy users, 
with a continuing attenuation of age-related decline relative to 
never-users, after an initial rapid post-cessation loss in bone 
strength. Women who survive into older age will benefit overall 
from reduced fracture risk, not only while using menopausal 
hormone therapy, but also after stopping therapy of any type. 
However, the post-cessation medium-term elevation of fracture 
risk compared with never-users has important clinical 
implications. We discuss the potential advantages and 
disadvantages of different regimens, contrasting the risk patterns 
to be expected from short-term or long-term use. Regarding the 
implications for women before initiating menopausal hormone 
therapy, we note the need for individualised discussions and, in 
some cases, bone health assessments. Biological research might 
be needed to underpin and better understand our results, but our 
findings might help to enhance clinical and patient decision 
making for the future of women’s health.
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with a primary care practice between Jan 1, 1998, and 
Feb 28, 2023, with at least 10 years of practice records 
before inclusion and no record of previous fractures. 
Fractures were identified from general practice records 
using Read codes and from linked hospital and mortality 
data using ICD-10 codes. Cases—women with a first ever 
recorded any fracture—were matched at fracture index 
date with up to five controls, who were women with the 
same birth year, from the same practice, and who had no 
history of any fractures.
CPRD has obtained ethical approval from a National 

Research Ethics Service Committee. The CPRD Research 
Data Governance (RDG) application has been approved by 
the CPRD RDG committee (N 22_002376). A project 
summary is published on the CPRD website. CPRD 
data are anonymised research data and therefore written 
informed consent from included individuals was not 
required.

Procedures
We considered all menopausal hormone therapy pre-
scriptions containing oestrogen and progestogen in the 
British National Formulary, section 6.4.1. Oral, transder-
mal, subcutaneous, or intra-uterine applications were 
considered systemic and vaginal applications were consid-
ered topical. For women with at least two prescriptions, we 
analysed two systemic exposures—oestrogen–progestogen 
for women with a uterus and oestrogen-only for women 
without. We analysed fracture outcomes in relation to 
duration of treatment and time since discontinuation, for 
all hormonal formulations commonly prescribed in NHS 
settings: oestrogens (oestradiol; and conjugated equine 
oestrogen) and progestogens (medroxyprogesterone acet-
ate; norgestrel or levonorgestrel; norethisterone; and 
dydrogesterone). We also investigated oral and transdermal 
preparations for oestradiol, norgestrel or levonorgestrel, 
and norethisterone. Tibolone, topical oestrogens, ralox-
ifene (prescribed to prevent menopausal osteoporosis), and 
single prescription menopausal hormone therapy use were 
included as confounders.

Statistical analysis
We estimated associations between fracture risk and 
exposure to menopausal hormone health using conditional 
logistic regression. For exposure, we categorised recency 
and durations and provided odds ratios (ORs) and 95% CIs. 
We used fractional polynomials to draw risk estimate 
patterns compared with never-use over the observational 
period (up to 25 years before the index date) by duration of 
exposure or time since discontinuation of treatment. 15 

Analyses were adjusted for confounders established as 
fracture-risk factors likely to have influenced doctors or 
patients in the decision to start, continue, or discontinue 
menopausal hormone therapy. 13 Selected confounders 
included patient characteristics, life-style measures, bone 
health and menopausal-related information, comorbidities,

and other relevant medications if recorded before the index 
date. Potential confounders were included if their addition 
altered the OR for menopausal hormone therapy exposure 
by at least 1%.
Missing values for smoking status, alcohol consumption, 

and BMI were filled using multiple imputation techniques, 
creating five imputed datasets with multiple chained 
equations and making final estimates using Rubin’s rules. 16 

Because of higher levels of missing data, absent ethnicity 
information was classified as non-recorded.
Analyses were run separately on GOLD and Aurum data, 

and separate estimates were then combined using meta-
analysis techniques with a fixed-effect model. The com-
bined estimates are reported. 17 Incidence fracture rate in 
the non-exposed population was estimated by following up 
women from their study entry until first menopausal 
hormone therapy prescription or the point at which they left 
the study. Our combined estimates were then applied to 
calculate expected extra or fewer fractures in menopausal 
hormone therapy users. 18

In sensitivity analyses, we addressed two possible biases. 
Information bias: some women might have registered with 
a practice long after their menopause and lack menopausal 
hormone therapy exposure data, so we analysed cases with 
fractures before age 80 years and their controls. Indication 
bias: women with known bone-related problems might 
have started menopausal hormone therapy treatment or 
switched to other bone-protective drugs (indications might 
include diagnoses of osteoporosis, osteomalacia, cancer, 
Paget’s disease, alcoholism, HIV, or osteoporosis treatment 
medications recorded before the index date), so we analysed 
women with healthy bones.
Distinguishing fractures caused by low-density bones 

from trauma fractures would have been unreliable, because 
this level of detail was not consistently recorded. Therefore, 
we ran a subgroup analysis on cases diagnosed with 
fragility fractures (spine, hip, humerus, rib, radius or ulna, 
or pelvic) and their controls. Because site-specific risks 
might be affected differently by hormonal treatment, we 
also ran subgroup analyses for the most common sites 
(spine, hip, or humerus).
Bone density reduces with age, and obesity is associated 

with both increased fracture risk and faster bone loss, 
so we analysed three age categories with sufficient expo-
sures to ensure reliability of findings (50–59, 60–69, and 
70–79 years) and also analysed menopausal hormone 
therapy exposure and fracture risks for three BMI categories 
(up to 25 , 25–29, and ≥30 kg/m 2 ). 19 We used a 1% signifi-
cance level to allow for multiple comparisons but reported 
95% CIs to facilitate comparison with other studies. All 
statistical analyses were done with Stata (version 18).

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report.

For the project summary see 
https://www.cprd.com/ 
approved-studies/use-
menopausal-hormone-therapy-
and-risk-fractures-nested-case-
control-study-using
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Results
Overall, 648 747 women (Aurum, 500 692 and GOLD, 
148 055) with a first fracture record during the study 
period were matched to 2 357 125 women with no previous 
or contemporaneous fracture record (appendix p 2). 
Descriptive statistics of included confounders for cases 
and controls across both datasets are presented in table 1. 
These data are presented separately for GOLD and Aurum 
in the appendix (pp 3–5) showing consistency but slightly 
higher prevalence for comorbidities and medication use 
in the GOLD dataset.
Average fracture age for cases was 68⋅5 years (SD 14⋅0); 

3⋅2% were recorded as being from minority ethnic pop-
ulations, with about a quarter of patients older than 
80 years. Cases were more likely than controls to be current 
smokers (14⋅6% vs 12⋅6%) and to have higher prevalence for 
comorbidities and exposure to other medications.
Across both datasets, 140 410 cases (21⋅6%) and 

515 917 controls (21⋅9%) had at least two menopausal 
hormone therapy prescriptions, with median exposures of 
3⋅6 years (IQR 1⋅3–6⋅8) for cases and 3⋅9 years (1⋅4–7⋅3) for 
controls. 53 030 (37⋅8%) of the 140 410 casses exposed and 
211 591 (41⋅0%) of the 515 917 controls had exposures of
5 or more years, and 14 608 (10%) of cases and 63 328 
(12⋅3%) of controls had exposures of more than 10 years. 
Overall, 44 314 (6⋅8%) cases and 160 178 (6⋅8%) controls 
had used oestrogen-only therapy, and 96 096 (14⋅8%) cases 
and 355 739 (15⋅1%) controls had used oestrogen– 
progestogen therapy. During the observational period, 
7568 (1⋅2%) cases and 29 347 (1⋅2%) controls had switched 
from oestrogen–progestogen to oestrogen-only therapy. 
Overall, 25 650 (4⋅0%) cases and 108 560 (4⋅6%) controls 
had a prescription within 1 year before the index date 
(current use), 60 609 (9⋅3%) cases and 199 767 (8⋅5%) controls 
discontinued between 1 year and 10 years before the index 
date, and 54 151 (8⋅3%) cases and 207 590 (8⋅8%) controls 
stopped more than 10 years before the index date. 
Menopausal hormone therapy users were generally 

younger and less likely to be from a minority ethnic group 
and had more records for anxiety (among users, about 24% 
of cases and about 21% of controls; among non-users, about 
16% of cases and about 14% of controls) and prescriptions 
for antidepressants, proton-pump inhibitors, sedatives, or 
systemic corticosteroids (appendix pp 6–8).
Overall, compared with never-use, current menopausal 

hormone therapy use was associated with lower fracture 
risk (oestrogen-only: OR 0⋅76 [95% CI 0⋅74–0⋅78]; 
oestrogen–progestogen: 0⋅75 [0⋅73–0⋅76]), discontinuation 
between 1 year and 10 years before with higher fracture risk 
(oestrogen-only 0⋅99 [0⋅98–1⋅01]; oestrogen–progestogen 
1⋅06 [1⋅05–1⋅08]), and discontinuation more than 10 years 
before with decreased fracture risk (oestrogen-only: 
0⋅93 [0⋅91–0⋅94]; oestrogen–progestogen: 0⋅95 [0⋅94–0⋅96]) 
(appendix pp 9–10).
A consistent pattern of fracture risks (compared with 

never-use of menopausal hormone therapy) for different 
therapies and hormone formulations over the years

Cases
(n=648 747)

Controls
(n=2 357 125)

Age, years 68⋅5 (14⋅0) 68⋅0 (13⋅5)
Ethnicity

White 532 039 (82⋅0%) 1 833 001 (77⋅8%)

Not recorded 96 245 (14⋅8%) 432 186 (18⋅3%)

Bangladeshi 575 (0⋅1%) 2819 (0⋅1%)

Black African 1553 (0⋅2%) 7845 (0⋅3%)

Caribbean 2723 (0⋅4%) 16 972 (0⋅7%)

Chinese 754 (0⋅1%) 4607 (0⋅2%)

Indian 6287 (1⋅0%) 22 303 (0⋅9%)

Other 4472 (0⋅7%) 19 732 (0⋅8%)

Other Asian 1925 (0⋅3%) 8464 (0⋅4%)

Pakistani 2174 (0⋅3%) 9196 (0⋅4%)
Townsend score quintile*

1 (most affluent) 135 579 (20⋅9%) 508689 (21⋅6%)

2 137 993 (21⋅3%) 511 696 (21⋅7%)

3 143 176 (22⋅1%) 518 777 (22⋅0%)

4 133 016 (20⋅5%) 474 834 (20⋅1%)

5 (most deprived) 98 983 (15⋅3%) 343 129 (14⋅6%)
BMI, kg/m2

Recorded 562 918 (86⋅8%) 2 016 073 (85⋅5%)

Mean (SD) 26⋅6 (5⋅9) 27⋅4 (6⋅0)
Smoking

Recorded 616416 (95⋅0%) 2209 976 (93⋅8%)

Non-smoker 369 868 (57⋅0%) 1 407 322 (59⋅7%)

Ex-smoker 151 512 (23⋅4%) 506 604 (21⋅5%)

Light (1–9 cigarettes per day) 50 314 (7⋅8%) 157 754 (6⋅7%)

Moderate (10–19) 28 541 (4⋅4%) 92 040 (3⋅9%)

Heavy (≥20) 16 181 (2⋅5%) 46 256 (2⋅0%)
Alcohol

Recorded 562 025 (86⋅6%) 2 007 080 (85⋅1%)

Non-drinker 85 273 (13⋅1%) 304 294 (12⋅9%)

Trivial (< 1 unit per day) 322 815 (49⋅8%) 1 189 170 (50⋅5%)

Light (1–2) 100 855 (15⋅5%) 345 500 (14⋅7%)

Moderate (3–6) 43 377 (6⋅7%) 142 162 (6⋅0%)

Heavy (7–9) 5598 (0⋅9%) 15 088 (0⋅6%)

Very heavy (≥10) 4107 (0⋅6%) 10866 (0⋅5%)
Chronic conditions

Alcoholism 12 575 (1⋅9%) 22 204 (0⋅9%)

Anxiety 116 028 (17⋅9%) 365827 (15⋅5%)

Breast cancer 29 358 (4⋅5%) 91 857 (3⋅9%)

Cancer (at any other site) 28 113 (4⋅3%) 87 580 (3⋅7%)

Cardiovascular disease 109 703 (16⋅9%) 324 912 (13⋅8%)

Chronic obstructive pulmonary
disease

35 556 (5⋅5%) 86 232 (3⋅7%)

Dementia 15 020 (2⋅3%) 27 790 (1⋅2%)

Diabetes 61 263 (9⋅4%) 202 545 (8⋅6%)

Liver disease 9625 (1⋅5%) 27 881 (1⋅2%)

Rheumatoid arthritis 18 673 (2⋅9%) 46 290 (2⋅0%)
Bone-related conditions

Osteoporosis 48 654 (7⋅5%) 104 172 (4⋅4%)

Family history of osteoporosis 5356 (0⋅8%) 16 054 (0⋅7%)
Other characteristics

Early menopause 69959 (10⋅8%) 228971 (9⋅7%)

Hysterectomy 125 327 (19⋅3%) 433 713 (18⋅4%)

(Table 1 continues on next page)

See Online for appendix
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after discontinuation of menopausal hormone therapy 
(zero years corresponds to current use) was shown 
(figure 1). Risk did not long stay decreased but rose quickly 
to become somewhat increased, before falling to reach 
equivalence, and then again showed a decrease, compared 
with never-use. Longer-term decreases appeared propor-
tional to the duration of use for both therapy types in most 
recency categories (appendix p 11).
Compared with never-use, fracture risks after discon-

tinuation varied by period of menopausal hormone therapy 
use. Data for different categories of recency and exposure 
are presented in figure 2. In women still on menopausal 
hormone therapy or those who stopped within a year of the 
index date, longer use of more than 10 years was associated 
with the lowest risk (oestrogen-only, OR 0⋅62 [95% CI 
0⋅59–0⋅65]; oestrogen–progestogen, 0⋅66 [0⋅62–0⋅69]). For 
women who discontinued between 1 year and 10 years before 
the index date, the shorter the therapy, the higher the 
increase in risk after discontinuation, with risk staying 
similar to never-users only among women exposed to 
menopausal hormone therapy for more than 10 years. 
Estimates for fracture risks (compared with same-aged 

never-users) by therapy type and years since menopausal 
hormone therapy discontinuation for short-term (<5 years) 
and long-term (≥5 years) use are shown in figure 3. In the 
first year after discontinuation, initial fracture-risk rate 
increases are greater for long-term than short-term use: 
oestrogen-only long-term, 36% versus short-term, 12%; 
oestrogen–progestogen long-term, 65% versus short-term,

29%. Overall, longer-term use was associated with lower 
risk profiles than shorter use.
Medians for durations of menopausal hormone therapy 

use and associated fracture risks for different types, for-
mulations, and mode of delivery are presented in the 
appendix (pp 12–14) and demonstrated similar patterns. 
A flatter post-discontinuation risk curve for oestradiol– 
dydrogesterone, with a lesser decrease in risk for 
current use and almost no increased risk after discon-
tinuation is shown in figure 1. This might be explained by 
the relatively low number of oestradiol–dydrogesterone 
long-term users because, when separated from short-
term users, long-term oestradiol–dydrogesterone use 
demonstrates a reduced risk level (OR 0⋅67 [95% CI 
0⋅58–0⋅76]) similar to other oestrogen–progestogen 
preparations (appendix p 13).
Results from sensitivity analyses, addressing possible 

information and indication biases, matched the main 
analysis (appendix p 15). Fragility fractures had slightly 
lower risks across all categories of exposures, but risk 
increases after discontinuation were sharper than in the 
main analysis, both across treatments and exposure terms 
(appendix p 16). Fracture risks for spine, hip, and humerus 
were similar (appendix p 17).
Additional analyses for age categories all had similar 

findings, with slight differences probably arising from 
higher average exposure durations and times since dis-
continuation at older ages (appendix p 18). The different 
BMI categories also revealed similar findings, with slightly 
lower risks in current long-term users for women with a 
lower BMI (appendix p 19).
For the study period, using both GOLD and Aurum 

cohorts, the incidence rate for a first fracture in unexposed 
women aged 40 years to 100 years was 142 fractures per 
10 000 women-years. For short-term (<5 years) and long-
term (≥5 years) use, the number of expected extra or 
fewer incident fractures among women using oestrogen-
only or oestrogen–progestogen therapies for current use 
(including first year post-cessation) and for the key post-
discontinuation periods is presented in table 2.
Compared with never-users, we expect fewer cases 

among current users: for short-term use, we expect 
23 fewer cases per 10 000 women-years for those on 
oestrogen-only therapy, and 12 fewer cases per 10 000 
women-years for those on oestrogen–progestogen therapy; 
for long-term use, we expect 45 fewer cases per 10 000 
women-years for those on oestrogen-only therapy, and 
48 fewer cases for those on oestrogen–progestogen therapy. 
Post-discontinuation—between 1 year and 10 years after— 
we expect more cases among past users (apart from long-
term oestrogen-only users, for which we expect six fewer 
cases). In the short term, we expect nine more cases for 
those on oestrogen-only therapy and 14 more cases for 
those on oestrogen–progestogen therapy and for the long 
term, we expect five more cases for those on oestrogen– 
progestogen therapy. At more than 10 years post-
discontinuation, we expect fewer cases among past users.

Cases 
(n=648 747)

Controls 
(n=2 357 125)

(Continued from previous page)

Menopausal symptoms 140 816 (21⋅7%) 503 114 (21⋅3%)

Oophorectomy 29 380 (4⋅5%) 102 019 (4⋅3%)

Single menopausal hormone
therapy prescription

36 307 (5⋅6%) 114 909 (4⋅9%)

Any use of other medications before the index date

Antidepressants 140 816 (21⋅7%) 503 114 (21⋅3%)

Antiparkinsonians 4941 (0⋅8%) 10 689 (0⋅5%)

Antipsychotics 8383 (1⋅3%) 18 640 (0⋅8%)

Anxiolytics 61 218 (9⋅4%) 163 483 (6⋅9%)

Combined oral contraceptives 89 260 (13⋅8%) 342 552 (14⋅5%)

Proton-pump inhibitors 106 842 (16⋅5%) 306 170 (13⋅0%)

Sedatives 33 367 (5⋅1%) 83 515 (3⋅5%)

Systemic corticosteroids 85 063 (13⋅1%) 229 867 (9⋅8%)
Bone-related prescriptions

Any osteoporotic drugs† 34 842 (5⋅4%) 76 668 (3⋅3%)

Bisphosphonates 34 734 (5⋅4%) 76 419 (3⋅2%)

Calcium 34 726 (5⋅4%) 85 550 (3⋅6%)

Vitamin D 22 858 (3⋅5%) 50 242 (2⋅1%)

Data are n (%) or mean SD. *Taken from individual records for linked practices,
otherwise from practice area deprivation levels. †Any osteoporotic drugs include 
bisphosphonates, denosumab, and teriparatide.

Table 1: Descriptive statistics recorded at the index date for fracture cases 
and their matched controls (combined AURUM and GOLD databases)
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For the short term, we expect four fewer cases for those on 
oestrogen-only therapy and three fewer cases for those on 
oestrogen–progestogen therapy and for the long term, we 
expect 20 fewer cases for those on oestrogen-only therapy

and 13 fewer cases for those on oestrogen–progestogen 
therapy.
Diagrammatically, figure 4 presents estimated fracture 

risk paths for the average woman starting menopausal
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Figure 1: Overall fracture risk patterns after menopausal hormone therapy discontinuation by treatment type
ORs are adjusted for smoking, alcohol consumption, BMI, ethnicity, family history of osteoporosis, oophorectomy or hysterectomy, records of menopause, 
comorbidities, other medications, and number of years of data. Cases are matched to controls by age, general practice, and index date. The model includes fractional 
polynomial terms: oestrogen only (power –0⋅5 0); oestrogen–progestogen (power –2 1); tibolone (power –2 2); conjugated equine oestrogen (power –2 1); oestrogen– 
medroxyprogesterone (power –2 2); oestrogen–levonorgestrel (power –1 1); oestradiol (power –1 1); oestradiol–norethisterone (power –2 1); oestradiol–dydrogesterone 
(power –1 2). OR=odds ratio.
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Figure 2: Overall fracture risks by recency and duration of menopausal hormone therapy use and type
ORs are adjusted for smoking, alcohol consumption, BMI, ethnicity, family history of osteoporosis, oophorectomy or hysterectomy, records of menopause, comorbidities, other medications, and number of 
years of data. Cases are matched to controls by age, general practice, and index date. Current use is defined as use within 1 year before the index date. OR=odds ratio.
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hormone therapy at the age of about 51⋅5 years and con-
tinuing treatment for short-term or long-term duration. 
Post-discontinuation, longer-term use initially results in a 
more severe increase in fracture risk, but later shows a 
more-attenuated rise in fracture risks compared with 
shorter-term use. By contrast, the shorter-term use post-
discontinuation path has a smaller initial rebound and, 
although subsequently having a less-attenuated fracture

risk increase, importantly commences at an earlier stage of 
lower risk.

Discussion
To our knowledge, this study is the largest to date to 
investigate fracture risks in women after menopausal hor-
mone therapy discontinuation, and might also have span-
ned the longest follow-up period of up to 25 years. We 
observed consistent patterns of a sharp risk increase soon 
after discontinuation, followed by a peak in most cases at 
levels higher than those among comparable never-users of 
menopausal hormone therapy, and then declining risk 
levels which were lower than never-user comparators, with 
risk magnitudes at all stages also dependent on the type and 
duration of therapy.
The Women’s Health Initiative post-trial study followed-

up 15 187 women for 5 years but revealed no increased 
fracture risk after discontinuation (conjugated equine oes-
trogen, hazard ratio [HR] 0⋅85 [95% CI 0⋅73–0⋅98]; con-
jugated equine oestrogen with medroxyprogesterone, HR 
0⋅97 [0⋅87–1⋅09]), 7 possibly explained in part by the partic-
ipants’ relatively long exposures to menopausal hormone 
therapy (making their results and our long-exposure esti-
mates more comparable). In the Million Women observational 
study, fracture risk for 841 past users with incident
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Figure 3: Overall fracture risk patterns after menopausal hormone therapy discontinuation by therapy type and exposure to treatment
Percentage markers at 1 year and 3 years show proportion of risk increase from the risk in current users. ORs are adjusted for smoking, alcohol consumption, BMI, 
ethnicity, family history of osteoporosis, oophorectomy or hysterectomy, records of menopause, comorbidities, other medications, and number of years of data. Cases 
are matched to controls by age, general practice, and index date. The model includes fractional polynomial terms: oestrogen-only, less than 5 years (power 0 0⋅5), 5 years 
or more (power –0⋅5 0); oestrogen–progestogen, less than 5 years (power –1 1), 5 years or more (power –2 1). OR=odds ratio.

Oestrogen-only Oestrogen–progestogen

Current use
Used for less than 5 years –12 (–17 to –7) –23 (–26 to –20)
Used for 5 years or more –45 (–48 to –41) –48 (–50 to –45)
Stopped 1–10 years ago
Used for less than 5 years 9 (5 to 13) 14 (12 to 17)
Used for 5 years or more –6 (–10 to –3) 5 (2 to 8)
Stopped more than 10 years ago
Used for less than 5 years –4 (–7 to 0) –3 (–5 to –1)
Used for 5 years or more –20 (–24 to –16) –13 (–16 to –9)

Data are differential numbers (95% CI) per 10 000 women-years. Incidence rate of 
first fracture for women between age 40 years and 100 years (inclusive) was 142 per 
10 000 women-years. Negative numbers indicate fewer fractures.

Table 2: Number of extra fractures expected from menopausal hormone 
therapy use

Articles

www.thelancet.com/healthy-longevity Vol 6 July 2025 7

http://www.thelancet.com/healthy-longevity


fractures appeared higher than in never-users (relative 
ratio 1⋅07 [95% CI 0⋅99–1⋅15]), but lacked statistical significance 
and was not discussed. 8

The American National Osteoporosis Risk Assessment 
programme followed-up 140 584 women for 10 years, of 
whom 269 had incident hip fractures. Within 5 years of 
menopausal hormone therapy discontinuation, they 
reported an elevated fracture risk compared with never-use, 
but only similar risks for the second 5-year period. 10 These 
results are similar to our relative risk findings, but their 
numbers of fracture events in short-term and long-term 
exposure categories were too low to compare with our 
findings.
Furthermore, in line with our findings, Karim and 

colleagues’ study 9 investigated bone mineral density and 
hip fractures in encoded medical records (N=80 955, 12 468 
menopausal hormone therapy discontinuations during the 
6⋅5-year study period), reporting decreasing bone mineral 
density and a 55% increased risk of fracture compared with 
current users 2 years after discontinuation. However, 
Karim and colleagues’ study did not distinguish between 
different menopausal hormone therapy exposures. Other 
smaller post-cessation fracture studies, such as the E3N 
cohort 20 and Danish Nurse 21 cohort studies, have lacked the 
requisite power or continuity of available data to deliver 
longer-term or robust detailed findings.
Similar (size and power) and other (cost and complexity) 

issues arise in studies of bone loss associated with meno-
pausal therapy use, with or without an associated fracture 
analysis. The cost and complexity of biological data collec-
tion methods limit both the number of participants and 
frequency of measurements. Saarelainen and colleagues’ 22 

bone loss and wrist fracture study noted remaining 
uncertainty about bone loss after menopausal hormone 
therapy withdrawal and the need for long-term studies of 
bone mineral density changes following discontinuation of 
treatments. Such studies have often been limited by one or

more of: data imbalance towards current menopausal 
hormone therapy usage; categorisation at the data collec-
tion stage leading to loss of information and uncertainty 
around follow-up periods; and participant selection issues 
or low numbers or high drop-out rates, leading to biases. 22–24 

Long-term bone health studies are complex to initiate and 
difficult to manage over time, and unlikely to be attempted 
in the absence of any clear rationale. The investigation of 
bone health after menopausal hormone therapy discon-
tinuation would be useful to seek better understanding of 
observed fracture risk outcomes.
Our prospectively recorded general practice and hospital 

data facilitated identification of most fractures and was an 
important source of information for confounder adjust-
ment and included all treatments commonly prescribed to 
UK NHS patients. The samples were representative of the 
general UK female population (for both menopausal and 
postmenopausal women), 12 and the study power delivered 
robust fracture risk estimates of specific treatment types 
and regimens for up to 25 years after discontinuation of 
menopausal hormone therapy.
In the UK, referral for a bone mineral density scan 

requires previous fracture-related clinical evidence or a 
fracture risk assessment (Frax or QFracture). 25 Bone 
mineral density information was also not consistently 
encoded, so this population-representative study was 
necessarily based on a fracture outcome.
Reliable information for physical activity, education, and 

diet was not available, but we adjusted findings by social 
deprivation score, ethnicity, BMI, alcohol consumption, 
and smoking status. A small proportion of these proxies 
were not recorded, requiring multiple imputation. How-
ever, for ethnicity, 15% of cases and 18% of controls lacked 
encoded records so were analysed as not recorded. 
Adjusting for ethnicity changed the OR by about 1% and the 
proportions of cases and controls with ethnicity not recor-
ded were similar, suggesting that this data limitation might 
not have appreciably affected our results.
There was some uncertainty in our data regarding the 

cause of fracture, so the magnitudes of our estimates of 
fracture risk associated with menopausal hormone therapy 
are likely to be conservative. However, our analysis of 
fragility fractures, commonly connected to osteopenia, 
showed lower risks for current users and sharper risk 
increases after discontinuation of menopausal hormone 
therapy, further underlining the strength of our observa-
tions. Onset of menopause was not reliably recorded, but 
we included all available information on menopausal 
symptoms. However, some residual confounding always 
remains, despite design rigour.
The observed increases in risk to levels often higher than 

for never-users after discontinuation of menopausal hor-
mone therapy reflect a similar rebound effect when deno-
sumab (an anti-resorptive) is discontinued and increases in 
bone resorption raise concerns about fractures. 26 However, 
the subsequent persistent attenuation of age-related rising 
fracture risk among users who discontinued menopausal
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Figure 4: Incidence rate of any fracture by age in women never exposed to menopausal hormone therapy and 
exposed from the average age of 51⋅5 years
Short-term use was defined as less than 5 years. Long-term use was defined as 5 years or more.
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hormone therapy compared with never-users, is novel and 
unexpected. We have investigated other possible factors, 
such as patient characteristics, to explain these results, but 
have found no conclusive associations. We therefore sus-
pect that the results might reflect a previously unobserved 
outcome of menopausal hormone therapy use which, in 
the longer term post-discontinuation, slows progressive 
decline in bone strength.
One of the most notable findings of the study is the 

contrasting fracture risk paths which illustrates the differ-
ence between short-term and long-term menopausal hor-
mone therapy use. Although short-term use might give a 
lower level of protection overall and, post-cessation, a 
weaker long-term attenuation of rising fracture risk, stop-
ping menopausal hormone therapy at an earlier age means 
that the initial return to the norm is less severe and the 
subsequent excess risk period occurs over a lower-risk age 
period. There appears to be a trade-off between this 
smoother, less-attenuated risk path and the more change-
able longer-term use path, which includes a more extreme 
risk rise immediately after discontinuation.
Our study suggests that, even after stopping menopausal 

hormone therapy, women could benefit from notably 
reduced fracture risk in older age. This likelihood holds for 
those who might have used menopausal hormone therapy 
for shorter periods because of concerns such as breast 
cancer. The study also suggests that women at higher 
fracture risk could possibly be helped to manage the tran-
sition from discontinuation through risk rebound, to the 
end of any period of excess risk. Such women could include 
those with known fracture risk factors before starting 
menopausal hormone therapy 27 and those who have used 
the therapy (particularly combined oestrogen–progestogen 
formulations) for longer durations. Possible topics for 
clinical research could include tapered, rather than sudden, 
cessation of menopausal hormone therapy or other bone 
health treatments.
Menopausal hormone therapy is widely the treatment of 

choice for managing menopause symptoms, but existing 
guidance has been unable to indicate, after discontinuation, 
long-term fracture-risk outcomes or reliable estimates of 
relative fracture risk change by type or regimen of 
therapy. 4,28,29 Our study delivers this information and, given 
longer life expectations and fracture risk increasing with 
age, should encourage further research both to improve 
the safety and utility of menopausal hormone therapy 
treatments and counter the potential personal and social 
burdens.
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