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COMMENT & RESPONSE

Premature Menopause and Risk for Cardiovascular
Disease
To the Editor Venous thromboembolism (VTE) is a global health
concern because of its significant morbidity and mortality. To
our knowledge, few studies have investigated the associa-
tions of reproductive life characteristics with VTE risk in
women.1 Analysis of UK Biobank data by Dr Honigberg and
colleagues2 highlights the role of premature natural or surgi-
cal menopause in increasing both atherosclerotic and nonath-
erosclerotic cardiovascular risk, including VTE risk.

The analysis failed to show the well-established in-
creased VTE risk in relation to menopausal hormone therapy
(eTable 13 in Supplement 2 in the article2). Menopausal

hormone use was ascertained only at the baseline study visit
and was not updated during follow-up. Because previous stud-
ies have found that the increase in VTE risk is restricted to cur-
rent users at the time of a clinical event,3 incomplete capture
of exposed cases may have occurred in this study, resulting in
underestimating VTE risk. Also, it is unclear whether only the
first VTE event was considered as a clinical outcome. Inclu-
sion of recurrent VTE could have also introduced a bias in es-
timating VTE risk. Details of the definition and validation cri-
teria of VTE events would be of great interest.

Premature menopause appears to be a new VTE risk fac-
tor, which could improve risk stratification and disease preven-
tion among postmenopausal women. Women with premature
menopause often consider menopausal hormone therapy. Such
women should avoid oral estrogen. The most recent clinical
guides recommend transdermal estrogen combined with pro-
gesterone for women who need menopausal hormone therapy
and are at high VTE risk.4
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To the Editor The cohort study by Dr Honigberg and colleagues1

found that natural and surgical premature menopause were
associated with increased risks of cardiovascular diseases
among postmenopausal women. Some important issues were
not addressed.

First, a limitation of this study is that cancer history was not
incorporated into the adjusted models. Cancer is tightly linked
with cardiovascular diseases.2 In the fully adjusted models in
Table 3 and eTable 5 of Supplement 2 in the article,1 in the sur-
gical premature menopause group, 5 cardiovascular outcomes
hadsignificantPvalueswhenpatientswithcancerwereretained,
while only 2 cardiovascular outcomes were significant when all
patients with cancer were removed. Thus, the variable of can-
cer history should be included in the fully adjusted models.

Second, other factors, such as chronic kidney disease, hys-
terectomy, and alcohol consumption, are closely correlated
with cardiovascular diseases.3,4 Because these covariates were
unbalanced in the 3 groups, we suggest the authors adjust for
these covariates in their multivariable models.
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Third, Honigberg and colleagues1 stated that the inci-
dence of “type 2 diabetes was greatest among women with his-
tory of surgical premature menopause and lowest among
women without premature menopause.” However, we do not
fully agree with this statement. In Figure 3C in the article, when
the age of patients was younger than 50 years, the cumula-
tive incidence curve for type 2 diabetes in the surgical prema-
ture menopause group was below the curves of the other 2
groups, meaning that the group with the lowest incidence of
type 2 diabetes was the surgical premature menopause group
rather than the group without premature menopause.

Fourth, Honigberg and colleagues1 developed fully ad-
justed models for the risks of premature menopause associ-
ated with cardiovascular diseases, but the performance of the
models and the internal and external validity of the models
were not reported. Thus, the reliability and veracity of the mod-
els are unknown.5

Xianshi Zhou, MD
Guanghua Tang, PhD

Author Affiliations: Emergency Department, Guangdong Provincial Hospital of
Chinese Medicine, Guangzhou, China.

Corresponding Author: Xianshi Zhou, MD, Emergency Department,
Guangdong Provincial Hospital of Chinese Medicine, 111 Dade Rd, Yuexiu
District, Guangzhou, 510120 China (drxianshizhou@163.com).

Conflict of Interest Disclosures: Drs Zhou and Tang reported receiving grants
from Guangdong Provincial Key Laboratory of Research on Emergency in TCM.

1. Honigberg MC, Zekavat SM, Aragam K, et al. Association of premature natural
and surgical menopause with incident cardiovascular disease. JAMA. 2019;322
(24):2411-2421. doi:10.1001/jama.2019.19191

2. Koene RJ, Prizment AE, Blaes A, Konety SH. Shared risk factors in
cardiovascular disease and cancer. Circulation. 2016;133(11):1104-1114. doi:10.
1161/CIRCULATIONAHA.115.020406

3. Di Angelantonio E, Chowdhury R, Sarwar N, Aspelund T, Danesh J, Gudnason
V. Chronic kidney disease and risk of major cardiovascular disease and
non-vascular mortality: prospective population based cohort study. BMJ. 2010;
341:c4986. doi:10.1136/bmj.c4986

4. Ingelsson E, Lundholm C, Johansson AL, Altman D. Hysterectomy and risk of
cardiovascular disease: a population-based cohort study. Eur Heart J. 2011;32
(6):745-750. doi:10.1093/eurheartj/ehq477

5. Steyerberg EW, Vergouwe Y. Towards better clinical prediction models:
seven steps for development and an ABCD for validation. Eur Heart J. 2014;35
(29):1925-1931. doi:10.1093/eurheartj/ehu207

In Reply Dr Scarabin highlights our finding that menopausal
hormone therapy use at study enrollment was not associated
with incident VTE.1 At enrollment, women in the UK Biobank
reported whether they had ever used menopausal hormone
therapy, the age at which they started and (if applicable)
stopped using therapy, and whether they were currently
using hormones. In our postmenopausal cohort, it is unlikely
that women who were never users of menopausal hormone
therapy at enrollment subsequently started using it after the
study began—particularly in the era following publication of
the Women’s Health Initiative results.2 Women with any
prevalent cardiovascular disease diagnoses at baseline,
including VTE, were excluded from the analysis, and a sec-
ondary analysis evaluated development of a first VTE event.

Lack of new menopausal hormone use after enrollment and
exclusion of women with prevalent VTE may explain the lack

of association between hormone use and VTE because women
who experienced prevalent hormone-related VTE would have
been excluded. Incident VTE was defined according to the ap-
pearance of a qualifying International Classification of Diseases
code in the patient’s medical record, which we recently vali-
dated with human genetic analyses.3 Of note, the magnitude
of association we observed for premature menopause with in-
cident VTE was the same as that observed for non–procedure–
associated VTE in an analysis from the Women’s Health Ini-
tiative, which also adjusted for menopausal hormone therapy
use.4 Nearly identical associations were observed in models
that did and did not incorporate ever use of menopausal hor-
mone therapy (eTable 12 in the Supplement).1 We agree that
our findings strengthen evidence that premature menopause
represents a risk factor for VTE.

Drs Zhou and Tang note that cancer and nontraditional car-
diovascular risk factors may be correlated with both prema-
ture menopause and cardiovascular disease risk, and we re-
fer to the sensitivity analyses in the article to address these
issues. In eTable 5 in the Supplement,1 we provided analyses
in which women with prevalent cancer were excluded, and ef-
fect estimates remained similar for the primary analyses. In
addition, eTable 7 in the Supplement1 provided models with
and without inclusion of women who underwent hysterec-
tomy; our primary findings were again robust in these analy-
ses.

Furthermore, at Zhou and Tang’s request, we now pro-
vide results of the analyses incorporating chronic kidney dis-
ease, alcohol intake, prevalent cancer, and hysterectomy, in
addition to covariates previously used in the primary analy-
sis (Table). The results again are similar to the adjusted mod-
els presented in the article. In Figure 3C in the article, the y-
axis is cumulative incidence and shows that the cumulative
incidence of type 2 diabetes over the follow-up period was nu-
merically greatest among women with premature surgical
menopause. This association was confirmed in models in
eTables 15 and 16 in the Supplement.1

Significant differences in diabetes risk were present among
the older age strata but not the younger age strata, which may
reflect lower absolute diabetes risk and risk differences at
younger ages; future research is necessary to understand these
differences. Findings were robust to multivariable adjust-
ment and numerous sensitivity analyses, underscoring their
internal validity. We replicated established associations pre-
viously reported in smaller limited data sets, indicating exter-
nal validity. Similarly, large data sets are needed for replica-
tion of novel disease associations.
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Health Outcomes With Vitamin D Supplementation
To the Editor In an Editorial, Drs Lucas and Wolf1 stated that ran-
domized clinical trials (RCTs) of vitamin D and health out-
comes have failed to confirm observational study findings.
However, that is not the case for several health outcomes. Sec-
ondary analyses of the Vitamin D and Omega-3 Trial (VITAL)
revealed significant reductions in overall cancer incidence with
supplementation with 2000 IU/d of vitamin D3 in partici-
pants with a body mass index (BMI) of less than 25 and in black
individuals and reduced overall cancer mortality when the first
1 or 2 years of data were omitted.2 Secondary analyses of the
Vitamin D and Type 2 Diabetes (D2d) trial showed significant
reductions in progression from prediabetes to type 2 diabetes
with 4000 IU/d of vitamin D3 supplementation in partici-
pants with a BMI less than 30, in those not taking calcium
supplements, in males, in those older than 60.9 years, and in
non-Hispanic individuals.3 Most such findings can be ex-
plained by vitamin D axis effects. For example, those with
higher BMI have smaller increases in serum 25-hydroxyvita-
min D (25[OH]D) concentration with supplementation than in-
dividuals with comparable supplementation and lower BMI.

The primary problem with many RCTs is their reliance on
vitamin D dosage rather than on improvement in inadequate
vitamin D status (from baseline to achieved serum 25[OH]D
concentrations).4 An example of the usefulness of basing RCTs
on 25(OH)D concentrations comes from an article on vitamin
D supplementation and breast cancer incidence. Data from 3
studies were pooled; 2 RCTs provided vitamin D and calcium
to the treatment group and the third study was an observa-
tional follow-up cohort of volunteers taking variable vitamin
D supplemental doses.5 All 3 studies measured 25(OH)D con-
centrations 6 months to 2 years before follow-up ended. Four-
year Kaplan-Meier plots for the pooled data showed increas-
ing breast cancer–free rates with increasing achieved 25
(OH)D concentrations from less than 20 ng/mL to greater than
60 ng/mL, with a risk reduction for breast cancer between the
highest and lowest groups of 82%. Similarly, the risk reduc-
tion was 80% in the RCTs with achieved supplementation val-
ues of greater than 60 ng/mL vs less than 20 ng/mL (hazard
ratio, 0.20 [95% CI, 0.05-0.82]; P = .04 for trend). Thus, the
use of study designs that allow assessment of outcomes against
the changes in vitamin D status achieved may improve the
chances of being able to detect any genuine health benefits of
correcting vitamin D deficiency.

William B. Grant, PhD
Barbara J. Boucher, MD

Author Affiliations: Sunlight, Nutrition, and Health Research Center,
San Francisco, California (Grant); Blizard Institute, Barts and the London School
of Medicine and Dentistry, London, England (Boucher).

Corresponding Author: William B. Grant, PhD, Sunlight, Nutrition, and Health
Research Center, PO Box 641603, San Francisco, CA 94164 (wbgrant@
infionline.net).

Conflict of Interest Disclosures: Dr Grant reported receiving funding from
Bio-Tech Pharmacal Inc and supporting GrassrootsHealth.net. Dr Boucher
reported receiving a donation from the Supreme Master Ching Hai International
Association, Los Angeles Chapter, and travel expense reimbursement from
conference organizers for presenting at vitamin D conferences in Germany.

1. Lucas A, Wolf M. Vitamin D and health outcomes: then came the randomized
clinical trials. JAMA. 2019;322(19):1866-1868. doi:10.1001/jama.2019.17302

Table. Hazard Ratios for Incident Cardiovascular Disease Diagnoses in Expanded Multivariable Modelsa

Diagnosis

Surgical premature menopause Natural premature menopause

Hazard ratio (95% CI) P valueb Hazard ratio (95% CI) P valueb

First cardiovascular disease diagnosisc 1.74 (1.25-2.42) <.001 1.30 (1.13-1.51) <.001

Coronary artery disease 2.34 (1.35-4.06) .002 1.34 (1.01-1.78) .04

Heart failure 2.65 (1.22-5.79) .01 1.24 (0.81-1.89) .32

Aortic stenosis 4.20 (1.26-13.95) .02 2.72 (1.61-4.60) <.001

Mitral regurgitation 4.10 (1.60-10.53) .003 0.72 (0.33-1.56) .40

Atrial fibrillation 1.52 (0.85-2.72) .15 1.22 (0.96-1.55) .11

Ischemic stroke 0.50 (0.07-3.61) .49 1.62 (1.07-2.47) .02

Peripheral artery disease 1.26 (0.30-5.26) .75 1.30 (0.75-2.25) .35

Venous thromboembolism 2.28 (1.19-4.36) .01 1.56 (1.14-2.13) .005
a Models are adjusted for age, race/ethnicity, prevalent type 2 diabetes, ever

having smoked, systolic blood pressure, use of antihypertensive medication,
non–high-density lipoprotein cholesterol, use of cholesterol-lowering
medication, body mass index, C-reactive protein, history of menopausal
hormone therapy use, chronic kidney disease, frequency of alcohol intake,
history of cancer, and history of hysterectomy.

b Derived from Cox proportional hazards models.
c Composed of coronary artery disease, heart failure, aortic stenosis, mitral

regurgitation, atrial fibrillation, ischemic stroke, peripheral artery disease, and
venous thromboembolism.
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