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Abstract

Background—It is unknown whether supplementation with calcium and vitamin D has an 

impact on menopause-related symptoms.

Methods—As part of the Women’s Health Initiative Calcium/Vitamin D Supplementation Trial 

(CaD), women were randomized at 40 clinical sites to elemental calcium carbonate 1,000 mg with 

vitamin D 400 IU daily or placebo. At the CaD baseline visit (year 1 or year 2) and during a mean 

follow-up of 5.7 years, participants provided data on menopause-related symptoms via 

questionnaires. Generalized linear mixed effects techniques were used to address research 

questions.

Results—After excluding participants with missing data (N=2,125), we compared menopause-

related symptoms at follow-up visits of 11,584 women randomized to CaD with those of 11,436 

women given the placebo. Women in the CaD arm did not have a different number of symptoms 

at follow-up compared to women taking the placebo (p=0.702). Similarly, there was no difference 

between sleep disturbance, emotional well-being, or energy/fatigue at follow-up in those who 

were randomized to CaD supplementation compared to those taking the placebo.

Conclusions—Our data suggest that supplementation with 1000 mg of calcium plus 400 IU of 

vitamin D does not influence menopause-related symptoms over an average of 5.7 years of follow-

up among postmenopausal women with an average age of 64 at the WHI baseline visit.
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1.0 INTRODUCTION

Most women transitioning through menopause will experience symptoms including hot 

flashes, [1–3] mood disturbances, and muscle aches.[4, 5] In many women, these symptoms 

are severe enough to adversely affect their quality of life, work performance, and personal 

relationships.[6, 7] Current treatments for menopause-related symptoms, such as 

menopausal hormone therapy, antidepressants, and anticonvulsants, may have significant 

side effects and serious long-term adverse consequences.[8] In addition, after treatment is 

discontinued, these symptoms may recur or even develop de novo.[9–11] It is therefore 

important to investigate possible determinants of menopause-related symptoms so that new 

therapies can be developed.
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There are several mechanisms whereby vitamin D could potentially improve menopausal 

symptoms. A menopausal decline in serotonin, a neurotransmittor with known effects on 

thermoregulation, could contribute to hot flashes.[12–14] In animal models, vitamin D 

prevents this serotonin decline.[15] Alternatively, estrogen increases the activity of the 

enzyme responsible for activating vitamin D.[16] The fall in estrogen that occurs during the 

menopausal transition could uncover previously subclinical vitamin D deficiency.[17–21] 

Vitamin D supplementation can improve mood and muscle aches in nonmenopausal 

populations, [22, 23] but its effects on a menopausal population have not been well studied.

Conversely, calcium may stimulate the production of a vasodilator neuropeptide, calcitonin 

gene-related peptide (CGRP), which has been positively linked to occurrence of menopausal 

hot flashes.[24–28] Indeed, taking calcium supplements has been linked to a higher 

likelihood of having hot flashes in breast cancer survivors.[29]

We examined the effect of 1,000 mg of elemental calcium carbonate plus 400 IU of vitamin 

D3 (CaD) on menopause-related symptoms in women who participated in the Women’s 

Health Initiative randomized, placebo-controlled Calcium/Vitamin D Supplementation Trial 

(CaD). We hypothesized that the potential favorable effects of vitamin D on menopause-

related symptoms would outweigh the potential negative effects of calcium. Therefore, we 

believed that women given calcium and vitamin D would experience fewer menopausal 

symptoms during follow-up than women given the placebo.

2.0 MATERIALS AND METHODS

2.1 Study population and intervention

The Women’s Health Initative (WHI) Randomized Clinical Trial (CT) enrolled 

postmenopausal women aged 50 to 79 years at baseline into a hormone therapy (HT) [30] 

and/or dietary modification [31] (DM) trial (N=68,132). Between years 1 and 3, participants 

in both trials were also asked to join a randomized clinical trial investigating calcium plus 

vitamin D (CaD) compared with placebo (N36,282 women).[32] Women were randomized 

at 40 clinical sites to calcium carbonate 1000 mg plus vitamin D 400 IU daily, given as one 

tablet in two divided doses to be taken two times per day with meals, versus an identical-

appearing placebo. Concurrent calcium supplementation was permitted, as was vitamin D 

supplementation up to 600 IU daily (increased to 1000 IU daily from 1999 through the end 

of the trial). Details of the study design [33] and baseline characteristics [32] have been 

presented previously. The primary outcome for the CaD trial was hip fracture. Secondary 

outcomes included total fractures and colorectal cancer. Included in our final analytic cohort 

were 34,157 women for whom we had data on menopause-related symptoms at some time 

point, with 17,101 in the intervention and 17,056 in the control arm. All participating 

women provided written informed consent.

2.2 Data Collection

2.2.1 Demographic and health characteristics—Participants self-reported data on 

demographics (i.e., age, race, education, years since menopause), lifestyle factors (i.e., 

physical activity, smoking), and UV exposure (i.e., Langley’s measure of UV exposure). 

They underwent physical measurements (i.e., height and weight to calculate BMI).[32] A 
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standardized, in-person, interviewer-administered form was used to collect information on 

the dose, frequency, and duration of current supplements (i.e., calcium, vitamin D) and 

medication use [i.e., menopausal hormone therapy (HT)]. Dietary vitamin D and calcium 

intakes during the previous 3 months were estimated from a self-administered food-

frequency questionnaire (FFQ) specifically designed for WHI.[32, 34, 34]

2.2.2. Menopausal symptoms—Participants provided data on menopause-related 

symptoms via self-report questionnaires at the CaD baseline visit (year 1 to year 2 of overall 

trial) and during follow-up. Questionnaires included a checklist of menopause-related 

symptoms based on the Postmenopausal Estrogen/Progestin Interventions (PEPI) symptom 

tool [35] and other national surveys and clinical trials.[36, 37] The psychosocial forms 

containing these symptom items were reviewed for content validity by nationally recognized 

behavioral and clinical experts and were pretested extensively on age-appropriate women 

from diverse racial/ethnic groups.[10] For this analysis, the following symptoms were 

analyzed: hot flashes, night sweats, dizziness, heart racing or skipping beats, tremors, feeling 

restless or fidgety, feeling tired, difficulty concentrating, forgetfulness, mood swings, 

vaginal dryness, breast tenderness, headaches or migraines, waking up several times at 

night, waking earlier than planned, trouble falling back to sleep after waking earlier than 

planned, overall typical sleep pattern and quality, and loss of energy. Previous research 

indicates that these are the typical symptoms associated with menopause.

For most of the symptoms, participants rated symptom severity on a 4-point scale: symptom 

did not occur, mild (did not interfere with usual activities), moderate (interfered somewhat 

with usual activities), or severe (so bothersome that usual activities could not be performed). 

For sleep symptoms, [38] participants rated how often they had occurred in the previous 4 

weeks (from none to five or more times per week).

Our primary outcome was total number of symptoms of any severity (from mild to severe). 

Secondary outcomes included the energy/fatigue and emotional well-being subscales of the 

Short Form 36 Health Survey (SF-36). For each of these subscales, higher scores indicated 

better health (range from 0–100).[39] We also examined a sleep disturbance construct, the 

Women’s Health Initiative Insomnia Rating Scale, [40] created from five questions on 

trouble falling asleep, waking up several times at night, waking earlier than planned, trouble 

falling back to sleep after waking earlier than planned, and overall typical sleep. The 

summary score ranged from 0 to 20, with a higher score indicating greater sleep disturbance. 

Finally, we examined the effect of CaD vs. placebo over time on each symptom.

2.3 Retention, Adherence, and Follow-up

We defined adherence as use of 80% or more of the study medication and assessed it by 

weighing returned pill bottles at annual visits. In year 1, the proportion of women in the CaD 

trial taking 80% or more of the study medication was 60% overall. That remained stable 

through year 7, ranging between 56% and 63%, with small differences between treatment 

groups, [41] At the end of the study, 76% of participants were still taking study medications 

and 59% were taking 80% or more of their daily pills.[42] The CaD trial ended as planned in 

March 2005. Over the course of the study, approximately 3% of participants withdrew or 
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were lost to follow-up, and 4% died.[42] Women who withdrew, were lost to follow-up, or 

died before the end of the trial were included in the analyses if they had reported 

menopause-related symptoms at least once during the CaD trial.

2.4 Statistical Methods

This is a secondary analysis of the CaD clinical trial. We evaluated changes in menopause-

related symptoms during an average of 5.7 years of follow-up in those randomized to CaD 

compared to placebo.

The primary outcome is the total number of symptoms (of any severity) at a given time 

point. Secondary outcomes include the energy/fatigue and emotional well-being subscales of 

the SF-36 [39] and a sleep disturbance construct. To estimate the effect of CaD 

supplementation on outcomes, we employed generalized linear mixed effects techniques. 

More specifically, for the primary continuous outcome of number of symptoms, a linear 

mixed effects model with a subject-specific random effect that assumes Gaussian errors was 

fit. The model included year — represented by indicator terms to allow for potential non-

linearity between symptoms and time — and interaction terms between the indicators for 

year and randomized arm, which represent the parameters of interest: the difference in 

symptom trajectory between arms. Inclusion of the subject-specific random effect accounts 

for the correlation of outcomes within a subject over time. Similar methods were used when 

examining the secondary continuous outcomes.

To determine whether randomization to the CaD supplementation arm had a significant 

effect on individual symptoms of any severity (i.e., mild, moderate, or severe presence), we 

utilized these same approaches, regressing the binary outcome on treatment assignment in a 

model that utilized a logit link and assumed binomial errors. As in the primary model, a 

subject-specific random intercept was included to account for the correlation of outcomes. 

As in the primary analysis, to assess differences in trajectory over time by CaD trial arm on 

specific symptoms, we explored the interaction between trial arm and year.

We also examined whether hormone therapy was an effect modifier by assessing the 

interaction between trial arm, year, and hormone use.

We performed two sensitivity analyses, one that evaluates differences in overall symptom 

trajectory by treatment arm among those who were adherent, and another where a linear 

relationship between time and symptoms is assumed.

As multiple secondary hypotheses were examined, we controlled the false-discovery rate to 

be no more than 5% using the Benjamini-Hochberg method.[43] In all, hypotheses for 22 

secondary outcomes were tested (three continuous and 19 binary). We used the same 

approach for the 22 tests in both the sensitivity analysis considering effect modification by 

hormone use and in the analysis treating time as linear.

Analyses were performed using SAS v9.3 (data cleaning and descriptive analyses), Stata 

13.1 (modeling), and R 3.0.3 (graphs and multiple correction of p-values).
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3.0 RESULTS

3.1 Descriptive Analyses and Baseline Characteristics

Participants were, on average, 63.7 ± 6.5 (SD) years old at WHI baseline. Characteristics 

that could be related to menopausal symptom prevalence and/or vitamin D status did not 

differ for women in both arms at WHI baseline.(Table 1). Data on menopause-related 

symptoms were collected over an average of 5.7 ± 3.2 years after the baseline CaD visit 

(year 1 of overall clinical trial).

3.2 Primary Analyses

Women in the CaD arm had a similar number of symptoms to those in the placebo group (p 

= 0.702; Figure 2a). Over the course of follow-up, the mean total number of symptoms for 

women in the placebo arm was 6.32, and the mean for women in the intervention arm was 

6.26. Despite a slight increase around year 6, the estimated mean difference between the two 

arms remained relatively stable over time. Compared to those in the placebo arm, women in 

the intervention arm had 0.06 fewer (95% CI for intervention – placebo: −0.29, 0.17) 

symptoms at year 3, 0.15 fewer (−0.38, 0.08) at year 6, 0.03 more (−0.10, 0.15) at year 9, 

and 0.02 fewer (−0.26, 0.21) at year 11; these differences were not statistically significant 

(Table 2). Results were unchanged when we excluded those who were not adherent (data not 

shown).

3.3 Secondary and Sensitivity Analyses

Women randomized to CaD supplementation did not have a significantly different level of 

sleep disturbance (adjusted p = 0.909), emotional well-being (adjusted p = 0.909), or energy/

fatigue (adjusted p = 0.909) during follow up compared to those given placebo (Figures 2b–

d). Furthermore, there was no evidence that hormone therapy was an effect modifier.

We also examined whether randomization to the placebo arm was associated with a higher 

likelihood of suffering from individual symptoms during follow-up. We did not find this to 

be the case for any individual symptom in the placebo group compared to the CaD group at 

follow-up visits (Table 3). There was also no evidence that hormone therapy was an effect 

modifier of the association between CaD arm and individual symptoms after adjustment for 

multiple testing.

Finally, treating year as linear instead of allowing it to be nonlinear did not change our 

findings (Tables S1 and S2).

4.0 DISCUSSION

Among postmenopausal women with a mean age of 64 at WHI baseline, we did not find that 

supplementation with 1000 mg of calcium plus 400 IU of vitamin D significantly influenced 

menopause-related symptoms over 5.7 years of follow-up. Our results do not suggest that 

menopausal women should take calcium plus vitamin D at these doses to improve 

vasomotor, mood, or sleep complaints.
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We had hypothesized that vitamin D would improve postmenopausal women’s well-being. 

There are several reasons why we might not have found an effect. First, vitamin D and 

calcium may not, in fact, play any role in the development or amelioration of menopause-

related symptoms. Alternatively, vitamin D could have a favorable effect but calcium could 

have a negative effect, thus canceling out vitamin D’s beneficial effects. Calcium intake has 

been associated with worsening hot flashes.[29] Indeed, there was a suggestion of a higher 

likelihood of hot flashes or night sweats during follow-up in the CaD group, although the p-

value was not significant, especially after controlling for multiple comparisons.

The dosage of vitamin D used in the trial may not have been sufficient to influence 

symptoms. The results of an unrelated dose-response study [44] suggest that 400 IU of 

vitamin D3 would likely have raised mean serum 25(OH)D levels by about 4 ng/ml, which 

may not be enough to see a clinical difference in menopause-related symptoms, especially in 

women who were vitamin D deficient. Also, participants were allowed off-protocol 

supplementation: up to 600 IU daily vitamin D initially and up to 1000 IU daily from 1999 

on. There is, however, indirect evidence that CaD arm participants had higher overall CaD 

intake than those assigned to placebo: when analyzing the trial’s primary outcomes, women 

assigned to the CaD arm had significantly higher hip bone density, and women compliant 

with study pills had a significant reduction in hip fracture risk.[42] When we limited our 

analysis to participants who were compliant, our results were unchanged. We also did not 

measure the vitamin D sufficiency status of the population; because personal intake of both 

calcium and vitamin D intake was somewhat high, many of the women may have had 

sufficient vitamin D status. Examining a vitamin D-deficient group of women might have 

been able to demonstrate an effect.

There are several limitations to this study. Women were 64 years old on average at baseline, 

and hot flashes are most prevalent in women in their early 50s.[45] Also, women with severe 

menopausal symptoms that disrupted their lives were discouraged from participating in the 

trial. In our analysis, only 33% of women had hot flashes or night sweats of any severity at 

baseline, and the majority of them still had hot flashes at the end of the study. Also, 

consistent with our a priori analysis plan, we examined whether women had menopausal 

symptoms, regardless of symptom severity. We were therefore unable to determine if 

calcium and vitamin D influenced symptom severity such as daily number of hot flashes. In 

addition, we were not able to examine symptom change over short periods of time; hot 

flashes often resolve within just a few years.[46] In our study, the overall number of 

menopause-related symptoms actually increased slightly over the 10-year period due to 

increases in non-vasomotor symptoms such as decreased energy level and concentration. 

Therefore, an overall measure of symptom number, as was pre-specified in our a priori 

analysis plan, may have obscured the effects of vitamin D in certain subgroups of women.

In summary, we did not find evidence that over an average of 5.7 years calcium and vitamin 

D supplementation influence menopause-related symptoms including vasomotor, mood, or 

sleep complaints. There is no evidence from this study to suggest that calcium and vitamin 

D supplementation leads to improved well-being among postmenopausal women with an 

average age of 64.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Postmenopausal women randomized to daily calcium carbonate 1,000 mg with 

vitamin D 400 IU did not have a different number of menopause-related 

symptoms over an average of 5.7 years compared to women given placebo.

• Similarly, there was no difference between sleep disturbance, emotional well-

being, or energy/fatigue at follow-up in those who were randomized to calcium 

and vitamin D supplementation compared to those taking the placebo.

• There is no evidence from this study to suggest that calcium and vitamin D 

supplementation leads to improved well-being among postmenopausal women 

with an average age of 64.
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Figure 1. 
Flow chart displaying the number of women in eligible and analytic cohorts
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Figure 2. 
Estimates of a) total number of symptoms, b) sleep disturbance construct, c) emotional 

wellness, and d) energy/fatigue for CaD and placebo arm at each time point. Higher scores 

in b) and c) indicate better health, while higher scores in d) indicate greater sleep 

disturbance. Points represent the mean at each time point for the control and intervention 

CaD trial arms. Linear regression estimates were generated treating year as linear and with 

an interaction between trial arm and year.
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Table 1

Selected demographic and health characteristics of women by CaD arm of eligible cohort (N=34,157) at WHI 

baseline

Intervention
N=17,101

Control
N=17,056

P-value

Age

 50–59 6383 (37.3) 6360 (37.3)

0.98

 60–60 7832 (45.8) 7803 (45.7)

 70+ 2886 (16.9) 2893 (17.0)

Time since menopause

 <5 3710 (21.7) 3727 (21.9)

0.86

 5 – <10 3108 (18.2) 3064 (18.0)

 ≥10 10283 (60.1) 10265 (60.2)

Race/ethnicity, N (%) Missing N=60

 White 14339 (84.0) 14411 (84.6)

0.29

 Hispanic/Latino 657 (3.9) 600 (3.5)

 Black or African American 1489 (8.7) 1434 (8.4)

 Other 586 (3.4) 581 (3.4)

Education, N (%) Missing N=211

 0–8 years 220 (1.3) 197 (1.2)

0.63

 Some high school 626 (3.7) 602 (3.6)

 High school 3105 (18.3) 3171 (18.7)

 School after high school 6774 (39.9) 6725 (39.7)

 College degree or higher 6269 (36.9) 6257 (36.9)

Body mass index, kg/m2, N (%) Missing N=169

 <25 4494 (26.4) 4615 (27.2)

0.10

 25 – <30 6119 (35.9) 6141 (36.2)

 ≥30 6408 (37.7) 6211 (36.6)

Smoking, N (%) Missing N=340

 Never smoked 8779 (51.8) 8901 (52.7)

0.26

 Past smoker 6847 (40.4) 6709 (39.7)

 Current smoker 1309 (7.7) 1272 (7.5)

UV exposure

 Low 8809 (51.5) 8770 (51.4)

0.86 High 8292 (48.5) 8286 (48.6)

HT use

 Never used 8215 (48.1) 8053 (47.3)

0.08

 Past user 3018 (17.7) 2955 (17.3)

 Current user 5855 (34.3) 6036 (35.4)
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Intervention
N=17,101

Control
N=17,056

P-value

Dietary Modification Arm

 Not randomized to DM 5194 (30.4) 5125 (30.0)

0.45 Intervention 4508 (26.4) 4598 (27.0)

 Control 7399 (43.3) 7333 (43.0)

History of cancer Missing N=292

 No 16250 (95.9) 16268 (96.1)

0.24 Yes 695 (4.1) 652 (3.9)

Overactive thyroid Missing N=2939

 Never 15259 (97.60) 15238 (97.78)

0.14

 Past 303 (1.94) 296 (1.90)

 Current 72 (0.46) 50 (0.32)

Underactive thyroid Missing N=2418

 Never 13773 (86.63) 13784 (87.01)

0.06

 Past 741 (4.66) 784 (4.95)

 Current 1384 (8.71) 1273 (8.04)

Physical activity, total MET hours/week Missing N=3101

10.64 (12.61) 10.62 (12.36) 0.88

Dietary calcium, mg Missing N=106

822.42 (455.19) 826.13 (449.67) 0.45

Dietary vitamin D, mcg Missing N=106

4.37 (3.01) 4.39 (2.97) 0.49

Supplemental calcium, mg Missing N=1

295.51 (501.53) 294.17 (483.22) 0.80

Supplemental vitamin D, mcg Missing N=1

4.29 (5.72) 4.37 (5.74) 0.20

Days from clinical trial to CaD randomization

401.52 (102.82) 401.54 (102.67) 0.99

Total number of menopause-related symptoms (Year 1) Missing N=3568

6.06 (3.27) 6.10 (3.32) 0.27

Sleep disturbance construct (Year 1) Missing N=3568

6.39 (4.44) 6.39 (4.44) 0.93

Emotional well-being construct (Year 1) Missing N=3568

80.94 (14.05) 80.78 (14.27) 0.31

Energy/fatigue construct (Year 1) Missing N=3568

65.10 (19.34) 64.91 (19.41) 0.39
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Table 2

Comparison of menopausal symptoms in participants assigned to placebo vs. those assigned to calcium and 

Vitamin D

Symptoms P-value comparing CaD trial arms Adjusted p-value*

Symptom total 0.702 --

Sleep disturbance 0.120 0.909

Emotional well-being 0.813 0.909

Energy/fatigue 0.764 0.909

Results from linear regression treating time as non-linear. Models included CaD arm, year, and interaction between arm and year

*
P-values adjusted after controlling the false-discovery rate to be no more than 5%.
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Table 3

P-values comparing individual menopausal symptoms in participants assigned to placebo compared to those 

assigned to Calcium and Vitamin D at a selected year (Year 8)

Symptoms P-value comparing CaD trial arms Adjusted p-value*

Hot flashes or night sweats 0.787 0.909

Hot flashes 0.491 0.909

Night sweats 0.892 0.909

Dizziness 0.544 0.909

Heart racing 0.594 0.909

Tremors 0.656 0.909

Restless 0.171 0.909

Feeling tired 0.102 0.909

Difficulty concentrating 0.623 0.909

Forgetfulness 0.364 0.909

Mood swings 0.569 0.909

Vaginal dryness 0.909 0.909

Breast tenderness 0.909 0.909

Headache 0.703 0.909

Wake at night 0.243 0.909

Trouble sleeping 0.424 0.909

Trouble going back to sleep 0.567 0.909

Quality of sleep 0.289 0.909

Restless sleep 0.241 0.909

Results from logistic regression treating time as non-linear. Models included CaD arm, year, and interaction between arm and year.

*
P-values adjusted after controlling the false-discovery rate to be no more than 5%.
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