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Abstract

Objective: Menopause represents a period in which bone deterioration is accelerated; thus, primary prevention

strategies to address age-related bone loss are crucial. Dairy products contain more than a dozen essential nutrients,

including calcium, phosphorus, vitaminD, and high-quality protein, as well as bioactive compounds that may promote

bone mineralization. However, the relationship between dairy consumption and bone health across the menopause

transition remains largely unknown. The purpose of this analysis was to estimate the change in lumbar spine and

femoral neck bonemineral density and the risk of bone fracture by the frequency of dairy intakes amongwomen across

the menopausal transition using the publicly available data from the Study of Women’s Health Across the Nation.

Methods: We analyzed total dairy foods in four categories of<0.5, 0.5 to<1.5, 1.5 to<2.5, and�2.5 servings/d

or<1.5 and�1.5 servings/d. A general linear model was used to estimate the association of dairy intake with the 10-

year bone mineral density loss rate and a linear mixed model was used to estimate the annualized bone mineral

density loss rate of the femoral neck and lumbar spine. A Cox proportional hazard model was applied to calculate

hazard ratios and 95% confidence intervals of the nontraumatic fractures. Poisson regression was used to determine

the relative risks and 95% confidence intervals of the nontraumatic fractures. The models were controlled for race/

ethnicity, age, height, weight, smoking status, physical activity, alcohol consumption, calcium use, menopausal

status, and total caloric intake.

Results: No significant differences in bone mineral density change were observed, regardless of baseline

menopausal status. No significant differences in the risk of nontraumatic fracture were observed.

Conclusions: In this group of US women undergoing the menopausal transition, dairy food intake was neither

associated with femoral and spine bone mineral density loss nor the risk of fractures.
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O
steoporosis is a nonreversible, age-related progres-

sive degenerative skeletal disease and is associated

with increased susceptibility to bone fracture.1,2Age

and sex are the most proximal risk factors for osteoporosis;

indeed, in the United States, 30% of women older than age

50 years have osteoporosis.3,4 Thus, modifiable risk factors

for disease have become increasingly important, especially in

the context of population aging.5 There is broad scientific

consensus that high bone mineral density (BMD) at peak bone

mass is associated with a decreased risk of osteoporotic

fractures later in life.6 However, understanding strategies

beyond this to reduce loss of BMD in adulthood is especially

salient, especially during and after the menopause transi-

tion.7,8 The Study of Women’s Health Across the Nation

(SWAN) is a multicenter, multiethnic, community-based

longitudinal cohort designed to examine the health of women

during their middle years (ie, menopause transition)9 that has

advanced our understanding of the impact of the menopause

transition and midlife aging on health and well-being in

women.10 In SWAN, the use of calcium dietary supplements

was associated with less annualized loss of femoral neck

BMD (�0.0032 vs �0.0040 g/cm2/y; P< 0.001) and lumbar

spine BMD (�0.0046 vs�0.0053 g/cm2/y, P¼ 0.021) over a

decade.11 This BMD effect was largely driven by menopausal

status; women who were premenopausal at baseline were

significantly protected, but there was no association among

perimenopausal women. Unfortunately, no associations were

observed in the risk of bone fracture in any women, regardless

of menopausal status. Thus, the exploration for potential

dietary factors to mitigate the risk of bone fracture and

BMD loss across the menopausal transition continues.

Foods such as dairy products are universally preferred by

nutrition scientists over supplements as a source of calcium

because they represent complex matrices of many micro-

nutrients that all have the potential to optimize bone.12Dairy

products provide more bone-beneficial nutrients (eg, cal-

cium, magnesium, potassium, protein, vitamin D, etc.) per

unit of energy than any other food group.13,14 The 2015 to

2020 Dietary Guidelines for Americans (DGA) recommend

that adults consume three servings per day of low- or nonfat

dairy products or alternatives (eg, fortified soymilk).15How-

ever, the relevance of dairy product consumption for long-

term bone health has resurged as some observational studies

have suggested consumption to be associated with an

increased risk of fractures.16 The recently updated Canadian

FoodGuide now groupsmilk andmilk alternatives with other

proteins, instead of recommending discrete servings per

day.17 Given the absence of long-term clinical trial data on

premenopausal women, the objective of this study was to

examine dairy intake relative to bone health outcomes in the

SWAN data.

METHODS

Study sample

The SWAN cohort is composed of community based,

multiethnic women across the menopause transition. SWAN

is one of few longitudinal data sets available and has been

extensively described.9 Briefly, the SWAN bone sub-study

began baseline data collection in 1996, with 3,302 pre- or

early perimenopausal women aged between 42 and 53 years

who had an intact uterus, at least one ovary, and no hormone

usage in the last 3 months prior to screening from 5 clinical

sites in the United States (Los Angeles, California; Boston,

Massachusetts; Detroit, Michigan; Oakland, California; and

Pittsburgh, Pennsylvania). After enrollment, women were

followed annually for collection of information on demo-

graphic, clinical, and anthropometric data.

Among 2,335 women with complete data on femoral neck

and/or lumbar spine BMD at baseline, those who had osteo-

porosis (n¼ 31 from self-report18; n¼ 17 based on BMD T-

scores< 2.5 standard deviations from the referent group),1

diabetes (n¼ 113 from self-report; n¼ 37 based on fasting

glucose level �126mg/dL),19 and cancer (n¼ 47 from self-

report)20were excluded (Fig. 1). In addition, 135 women with

missing or unknown menopausal status (n¼ 19), dairy intake

(n¼ 99), physical activity (n¼ 6), or smoking status (n¼ 11)

at baseline were also excluded. Therefore, the sample size for

the annualized rate of BMD loss and fracture analyses was

1,955. To obtain the 10-year femoral neck BMD loss rate

([BMD at Visit 10 – BMD at baseline]/(BMD at base-

line)�100), women who were missing data on femoral neck

BMD measurement at baseline (n¼ 7) and at Visit 10

(n¼ 587), and final menstrual period (n¼ 252) were excluded

from the 10-year BMD loss of femoral neck analysis, leaving

1,109 women. Similarly, 1,097 women were included in the

10-year BMD analysis for lumbar spine.

Assessment of BMD and fracture

Dual-energy x-ray absorptiometry scans were performed

on the Hologic QDR 2000 Bone Densitometer (Hologic Inc.,

Bedford, MA) for the Pittsburgh and Oakland sites and on the

QDR 4500A for the other three sites to obtain BMD on both

the femoral neck and lumbar spine at each annual visit. From

Visit 8, the two sites that had the QDR 2000 used the QDR

4500A.21 The machine change calibration correction factors

have been applied to the BMD scores. During each of 10

annual follow-up visits, the investigators used a standardized

interviewer-administered questionnaire to ask participants

about the number of fractures, the site for bone fractures,

and the causes of fractures. Fractures at Visits 1 to 6 were

completely self-reported absent of ascertainment, but frac-

tures at Visits 7 to 10 were confirmed by review of radiology

reports in medical records. Traumatic fractures and fractures

that are not typically associated with osteoporosis (eg, frac-

tures of the toe, digit, or face) were excluded from the

analyses. Fractures were considered as traumatic if they

occurred due to the following reasons: (1) a fall from a height

>6 inches; (2) a motor vehicle accident; (3) moving fast, like

running or bicycling; (4) playing sports; or (5) because

something heavy fell on or struck the participant.22 Fracture

history since age 20 years was also self-reported by the

participants at baseline.
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Dietary assessment

A modified block food frequency questionnaire (FFQ) was

administered at baseline, Visit 5, and Visit 9 to collect eating

habits and average use over the past year for 137 food items,

including milk, cheese, yogurt, and so forth.23 The individual

FFQ food subgroup variables are not publicly available, but a

derived composite variable of all dairy intake is provided. The

average number of dairy servings per day and total caloric

intake variables were used in the analyses, and any missing

FFQ data were imputed using the last observation carried

forward method.24 The number of dairy servings and total

caloric intakes were cumulatively averaged over follow-up.25

In detail, the number of dairy servings at baseline was used as

the number of dairy servings at Visit 1 to Visit 4. An average

of the number of dairy servings at baseline and Visit 5 was

used at Visit 5 to Visit 8. The average of baseline, Visit 5, and

Visit 9 was used at Visit 9 and Visit 10. Women were

classified into 4 dairy groups based on this cumulative aver-

age dairy intake25 (<0.5 serving, between 0.5 and 1.5 serv-

ings, between 1.5 and 2.5 servings, and�2.5 servings). To test

the robustness of the dairy exposure construct, sensitivity

analyses were conducted using the average of diary intakes

and total caloric intakes at baseline, Visit 5, and Visit 9 and

compared to the cumulative exposure method.

Other measurements

Self-reported race/ethnicity was categorized into Black/

African American, Chinese/Chinese American, Japanese/Jap-

anese American, Non-Hispanic White, and Hispanic. No

Hispanics were recruited in the SWAN bone sub-study.

Age was calculated by the SWAN team based on the date

of birth and the interview completion date, rounded to the next

lowest integer. Self-reported recreational physical activity in

comparison with other women of their own age at baseline

was categorized as much less, somewhat less, the same,

somewhat more, and much more. Self-reported smoking

status at baseline was categorized as never smoked, former

smoker, and current smoker. Height (in centimeters) and

weight (in kilograms) were measured at each visit using

standardized protocols; missing height and weight at baseline

were imputed using the screening data. Missing weight in the

follow-up visits was imputed using the last observation

carried forward method.

Menopausal status was based on annual questions about

bleeding patterns, current hormone use, pregnancy, breast-

feeding, hysterectomy, and oophorectomy and was catego-

rized as premenopause (bleeding in the past 3 months with the

same pattern since last year), early perimenopause (bleeding

in the past 3 months with decreased menstrual regularity in

the past year), late perimenopause (no bleeding for 3-

11 months), and postmenopause (no bleeding in the past

12 months). Final menstrual period was defined as the last

menstrual date reported at the visit prior to be classified as

postmenopausal.21 The cumulative days spent in the post-

menopause period were constructed based on final menstrual

period and the BMDmeasurement date at Visit 10. If a woman

did not transition to postmenopause until Visit 10, then 0 was

assigned to the cumulative day. Information on current use of

Total SWAN par�cipants at baseline

N=3,302

Exclusion (n=967):

· Missing both femoral neck and 

lumbar spine BMD measurement

Women with at least 1 BMD measure at baseline

N=2,335

Exclusion (n=245):

Self-report :

· Osteoporosis (n=31)

· Diabetes Mellitus (n=113)

· Cancer (n=47)

Measurement:

· Glucose ≥ 126 mg/dl (n=37)

Calculated by BMD:

· Lumbar spine osteoporosis (n=11)

· Femoral neck osteoporosis (n=6)

Excluded baseline comorbidi�es

N=2,090
Exclusion (n=135):

· Missing menopausal status (n=17)

· Unknown menopausal status (n=2)

· Missing dairy (n=99)

· Missing physical ac�vity (n=6)

· Missing smoking status (n=11)
Par�cipants in BMD and fracture analyses

N=1,955

Exclusion (n=846):

· Missing femoral neck BMD measure at baseline (n=7)

· Missing femoral neck BMD measure at Visit 10 (n=587)

· Missing final menstrual period (n=252)

Par�cipants in 

10-year femoral neck 

BMD loss analysis

N=1,109

Par�cipants in 

10-year lumbar spine 

BMD analysis

N=1,097

Exclusion (n=858):

· Missing lumbar spine BMD measure at baseline (n=18)

· Missing lumbar spine BMD measure at Visit 10 (n=583)

· Missing final menstrual period (n=245)

· Missing baseline lumbar spine scanner mode(n=12)

FIG. 1. Flowchart of the analysis sample at baseline. BMD, bone mineral density; SWAN, Study of Women’s Health Across the Nation.
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dietary supplements containing calcium and alcohol con-

sumption was obtained as part of a standardized annual

follow-up interview questionnaire except at baseline when

this information was only collected as part of FFQ. At

baseline, calcium supplement use was dichotomized into

nonuser (<300mg from the FFQ data) and user (>300mg

from the FFQ data); the 300-mg criterion was selected

because it represents what is likely achieved from a serving

of milk or a dairy product, not a multivitamin mineral

supplement that contains a typical dose of approximately

130mg of calcium. At time points other than baseline and

Visit 5, self-reported calcium supplement use was categorized

into nonuser (not taking any) and user (�1 d per week) based

on the standardized questionnaire. Visit 5 supplement use was

imputed using data from Visit 4 and/or Visit 6 (when Visit 4

data were missing). Self-reported alcohol consumption was

categorized into consumer (self-reported drink any beer,

wine, liquor, or mixed drinks from interview questionnaire

or average daily servings > 0 from FFQ data) or non-

consumer (self-reported did not drink in interview question-

naire or average daily servings¼ 0 in the FFQ data).

Statistical analysis

All statistical analyses were conducted using SAS 9.4

software (SAS Institute Inc., Cary, NC). Statistical signifi-

cance was set conservatively at P< 0.01. Differences in

participant characteristics by baseline dairy groups were

tested using the linear trend tests for continuous variables

(eg, age, height, weight, body mass index [BMI], and BMD)

and chi-square tests for categorical variables (Table 1).

A general linear model was used to estimate the association

of dairy intake with the 10-year BMD loss rate from baseline

to Visit 10 [(BMD at Visit 10 – BMD at baseline)/(BMD at

baseline)� 100]. Three models were constructed: the unad-

justed model, model 1 (adjusted for race, baseline height,

baseline age, baseline activity, baseline smoking status, base-

line weight, baseline menopausal status, baseline alcohol use,

baseline calcium use, baseline scanner mode, percentage

TABLE 1. Baseline characteristics by frequency of dairy intakes (n¼ 1,955)

Servings/da

Variable <0.5 �0.5 and <1.5 �1.5 and <2.5 �2.5 P value

n 484 803 386 282
Age (y)b 46.0 (2.7) 45.9 (2.7) 45.8 (2.6) 45.5 (2.7) 0.015
Height (cm)b 161.1 (6.7) 162.6 (6.5) 162.8 (6.4) 163.5 (6.8) <0.001
Weight (kg)b 69.7 (18.4) 72.5 (18.4) 73.4 (19.8) 73.8 (18.3) 0.005
BMI (kg/m2)b 26.7 (6.3) 27.4 (6.5) 27.7 (7.1) 27.5 (6.5) 0.102
Femoral neck BMDb 0.95 (0.1) 0.96 (0.1) 0.96 (0.1) 0.96 (0.1) 0.238
Lumbar spine BMDb 1.07 (0.1) 1.08 (0.1) 1.08 (0.1) 1.07 (0.1) 0.549
Calcium supplement 0.303

User 86 (17.8) 171 (21.3) 80 (20.7) 49 (17.4)
Nonuser 398 (82.2) 632 (78.7) 306 (79.3) 233 (82.6)

Race <0.001
African American 169 (34.9) 215 (26.8) 69 (17.9) 40 (14.2)
Chinese 101 (20.9) 72 (9.0) 35 (9.1) 8 (2.8)
Japanese 93 (19.2) 91 (11.3) 31 (8.0) 13 (4.6)
White 121 (25.0) 425 (52.9) 251 (65.0) 221 (78.4)

Menopausal status 0.009
Premenopausal 285 (58.9) 429 (53.4) 234 (60.6) 140 (49.7)
Early perimenopausal 199 (41.1) 374 (46.6) 152 (39.4) 142 (50.4)

Smoking status 0.003
Current smoker 74 (15.3) 129 (16.1) 45 (11.7) 44 (15.6)
Former smoker 94 (19.4) 208 (25.9) 117 (30.3) 83 (29.4)
Nonsmoker 316 (65.3) 466 (58.0) 224 (58.0) 155 (55.0)

Physical activityc 0.004
Much less 86 (17.8) 89 (11.1) 64 (16.6) 31 (11.0)
Somewhat less 120 (24.8) 234 (29.1) 108 (28.0) 73 (25.9)
The same 152 (31.4) 223 (27.8) 100 (25.9) 73 (25.9)
Somewhat more 102 (21.1) 207 (25.8) 86 (22.3) 87 (30.9)
Much more 24 (5.0) 50 (6.2) 28 (7.3) 18 (6.4)

Alcohol <0.001
Consumer 204 (42.2) 427 (53.2) 203 (52.6) 149 (52.8)
Non-consumer 280 (57.9) 376 (46.8) 183 (47.4) 133 (47.2)

Fracture historyd 0.034
Had a broken bone 83 (17.3) 141 (17.6) 68 (17.7) 70 (24.9)
Never had a broken bone 398 (82.7) 660 (82.4) 316 (82.3) 211 (75.1)

Data are presented as the mean (SD) for continuous variables and as n (%) for categorical variables. P values were derived from chi-square tests for
categorical variables unless otherwise noted.
BMD, bone mineral density; BMI, body mass index.
aBaseline dairy intakes was used.
bP for trend.
cAssessed in comparison with peers.
dBaseline missing data: fracture history (n¼ 8); femoral neck BMD (n¼ 7); and lumbar spine BMD (n¼ 18).
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weight change from baseline, and total caloric intake), and

model 2 (adjusted for the cumulative days spent in the

postmenopause period and all other covariates included in

model 1). Log transformation was used for total caloric intake

to address the right skewness of the distribution.

A linear mixed model for repeated measures was used to

estimate the annualized BMD loss rate of the femoral neck

and lumbar spine from baseline to Visit 10. The length of time

in years between BMD scan date and baseline scan date was

used as the time variable in the models. The interaction term

between time and dairy intake groups estimates the difference

in annualized BMD loss among the groups. The fully adjusted

models controlled for race, baseline height, baseline age,

baseline smoking status, baseline activity, time-varying

weight, time-varying menopausal status, time-varying scan-

ner mode, time-varying alcohol use, time-varying calcium

use, and time-varying total caloric intake. Participants were

stratified into premenopause and early perimenopause based

on their baseline menopausal status. The same mixed models

were applied to the stratified samples. Participants who

became pregnant, were breastfeeding, entered postmenopause

due to bilateral salpingo-oophorectomy, or had diabetes,

cancer, or overactive/underactive thyroid or were still in

pre- or early perimenopause at Visit 5 and beyond were

censored from the time of report until the end of the study.

A Cox proportional hazard model was used to calculate

hazard ratios (HRs) and 95% confidence intervals (95% CIs)

of the first nontraumatic fractures. The survival time (in days)

was defined as the fracture date or the last interview date (if no

broken bone) across all of the visits from the baseline inter-

view day. Because the exact fracture date was not recorded, it

was imputed using the midpoint between the visit that

reported fracture and the previous visit.26 We built three

models with the same covariates as the general linear models

except for excluding scanner mode and including fracture

history as a covariate in model 1 and model 2. All of the

covariates met the proportional hazards assumption that the

HR is constant over time. Due to the small numbers of

fractures, we compared the HR between the two groups

(<1.5 dairy serving per day and �1.5 dairy serving per

day)25 using the same models. In addition, a Poisson regres-

sion model with a log link function was used to determine the

relative risks and 95% CIs for the nontraumatic fractures. The

fully adjusted model used the same covariates as the ones in

the mixed model with the exceptions that scanner mode and

baseline age were excluded; and time-varying age and frac-

ture history were included. For fracture analyses, women who

became pregnant, were breastfeeding, entered postmenopause

due to bilateral salpingo oophorectomy, or had diabetes,

cancer, or overactive/underactive thyroid were censored from

the time of report until the end of the study.11

RESULTS

Baseline characteristics of SWAN participants for BMD

and fracture analyses are illustrated in Table 1. At baseline,

those who consumed higher amounts of dairy at baseline were

more likely to be taller, heavier, nonsmoker, alcohol con-

sumer, and in premenopausal status at baseline and report to

do ‘‘somewhat more’’ physical activity compared to their

peers. Non-Hispanic white individuals were more likely to

consume higher amounts of dairy compared to African Amer-

ican, Chinese, and Japanese individuals. No significant differ-

ences were observed for baseline age, BMI, femoral neck and

lumbar spine BMD, calcium supplement use, or fracture

history by dairy intake groups.

The mean of 10-year BMD loss rate of femoral neck and

lumbar spine by dairy intake frequency is shown in Table 2.

There was no significant differences across four cumulative

averaged dairy intake groups, regardless of adjustment for

potential confounding variables. Sensitivity analysis using the

simple average of dairy intakes at baseline, Visit 5, and Visit 9

produced similar results (Supplemental Table 1, http://links.

lww.com/MENO/A585). Table 3 shows the annualized BMD

loss rate of femoral neck and lumbar spine from baseline to

Visit 10. No significant differences were noted across four

dairy intake groups.

TABLE 2. Mean of 10-year percentage loss (95% confidence interval) of femoral neck and lumbar spine bone mineral density by frequency of
dairy intakes

Servings/da

<0.5 �0.5 and <1.5 �1.5 and <2.5 �2.5 P for trend

Femoral neck
n 247 471 247 144
Unadjusted �4.83 (�5.56 to �4.10) �4.26 (�4.79 to �3.73) �4.01 (�4.74 to �3.28) �3.95 (�4.91 to �2.99) 0.159
Model 1b �4.62 (�5.42 to �3.83) �4.39 (�5.04 to �3.74) �4.40 (�5.23 to �3.58) �4.26 (�5.32 to �3.19) 0.600
Model 2c �4.34 (�5.09 to �3.59) �4.16 (�4.77 to �3.54) �4.24 (�5.02 to �3.46) �4.20 (�5.21 to �3.19) 0.888

Lumbar spine
n 246 462 246 143
Unadjusted �8.37 (�9.21 to �7.53) �8.23 (�8.84 to �7.61) �8.24 (�9.08 to �7.40) �7.32 (�8.43 to �6.22) 0.140
Model 1b �8.10 (�9.03 to �7.16) �8.19 (�8.96 to �7.42) �8.34 (�9.31 to �7.37) �7.29 (�8.55 to �6.03) 0.277
Model 2c �7.71 (�8.56 to �6.85) �7.85 (�8.56 to �7.15) �8.05 (�8.95 to �7.16) �7.31 (�8.46 to �6.16) 0.572

aCumulatively averaged dairy intake was used.
bAdjusted for race, baseline height, baseline age, baseline activity, baseline smoking status, baseline weight, baseline menopausal status, baseline alcohol
use, baseline calcium use, baseline scanner mode, percentage weight change from baseline, and total caloric intake.
cAdditionally adjusted for the cumulative days spent in the postmenopausal period.

DAIRY INTAKE AND BONE ACROSS MENOPAUSE

Menopause, Vol. 27, No. 8, 2020 883

http://links.lww.com/MENO/A585
http://links.lww.com/MENO/A585


During 10 years of follow-up, 64 women experienced a

total of 72 nontraumatic fractures of bone related to osteopo-

rosis. No differences in the HR and relative risks of non-

traumatic fractures were observed by the frequency of

cumulative averaged dairy intakes in fully adjusted models

(Tables 4 and 5). In addition, no differences in HR of non-

traumatic fractures were noted when using the simple average

of dairy intakes (ie, the average of dairy intakes at baseline,

Visit 5, and Visit 9 (Supplemental Table 2, http://links.lww.

com/MENO/A585).

DISCUSSION

The menopause transition is a major health milestone for

women, with influences that extend far beyond reproduction.

Few data are available to fully appreciate whether early nutri-

tional prevention strategies canmitigate bone loss longitudinally

across the menopause transition into the postmenopausal

state. Our previous work indicated a potential premenopausal

critical window in regard to the effectiveness of calcium

supplements.11 We did not find similar associations in this

study of dairy intake. We also conducted sensitivity analyses

adjusting for hormone use (eg, using birth control, estrogen,

progesterone, and estrogen/progesterone pills and having

estrogen injected), although hormone use was highly corre-

lated with menopausal status, and the results remain

unchanged. However, several factors should be considered

when interpreting these results. First, dairy intake was low

among SWANparticipants, with 65% reporting consumption

of <1.5 servings per day. Dairy intake was particularly low

among women of races other than Non-Hispanic white; this

racial disparity has been consistently suggested in the US

population and could be partly attributable to lower rates of

lactose intolerance among non-Hispanic whites as compared

to other racial groups.27-29 Given that there were no signifi-

cant differences in calcium supplement use across

dairy intake groups, it is likely that dairy intakes across

SWAN participants did not influence total calcium intake

TABLE 3. Annualized rate of femoral neck and lumbar spine bone mineral density loss (in g/cm/y) (95% confidence interval) by frequency of
dairy intakes

Servings/da

<0.5 �0.5 and <1.5 �1.5 and <2.5 �2.5 P valueb

Femoral neck
Complete cohort
Unadjusted Reference �0.00024 (�0.00073 to 0.00025) �0.00011 (�0.00069 to 0.00047) �0.00056 (�0.00119 to 0.00007) 0.360
Fully adjustedc Reference �0.00022 (�0.00072 to 0.00028) 0.00004 (�0.00056 to 0.00063) �0.00042 (�0.00106 to 0.00023) 0.506

Premenopause (baseline)
Unadjusted Reference �0.00071 (�0.00140 to �0.00002) �0.00044 (�0.00125 to 0.00037) �0.00043 (�0.00134 to 0.00049) 0.252
Fully adjustedc Reference 0.00001 (�0.00070 to 0.00069) 0.00018 (�0.00064 to 0.00100) 0.00011 (�0.00082 to 0.00103) 0.961

Perimenopause (baseline)
Unadjusted Reference 0.00025 (�0.00045 to 0.00095) 0.00030 (�0.00053 to 0.00114) �0.00055 (�0.00142 to 0.00033) 0.223
Fully adjustedc Reference �0.00038 (�0.00111 to 0.00035) 0.000004 (�0.00087 to 0.00087) �0.00089 (�0.00179 to 0.00002) 0.215

Lumbar spine
Complete cohort
Unadjusted Reference �0.00028 (�0.00093 to 0.00037) �0.00058 (�0.00135 to 0.00018) 0.00056 (�0.00027 to 0.00139) 0.069
Fully adjustedc Reference 0.00005 (�0.00057 to 0.00067) 0.00015 (�0.00058 to 0.00088) 0.00068 (�0.00011 to 0.00147) 0.331

Premenopause (baseline)
Unadjusted Reference �0.00142 (�0.00233 to �0.00052) �0.00123 (�0.00228 to �0.00017) 0.00044 (�0.00076 to 0.00163) 0.001
Fully adjustedc Reference �0.00028 (�0.00111 to 0.00055) 0.00011 (�0.00087 to 0.00108) 0.00092 (�0.00018 to 0.00202) 0.137

Perimenopause (baseline)
Unadjusted Reference 0.00089 (�0.00005 to 0.00182) 0.00012 (�0.00100 to 0.00124) 0.00085 (�0.00032 to 0.00201) 0.196
Fully adjustedc Reference 0.00056 (�0.00037 to 0.00149) 0.00031 (�0.00081 to 0.00142) 0.00052 (�0.00064 to 0.00167) 0.678

aCumulatively averaged dairy intake was used.
bP value for the interaction term between dairy intake and time variable.
cAdjusted for race, baseline height, baseline age, baseline smoking status, baseline activity, time-varying weight, time-varying menopausal status, time-
varying scanner mode, time-varying alcohol use, time-varying calcium, and time-varying total caloric intake.

TABLE 4. Hazard ratio (95% confidence interval) of non-traumatic
fractures by frequency of dairy intakes

Servings/da

Two groups of dairy intakes

<1.5 �1.5

n 1,272 683
n of fractures 48 16
Unadjusted 1.00 (Reference) 0.56 (0.31-1.01
Model 1b 1.00 (Reference) 0.52 (0.27-0.99)
Model 2c 1.00 (Reference) 0.89 (0.43-1.86)
aCumulatively averaged dairy intake was used.
bAdjusted for race, baseline height, baseline age, baseline activity,
baseline smoking status, baseline weight, baseline menopausal status,
baseline alcohol use, baseline calcium use, percentage weight change from
baseline, fracture history, and total caloric intake.
cAdditionally adjusted for the cumulative days spent in the
postmenopausal period.

TABLE 5. Adjusted relative risk (95% confidence interval) of
nontraumatic fractures by frequency of dairy intakes

Servings/da

<1.5 �1.5

Unadjusted 1.00 (Reference) 0.78 (0.45-1.34)
Fully adjustedb 1.00 (Reference) 0.75 (0.37-1.52)
aCumulatively averaged dairy intake was used.
bAdjusted for race, baseline height, time-varying age, baseline smoking
status, baseline activity, baseline fracture history, time-varying weight,
time-varying menopausal status, time-varying alcohol use, time-varying
calcium use, and time-varying total caloric intake.
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of participants sufficiently enough to impact overall femoral

neck and lumbar spine BMD outcomes.

The benefit of dairy consumption for preserving BMD or

preventing fractures has not been established. Ameta-analysis

of prospective cohort studies concluded that there was no

significant association between milk consumption and risk of

hip fracture in women.30 In a more recent meta-analysis where

men and women were combined, total dairy product con-

sumption was not significantly associated with hip fracture

risk, yogurt and cheese consumption was associated with a

lower risk of hip fracture, and no consistent evidence was

found on the effect of milk consumption on the risk of hip

fracture.31 More recently, Feskanich et al25 reported that each

serving of total dairy food intake was associated with a 7%

lower risk of hip fracture in women and a 6% lower risk of hip

fracture in women and men combined using data from the

Nurse’s Health Study and the Health Professionals Follow-up

Study. Although we did not find significant associations

between dairy food intake and any fractures even using the

same methods to calculate cumulative average dairy con-

sumption, some differences in our study and the study by

Feskanich et al25 are worth noting. Feskanich et al25 followed

a large number of postmenopausal women older than age

50 years and, thus, had more statistical power to detect an

association. We further excluded fractures of the toe, digit, or

face that are not typically associated with osteoporosis in

addition to traumatic fractures as in other SWAN bone sub-

study analyses.32 Lastly, information about milk intake during

teenage years that was available in the Nurse’s Health Study

(ie, the study by Feskanich et al25) was not available in the

SWAN data.

Strengths and limitations

The major strength of this analysis is that the cohort was

designed to assess changes in BMD and fractures, among

other outcomes.9 Multiple clinic visits and information on

many confounding variables also improved the strength of

this analysis.Mean dairy intakewas similar to reported intake

among adult women in the US National Health and Nutrition

Examination Survey.29 However, one of the limitations of

this analysis is the low proportion (7%) of individuals who

meet the DGA recommendations for dairy intake, as in the

entire US population aged 51 to 70 years (�2%).33 We were

not able examine different types of dairy foods (eg, milk,

cheese, and yogurt) separately because only a derived com-

posite variable of total dairy intake was publicly available,

and it should be noted that nutrient contents can vary between

different types of dairy foods. Lack of knowledge regarding

lactose intolerance among participants is also a limiting

factor, as is the low number of total fractures in the cohort,

making it difficult to truly assess the impact of dairy intake.

Furthermore, a relatively small number of fractures were

available within the SWAN cohort when compared with

similar age groups at the national level using data from

the National Health and Nutrition Examination Survey.34

Public-use data only extended to Visit 10 and did not include

information on the study site women were attending, which

could modify the results. Fractures were confirmed by medi-

cal record review starting at Visit 6, but fractures from

baseline to Visit 5 were completely self-reported absent of

ascertainment; however, previous comparison has shown

self-reported fractures to yield a false positive in <5% of

cases.35 The exact date of fracture was not asked, so it was

imputed using the midpoint between the visit that reported

fracture and the previous visit.36 Dietary intake (including

supplemental intakes) was also self-reported by FFQ and thus

may contain reporting errors; the rate of under-reporting

with a FFQ was �28% but varied by personal characteristics

such as BMI and age,37 and this FFQ information was

only collected at baseline, Visit 5, and Visit 9. Although

we adjusted for many possible confounders, residual con-

founding and missing data could have influenced the

results.38 Lastly, these data do not include and may not be

applicable to women of Hispanic origin or men.

CONCLUSIONS

In the SWAN longitudinal cohort, there was no evidence on

beneficial effects of dairy intake on annualized rates of

femoral neck and lumbar spine BMD loss or risk of fractures

among middle-aged women, regardless of baseline meno-

pausal status or method used to classify dairy intake.
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