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Abstract

Dairy foods are rich in bone beneficial nutrients, yet the role of dairy foods in hip fracture 

prevention remains controversial. The objective was to evaluate the association of milk, yogurt, 

cheese, cream and milk+yogurt intakes with incident hip fracture. 830 men and women from the 

Framingham Original Cohort, a prospective cohort study, completed a food frequency 

questionnaire (1988–89) and were followed for hip fracture until 2008. In this population-based 

study, Cox-proportional hazards regression was used to estimate Hazard Ratios (HR) by categories 

of energy-adjusted dairy intake (servings/week) adjusting for standard confounders. The exposure 

was energy adjusted intakes of milk, yogurt, cheese, cream and milk+yogurt (servings/wk). Risk 

of hip fracture over the follow-up was the primary outcome; the hypothesis being tested was 

formulated after data collection. The mean age at baseline was 77y (SD:4.9, range: 68–96). 97 hip 

fractures occurred over the mean follow-up time of 11.6y (range: 0.04–21.9y). The mean±SD 

(servings/wk) of dairy intakes at baseline were: milk=6.0±6.4, yogurt=0.4±1.3, cheese=2.6±3.1; 

cream=3.4±5.5. Participants with medium (>1 and <7serv/wk) or higher (≥7serv/wk) milk intake 

tended to have lower hip fracture risk than those with low (≤1serv/wk) intake [HR(95%CI): high 

vs low intake: 0.58 (0.31–1.06), P=0.078; medium vs. low intake: 0.61 (0.36–1.08), P=0.071; P 

trend: 0.178]. There appeared to be a threshold for milk, with 40% lower risk of hip fracture 

among those with medium/high milk intake, compared to those with low intake (P=0.061). A 

similar threshold was observed for milk+yogurt intake (P=0.104). These associations were further 

attenuated after adjustment for femoral neck bone mineral density. No significant associations 

were seen for other dairy foods (P range, 0.117–0.746). These results suggest that greater intakes 

of milk and milk+yogurt may lower risk for hip fracture in older adults through mechanisms that 

are partially, but not entirely, due to effects on bone mineral density.
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INTRODUCTION

Osteoporosis is a disease characterized by low bone mass and progressive deterioration of 

bone tissue 1. There are several critical public health implications of osteoporosis including 

increased risk of fracture, loss in physical function, increased mortality and morbidity, and 

decreased quality of life 2. It is estimated that among the 10 million Americans over the age 

of 50 years who have osteoporosis 3, approximately 1.5 million suffer from osteoporotic 

fractures every year 4. Hip fractures are the most serious of the osteoporotic fractures as they 

almost always lead to hospitalization and result in permanent disability for approximately 

50% and mortality for approximately 20%, of patients 5.

Milk and other dairy products provide a complex source of essential nutrients, including 

protein, calcium, phosphorus, potassium, and magnesium and, in the United States, are often 

fortified with vitamin D, thus contributing to bone health 6. Furthermore, fortified milk is 

also a good source of vitamin D. Previous research has suggested a positive relationship 

between milk intake and bone mineral density (BMD) 7–10, but not with hip fracture 11–14. A 

meta-analysis examining middle-aged or older persons concluded that there was no overall 
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association between milk consumption and hip fracture risk in women, but that more 

research was needed in men 15. Previous studies of BMD have focused primarily on young, 

premenopausal women 16–19, and most evaluated milk intake but did not examine other 

sources of dairy, which may be important as the nutritional profiles of dairy foods are not 

uniform. For example, cream and cream products have higher levels of saturated fat and 

sugar but lower levels of bone-specific nutrients such as calcium, vitamin D and protein than 

do lower fat dairy products. In our previous study, cream intake was associated with lower 

hip BMD 10. Taken together, the evidence supporting an association between dairy food 

intake and hip fracture risk among older adults remains unclear.

Therefore, the purpose of the present study was to determine the association of dairy food 

intake [milk, yogurt, cheese, cream and milk+yogurt with risk of hip fracture in older adults 

from the Framingham Original Cohort, which included both men and women followed for 

approximately 10 years for incident hip fracture. Our hypothesis was that all dairy foods, 

except cream, would be protective against the risk of hip fracture in older men and women.

MATERIALS AND METHODS

The Framingham Heart Study, begun in 1948, examined risk factors for heart disease in a 

cohort of 5,209 men and women aged 28–62 y, selected as a population based sample of two 

thirds of the households in Framingham, MA, USA. The cohort has been examined 

biennially for more than 50 y 20. In 1988–1989, there were 1,402 surviving participants from 

the Original Cohort who participated in the Framingham Osteoporosis Study and formed the 

baseline examination for this study. We excluded participants with missing or incomplete 

food frequency questionnaires (FFQ), based on the criteria of >12 food items left blank or 

with energy intakes <2.51 or >16.74 MJ (<600 or >4000 kcal/d). Of 976 participants with 

complete FFQ and fracture information, we further excluded 146 with prior hip fracture, 62 

with missing information on dairy food intake, and four with missing covariate information. 

The final analytic sample (n=764) was followed for incident hip fracture from the date of 

FFQ completion to the end of 2008. All participants provided written informed consent. The 

Institutional Review Board for Human Research at Boston University and Hebrew 

SeniorLife approved this study.

Dietary assessment

Usual dietary intake was assessed in 1988–1989 with a semi-quantitative, 126-item Willett 

FFQ 21. Questionnaires were mailed to the study participants. They were asked to complete 

them, based on their intake over the previous year, and to bring them to the examination, 

where they were reviewed with clinic staff. This FFQ has been validated against multiple 

diet records and blood measures for many nutrients in several populations 22, 23. An earlier 

version of this FFQ was validated against dietary records, with food intake for seven 

consecutive days at four times during a 1-year interval, among 173 women from the Nurses’ 

Health Study 24. The corrected correlation coefficients between the FFQ and seven day 

records ranged from 0.57 to 0.94 for dairy products. Dairy intake was assessed in servings 

per week, using the food list section of the FFQ. Willett’s questionnaire specifies the serving 

size for each dairy food as follows: milk, skim/low fat/whole (8 oz. glass), ice milk (1/2 
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cup), cottage or ricotta cheese (1/2 cup), other cheese (1 slice or 1 oz. serving), cream (1 

Tbs.), sour cream (1 Tbs.), ice cream (1/2 cup), cream cheese (1 oz.), and yogurt (1 cup). 

Milk intake was calculated as the combined intake of skim milk, low fat milk, whole milk, 

and ice milk. Cheese intake was calculated as the combined intake of cottage/ricotta cheese 

and other cheeses. The variable “other cheese” included American, Cheddar etc. plain or as 

part of a dish (1 slice or 1 oz. serving). Cream intake was calculated as the combined intake 

of cream, sour cream, ice cream, and cream cheese. Yogurt intake was also estimated in 

servings per week. In our previous work on dairy intake and bone health in the Framingham 

Offspring Cohort 10, we reported beneficial effects of milk and yogurt on hip BMD. 

Therefore, we decided to examine the combined intake of milk and yogurt (milk+yogurt) in 

servings per week.

Assessment of hip fracture

As reported previously 25, all records of hospitalizations and deaths for the study 

participants were systematically reviewed for occurrences of hip fracture. Beginning in 

1983, hip fractures were reported by interview at each examination or by telephone 

interview for participants unable to attend an examination. Reported hip fractures were 

confirmed by review of medical records, radiographic and operative reports. For this 

analysis, incident hip fracture was defined as a first-time fracture of the proximal femur, 

which occurred over follow-up after the dietary assessment in 1988–1989 through December 

2008.

Potential confounding factors

Previous studies on this and other groups have reported several major risk factors for 

osteoporosis, which informed our inclusion of potential confounding variables such as age, 

female sex, height, weight, current smoking, physical activity, current estrogen use in 

women, calcium, vitamin D and multivitamin supplement use. All covariates were measured 

at the time of dietary assessment in 1988–1989, except for maximum adult height, which 

was measured at the first examination in 1948–51 without shoes, in inches. Weight was 

measured in pounds with a standardized balance-beam scale. Body mass index (BMI) was 

calculated as height (m2) divided by weight (kg). Smoking status was assessed from 

questionnaire data, with two groups (those who never smoked cigarettes or smoked in the 

past and current smokers). Physical activity was measured with the Framingham physical 

activity index, an estimated measure of energy expenditure calculated from questions about 

number of hours spent in heavy, moderate, light, or sedentary activity and number of hours 

spent sleeping during a typical day 26. Each component of these 24-h summaries was 

multiplied by an appropriate weighting factor on the basis of the estimated level of 

associated energy expenditure and summed to arrive at a physical activity score. For 

estrogen use, women were divided into two groups: 1) those currently using estrogen or who 

had been using continuously for >1 year in the past two years and 2) those who had never 

used estrogen, had only used it previously or, although currently using, had used it for <1 

year, as past or short-term use does not sustain bone benefits 27. Intake of total energy, 

calcium and vitamin D were estimated using the food list section of the FFQ. Intakes of 

calcium, vitamin D or multivitamin supplements, as recorded on the supplement section of 

the FFQ, were coded as yes-no variables. Final models were adjusted for baseline BMD at 
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the femoral neck measured in 1988–1989 using a Lunar DP2 dual photon absorptiometer, to 

examine if baseline femoral neck BMD was in the pathway of the association of dairy intake 

with fracture.

Statistical Analysis

Descriptive characteristics were calculated for the combined sample of men and women. 

The distribution of dairy food intakes (defined as milk, yogurt, cheese, cream and milk

+yogurt intakes) were examined. Variables were energy adjusted using the residual 

method. 28 Dairy food intakes were energy-adjusted residuals added to a constant, where the 

constant equals the dairy food intake for the mean energy intake of the study population. 

These energy-adjusted dairy food variables (servings/week) were then examined as 

continuous as well as categorical variables. Milk intake was categorized in servings per 

week as: low ≤ 1, medium > 1 and < 7 or high ≥ 7 servings per week. Yogurt intake was 

categorized as none versus any intake (> 0 servings/week). Cheese intake was categorized as 

minimal ≤ 1 versus some > 1 serving per week. Cream intake was categorized as low < 0.5, 

medium ≥ 0.5 and < 3 or high ≥ 3 servings per week. Milk+yogurt intake was categorized as 

low ≤ 1, medium > 1 and <10 or high ≥ 10 servings per week. Dairy intakes were adjusted 

for total energy intake using the residual method 29. Assumptions for Cox proportional 

hazards regression were tested and met. Hazard ratios and 95% confidence intervals were 

estimated for men and women combined using Cox proportional hazards regression, 

adjusting for potential confounders and covariates. Hazard ratios were used to estimate the 

relative increase in the risk of hip fracture for each of the higher intake categories, compared 

with the lowest category (referent). For dairy intake, linear trends across the categories were 

also examined.

Multivariable analyses initially adjusted hazard ratios and 95% confidence intervals for age 

(y), sex, weight (kg), height (inches), and total energy intake (Kcal/d). Subsequent models 

were adjusted for calcium and vitamin D supplement use (y/n) and current smoking (y/n). In 

the process of model building, any covariate that changed the β-coefficient of the primary 

exposure by >10% was included in the final parsimonious model. Based on this method, 

physical activity, estrogen use and multivitamin use were excluded from the final models 

presented. Final models were adjusted for baseline femoral neck BMD (FN-BMD) to 

determine the possibility that a dairy effect on fracture involved BMD in the pathway.

Hazard Ratios for medium and high intake categories were similar for milk and milk+yogurt 

intakes, suggesting a threshold effect. Therefore, we re-examined the final models (with and 

without adjustment for FN-BMD) using milk intake categories defined as: low ≤ 1 versus 

medium/high > 1 serving per week and milk+yogurt intake categories defined as: low ≤ 1 

versus medium/high > 1 serving per week.

All analyses were performed using SAS statistical software (SAS user’s guide, version 9.3; 

SAS Institute, Cary, NC, USA). A nominal two-sided p < 0.05 was considered statistically 

significant for all the analyses.
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RESULTS

Subject characteristics

The mean age at baseline was 77 y for men and women combined (SD, 4.9; range, 68–96y) 

(Table 1). Seventeen percent of participants were calcium supplement users; and 27% were 

vitamin D supplement users. Mean dietary calcium intake was 726 mg/d (SD, 350) and 

mean dietary vitamin D was 221 IU/d (SD, 145). Mean total milk intake was 6 servings/wk 

(SD, 6.4; range, 0–42.0). Milk and yogurt comprised ~52% of total dairy intake. Intake of 

yogurt was limited in women (mean intake: 0.57 ± 1.5 servings/wk, range: 0 to 17.5 

serv./wk) and even less in men (mean intake: 0.20 ± 0.87 servings/wk, range: 0–7 servings/

wk). There were 97 (13%) incident hip fractures over an average follow-up period of 11.6 

years (SD, 6.0; range: 0.04–21.9 years).

When dairy food intake was examined as a continuous variable, after initial adjustment for 

age, sex, weight, height, and total energy intake, there were no statistically significant 

associations between milk, yogurt, cheese, cream or milk+yogurt intake with risk of hip 

fracture (P range, 0.133–0.819) (data not shown). There was a modest 3% increased risk of 

hip fracture for every serving increase of cream per week. However, these associations did 

not reach significance (HR=1.03; 95% CI=0.99–1.06; P=0.133). In the full models, 

additional adjustment for current cigarette smoking, calcium supplement use, and vitamin D 

supplement use did not change the results for any dairy food (P range, 0.182–0.779; Table 

2).

When dairy food intakes were examined as categorical variables, after initial adjustment for 

age, sex, weight, height, and total energy intake, participants with higher milk intake had 

43% (≥7 servings/wk) and 39% (>1 and <7 servings/wk) lower risk of hip fracture compared 

to those with low milk intakes (≤1 serving/wk) (highest milk intake: HR=0.57; 95% 

CI=0.31–1.05; P=0.078, medium intake: HR=0.61; 95% CI=0.35–1.06; P=0.071; P 

trend=0.172). In addition, participants with higher milk+yogurt intake had 37% (≥10 

servings/wk) and 35% (>1 and <10 servings/wk) decreased risk of hip fracture compared to 

those with low milk+yogurt intake (≤1 servings/wk) (highest milk+yogurt intake: HR=0.63; 

95% CI=0.35–1.14; P=0.133 medium milk+yogurt intake: HR=0.65; 95% CI=0.38–1.13; 

P=0.136, P trend=0.277). However, these associations did not reach statistical significance. 

Additional adjustment for current cigarette smoking, calcium and vitamin D supplement use, 

in the full models, did not change these associations (Table 3). Similarly, no significant 

associations were observed for other sources of dairy intake (P range, 0.117–0.746).

When milk intake was analyzed as low versus medium/high intake, participants with 

medium/high milk intake (>1 serving/wk) had 40% lower risk of hip fracture, compared to 

those with low milk intake (≤1 serving/wk) (medium/high milk intake: HR=0.60; 95% 

CI=0.36–1.02; P=0.061, Figure 1). These associations were attenuated after adjustment for 

FN-BMD (P=0.101, Figure 1). Similarly, when milk+yogurt intake was analyzed as low 

versus medium/high intake, participants with medium/high milk+yogurt intake (>1 

serving/wk) appeared to have 20% lower risk of hip fracture, compared to those with low 

milk+yogurt intake (≤1 servings/wk) (medium/high milk intake: HR=0.80; 95% CI=0.62–

1.04; P=0.104). These associations did not change after adjustment for FN-BMD (P=0.122).
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DISCUSSION

This prospective study examined associations between individual dairy food intakes and risk 

of incident hip fracture in older men and women over a relatively long follow-up period. 

Threshold effect was observed for milk intake that was suggestive of a protective association 

for higher levels of milk intake with hip fracture risk over a mean follow-up of 11.6 years. 

This strength of the association was attenuated, but remained marginally significant after 

final adjustment for baseline FN-BMD, confirming that at least some of the association 

between milk intake and risk for hip fracture are due to effects on BMD. Similar, threshold 

effect was also observed for milk+yogurt intake though the effect estimates indicating 

protective associations were only marginally significant. No statistically significant 

associations were observed between other dairy foods and hip fracture risk.

Evidence from previous studies suggests a significant role for dairy intake 9, 10, 17, 30–32 and 

related nutrients 33, 34 in maintaining BMD. However, the evidence for hip fracture remains 

weak. Results from the largest cohort study to date on this topic were based on 72,337 

postmenopausal women with 18-year follow-up for self-reported hip fractures; they showed 

no association between milk intake and the risk of hip fracture 13; although a recent meta-

analysis that included this study suggested that more data are required, particularly for 

men 15. A meta-analysis including six prospective cohort studies with 195,102 women 

sustaining 3,574 hip fractures reported that, in women aged >35 years, there was no overall 

association between total milk intake and hip fracture risk (pooled RR per glass of milk per 

day = 0.99; 95% CI=0.96–1.02; Q-test p = 0.37). However, the same study also included 

three prospective cohort studies with 75,149 men sustaining 195 hip fractures and reported 

that more data were needed in men aged >40 years (pooled RR per glass of milk per 

day=0.91; 95% CI=0.81–1.01) 15. Similarly, no associations were observed for milk intake 

and hip fracture risk in a previous meta-analysis that included six prospective cohort 

studies 35.

A recent prospective cohort study with more than 22 years of follow-up in >96,000 white 

postmenopausal women from the Nurses’ Health Study, and men aged 50 years and older 

from the Health Professionals Follow-up Study, reported that teenage milk consumption 

(assessed retrospectively using an FFQ) was not associated with hip fracture in women (RR 

= 1.00 per glass per day; 95%CI, 0.95–1.05), and was associated with greater risk in men 

(RR = 1.09; 95%CI, 1.01–1.17), after adjustment for adult milk consumption. However, 

when further adjusted for height, no significant associations were observed for milk intake 

and hip fracture risk in men (RR = 1.06; 95%CI, 0.98–1.14). Cheese consumption was also 

not associated with hip fracture risk in men or women, which could be due to low cheese 

intake during teenage years reported in this study 36. However, results from this study 

cannot be compared directly to the current study from the Framingham cohort, because 

Feskanich et al. examined the effect of milk intake during teenage years to hip fracture later 

in life, adjusting for adult milk consumption among men and women aged 40–75 years, 

while the current study aimed to examine adult milk consumption and hip fractures later in 

life, in relatively older men and women (mean age: 76y and range: 68–96 years). In a meta-

analysis of 6 prospective cohort studies, Kanis et al. reported that low intake of milk (<1 

glass of milk per day) was associated with an increased risk of osteoporotic fracture only 
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from the age of 80 years.35 Although the same was not observed with hip fracture, this could 

perhaps explain the discrepant findings from the Framingham Original Cohort compared to 

some previous studies with relatively younger participants of <75 years of age.

On the other hand some studies do support a protective association between milk intake and 

fracture risk. Results from the third National Health and Nutrition Examination Survey 

(1988–1994) of 3,251 adult women (aged >20 y) showed that women with milk intake < one 

serving/wk during childhood (assessed via 24-hour recall questionnaire) was associated with 

2-fold greater risk of fracture of the hip, wrist or spine 17. Also, a study of 4,573 Japanese 

men and women (aged: 59 years) showed a marginally significant protective effect of milk 

consumed five or more times per week compared to those consuming one or less servings 

per week [HR: 0.54 (0.25–1.07)] 37. Our previous study, using data from the Framingham 

Offspring Cohort, examined the association of dairy food intake and hip fracture risk in men 

and women with a mean age of 55±1.6 years (range: 26–85) over a 12-y follow-up 10. In 

that study, yogurt intake showed a weak protective trend for hip fracture with higher intakes 

[HR (95%CI) compared to no intake: ≤4 servings/week: 0.46 (0.21–1.03), >4 servings/week: 

0.43 (0.06–3.27); P trend=0.06]. However, no other dairy intakes were significantly 

associated (HRs range, 0.53–1.47). Compared to other studies, the Framingham Offspring 

participants included mostly middle-aged men and women, with fewer fractures and hence, 

limited power to detect associations. The current study includes older men and women 

(aged: 68–96 years) from the Framingham Original cohort, with 97 confirmed hip fractures 

over a mean of almost 11.6y of follow-up.

The current study showed different results when dairy intake variables were treated as 

continuous (Table 2) versus when they were categorized (Table 3). There could be two 

reasons for this. First, the distribution of crude dairy variables was not-normal. While the 

distribution of the energy adjusted residuals for some dairy variables was close to normal, 

for other dairy variables it was not. Second, it is possible that the decrease in hip fracture 

risk with higher milk intake was non-linear. In fact, there seemed to be a threshold effect for 

milk intake as well as for milk+yogurt intake (Table 3), where the risk of hip fracture 

appeared to be lower in medium and high milk drinkers compared to those with low milk 

intake (<1 serving/week). When the medium and high milk drinkers were combined, the 

results suggested that medium to higher milk intake was protective against hip fractures 

compared to low intake (<1 serving/week).

The strengths of this study include the population-based prospective cohort design, with a 

long follow-up for fracture in both men and women. Only confirmed hip fractures were used 

and specific dairy foods were examined. However, this study had several limitations. The 

dietary assessment was conducted by FFQ, which is a semi-quantitative questionnaire that 

rank orders usual intakes. However, the FFQ used in this study has been validated for use in 

this population and several others 24. The complete dietary data were available only at 

baseline and, therefore, we were unable to adjust for secular change in diet during the 

follow-up period. However, we evaluated average milk intake over follow-up exams (in 

1988–1992 and 1990–1994) for the smaller subset of participants with repeated dietary 

assessments and found that milk intake did not change significantly. Furthermore, the results 

of this study are generalizable only to non-Hispanic white men and women. Lastly, in any 
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observational study, residual confounding may occur, despite control for several potential 

confounders.

In 2004, McCarron and Heaney reported that there could be an estimated 5-year savings in 

healthcare cost of $14 billion for treating osteoporotic fractures in the U.S. if the 

recommended intake of dairy products (3 servings per day) was met 38. Our current study 

contributes to the body of scientific information supporting a beneficial effect of dairy intake 

on hip fracture risk among older adults. Milk intake, the most commonly consumed dairy 

food seemed to be protective against the risk of hip fracture in this cohort of older men and 

women, and this appeared to be partially mediated through BMD. However, associations 

were marginally significant after adjusting for BMD, suggesting that there may be other 

mechanisms, such as effects on bone strength, structure or other contributors to fracture risk 

such as falls. Other specific dairy foods were not associated with hip fracture risk. Some 

foods, particularly yogurt, were consumed in small amounts with limited variability, making 

it difficult to see a potential effect.
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Figure 1. 
Parts A–B. Association of dairy intake categoriesa with hip fracture risk in 764 older adults 

from the Framingham Original Cohort.

A). Hazard Ratiosb were adjusted for age (y), sex, weight (kg), height (inches), total energy 

intake (Kcal/d), current cigarette smoking (yes/no), calcium supplement use (yes/no), 

vitamin D supplement use (yes/no).

B). Hazard Ratiosb in panel A were additionally adjusted for baseline femoral neck bone 

mineral density (FN-BMD).
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a Dairy food intakes were energy-adjusted residuals added to a constant, where the constant 

equals the dairy food intake for the mean energy intake of the study population.
b † P>0.05 and P<0.1
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Table 1

Characteristics of 764 men and women from the Framingham Original Cohort.

Characteristics Mean ± SD

Age (years) range: 68–96 76.9 ± 4.9

Body Mass Index (Kg/m2) Range: 15.4–51.6 25.6 ± 4.5

Weight (Kg) 70.1 ± 14.4

Height (inches) 65.1 ± 3.5

Total energy (Kcal/d) 1743 ± 586

Dietary calcium (mg/d) 726 ± 350

Dietary vitamin D (IU/d) 221 ± 145

Total milk (servings/week) 6.0 ± 6.4

Total cheese (servings/week) 2.6 ± 3.1

Total cream (servings/week) 3.4 ± 5.5

Yogurt (servings/week) 0.43 ± 1.3

Milk+yogurt (servings/week) 6.4 ± 6.7

Physical Activity Scale for Elderly (PASE) 33.6 ± 5.6

n, (%)

Incident Hip fractures 97 (12.7)

Current smokers 76 (10.0)

Calcium supplement use 130 (17)

Vitamin D supplement use 208 (27)

Current estrogen use 6 (1.3)

Unadjusted dairy intake variables are in the original scale (Servings/week)
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Table 2

Association of dairy intake (servings/week) with the hip fracture risk in 764 participants from the Framingham 

Original Cohort.

Dairy Exposures
(servings/week)a

n hip fractures
Hazard
Ratiob

95% Confidence
Intervals

Variable P
valuec

Milk 97 0.995 0.962–1.029 0.779

Yogurt 97 0.948 0.796–1.113 0.554

Cheese 97 0.975 0.901–1.055 0.526

Cream 97 1.024 0.989–1.060 0.182

Milk+yogurt 97 0.993 0.961–1.026 0.689

a
Dairy food intakes were energy-adjusted residuals added to a constant, where the constant equals the dairy food intake for the mean energy intake 

of the study population.

b
Parsimonious models adjusted for age (y), sex, weight (kg), height (inches), total energy intake (Kcal/d), current cigarette smoking (yes/no), 

calcium supplement use (yes/no) and vitamin D supplement use (yes/no)

c† P>0.05 and P<0.1
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Table 3

Association of dairy intake categories (servings/week) with the hip fracture risk in participants from the 

Framingham Original Cohort (n=764).

Dairy Exposures
(servings/week) a

Incident hip
fractureb

Hazard Ratio (95%
Confidence Intervals)c

Variable P
valued P trend

Milk 0.178

  Low intake ≤ 1 20/108 Ref --

  Medium intake > 1 and < 7 50/422 0.61 (0.36–1.08) 0.071†

  High intake ≥ 7 27/234 0.58 (0.31–1.06) 0.078†

Yogurt --

  No intake 0 77/627 Ref --

  Yes intake > 0 20/137 1.09 (0.65–1.81) 0.746

Cheese --

  Minimal intake ≤ 1 52/358 Ref --

  Some intake > 1 45/406 0.72 (0.48–1.08) 0.117

Cream 0.601

  Low intake < 1 21/167 Ref --

  Medium intake ≥ 1 and < 3 35/284 0.86 (0.47–1.58) 0.626

  High intake ≥ 3 41/313 1.04 (0.59–1.86) 0.881

Milk+yogurt 0.278

  Low intake ≤ 1 20/119 Ref --

  Medium intake > 1 and <10 48/405 0.65 (0.37–1.14) 0.136

  High intake ≥ 10 29/240 0.63 (0.34–1.15) 0.133

a
Dairy food intakes were energy-adjusted residuals added to a constant, where the constant equals the dairy food intake for the mean energy intake 

of the study population.

b
Incident hip fractures were calculated as the number of persons with hip fracture at the end of the follow-up/ total number of persons at risk of hip 

fracture at the beginning of the follow-up.

c
Parsimonious models were adjusted for age (y), sex, weight (kg), height (inches), total energy intake (Kcal/d), current cigarette smoking (yes/no), 

calcium supplement use (yes/no), vitamin D supplement use (yes/no).

d
HR significantly different from HR in the lowest category,

†
P<0.10.
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