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Abstract 

Background and aims: Hip fracture affects 1.6 million people globally each year, and increases 

morbidity and mortality. There is potential for risk reduction through diet modification, but 

prospective evidence for associations between intake of several foods and nutrients and hip fracture 

risk is limited. This study aimed to investigate associations between food and nutrient intakes and hip 

fracture risk in the UK Women’s Cohort Study, and to determine the role of body mass index (BMI) as 

a potential effect modifier.  

Methods: Dietary, lifestyle, anthropometric, and socio-economic information of UK women, ages 35–

69 years, were collected in a survey at recruitment (1995-1998), and included a validated 217-item 

food frequency questionnaire. Hip fracture cases were identified by linking participant data at 

recruitment with their Hospital Episode Statistics (HES) up to March 2019. Cox regression models were 

used to estimate associations between standard portions of food and nutrient intakes and hip fracture 

risk over a median follow-up time of 22.3 years.  

Results: Among 26,318 women linked to HES data (556,331 person-years), 822 hip fracture cases were 

identified. After adjustment for confounders, every additional cup of tea or coffee per day was 

associated with a 4% lower risk of hip fracture (HR (95% CI): 0.96 (0.92, 1.00)). A 25 g/day increment 

of dietary protein intake was also associated with a 14% lower risk of hip fracture (0.86 (0.73, 1.00)). 

In subgroup analyses, BMI modified linear associations between dietary intakes of protein, calcium, 

total dairy, milk, and tea and hip fracture risk (pinteraction = 0.02, 0.002, 0.003, 0.001, and 0.003, 

respectively); these foods and nutrients were associated with a reduced risk of hip fracture in 

underweight but not healthy or overweight participants. In particular, risk of hip fracture in 

underweight participants (28 cases, 545 participants) was 45% lower for every 25g/day protein 

consumed (0.55 (0.38, 0.78)).  
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Conclusions: This is the first prospective cohort study internationally of multiple food and nutrient 

intakes in relation to hip fracture risk by BMI using linkage to hospital records. Results suggest that 

the potential roles of some foods and nutrients in hip fracture prevention, particularly protein, tea 

and coffee in underweight women, merit confirmation.  

Key words: diet, nutrition, hip fracture, cohort study, epidemiology, body mass index 

Protocol registration: clinicaltrials.gov NCT05081466 

Abbreviations: Body mass index (BMI); bone mineral density (BMD); socioeconomic status (SES), 

hazard ratio (HR), 95% confidence interval (95% CI); saturated fat (SFA); monounsaturated fat (MUFA); 

polyunsaturated fat (PUFA). 
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Introduction 

Hip fractures are the most common fractures resulting in hospitalisation, particularly among older 

women (1). Around 1.6 million cases occur globally each year and rates are increasing (2), particularly 

in Europe and Asia (3, 4). Mobility and independence decrease after hip fracture incidence whilst risk 

of comorbidities increases, resulting in a reduced health-related quality of life and increased mortality 

(1, 5, 6). Hip fractures also burden healthcare systems, costing the UK £2 -3 billion and the US 

healthcare system $6 billion per year, respectively (7, 8). There is potential for risk reduction through 

diet modification (9), but the extent to which dietary intake of specific foods and nutrients impact hip 

fracture risk remains unclear.  

Adequate bone health and muscle function are important in preventing hip fracture (10, 11). The 

importance of protein, calcium, and vitamin D to bone health and muscle function are becoming 

increasingly recognised (12-15); experimental evidence suggests a reduced risk of hip fracture with 

concurrent supplementation of calcium and vitamin D (16), but the impact of dietary protein, calcium, 

and vitamin D intakes on hip fracture risk are less clear (9). Dietary intake of other nutrients including 

fat, vitamin A, and B-vitamins have also been associated with bone health and hip fracture risk in 

observational studies (17-19), but prospective evidence is limited for many nutrients in relation to hip 

fracture risk.  

Consumption of foods in which nutrients important to bone health are abundant may also be 

associated with hip fracture risk. Higher intakes of fruits and vegetables have been inversely 

associated with hip fracture risk, possibly through reducing oxidative stress and consequently reducing 

bone loss (20, 21). Protective roles for meat, fish, and dairy products are also plausible due to their 

protein, calcium, and vitamin D contents, but inconclusive (9, 22-24). Our previous umbrella review of 

dietary risk factors for hip fracture showed potential associations between hip fracture risk and intake 

of several foods and nutrients, but with low or very low quality evidence for all exposures (9). There 
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is a lack of prospective evidence investigating hip fracture risk in relation to intake of many foods and 

nutrients. Previous studies are limited by small sample sizes, selective loss to follow-up due to 

identification of hip fracture cases through self-reported measures, or study durations too short for a 

long-term effect of diet to be observed. Associations between food and nutrient intakes and hip 

fracture risk require further investigation.  

Many foods and nutrients are individually associated with BMI, which is  positively associated with hip 

fracture risk (25). Associations between foods, nutrients and hip fracture risk may depend on BMI, and 

may be more pronounced in underweight individuals where bone and muscle health are more likely 

to be inadequate (26), though this remains unclear. This study aimed to investigate associations 

between food and nutrient intakes and hip fracture risk in the UK Women’s Cohort Study (UKWCS), 

and to determine if these associations are modified by BMI.   
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Methods 

We followed the Strengthening the Reporting of Observational Studies in Epidemiology – Nutritional 

Epidemiology (STROBE-nut) guidelines for the reporting of cohort studies (Additional file 1: Table S1) 

(27).  

Study design 

The UKWCS is a prospective cohort study of 35,372 middle-aged women (ages 35-69 years at 

recruitment) recruited via postal questionnaire across the UK between 1995-1998. The recruitment 

process has been detailed elsewhere (28). Dietary, lifestyle, demographic, and anthropometric data 

were collected through the questionnaire at recruitment. Participants were then excluded for the 

following reasons: lived outside of England (n=3821), had a hip fracture on or before the date of 

recruitment according to hospital episode statistics (n=2), had missing age data (n=341), or had outlier 

dietary or covariate data (daily energy intake < 500 kcal or > 5000 kcal, BMI < 10 or > 60 kg/m2, or 

food intakes > 3 standard deviations from the mean; n=941), leaving 30,244 participants potentially 

eligible for inclusion in this study (Additional file 1: Fig S1). Ethical approval was obtained at the 

cohort’s inception in 1993 from the National Research Ethics Service Committee for Yorkshire & the 

Humber – Leeds East (reference 15/YH/0027). This has now become the UK Women’s Cohort Study – 

HES research database with ethical approval 17/YH/0144, in addition to an NHS Digital Data Sharing 

Agreement DARS-NIC-109867-M8S6B-v1.5.  

Dietary assessment 

At recruitment, dietary information of participants was collected via a self-administered 217-item food 

frequency questionnaire (FFQ) that was based on the Oxford branch of the European Prospective 

Investigation into Cancer and Nutrition (EPIC) study (29). The FFQ was validated against four-day 
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weighed food diaries and a repeat FFQ on 283 women, both administered three years after 

recruitment (28).  

Primary foods and nutrients of interest were identified based on potential dietary risk factors for hip 

fracture identified in previously published studies (9), and included: dietary intake of fruits and 

vegetables combined, fruit, vegetables, total meat, total fish, total dairy, milk, yoghurt, cheese, tea 

and coffee combined, tea, coffee, protein, calcium, and vitamin D. Secondary foods and nutrients 

considered in exploratory analyses included dietary intake of other foods or nutrients with a plausible 

relation to hip fracture risk but with very limited evidence, and are listed in Additional file 1: 

Supplementary methods. Each food exposure was calculated by converting responses to each FFQ 

item to servings per day, multiplying by standard portion sizes to give grams per day (g/day), then 

summing relevant FFQ items (g/day) that constituted each food exposure. Exposure definitions and 

their derivations are documented in Additional file 1: Table S2. Standard portion sizes for food 

exposures were derived by averaging standard portion sizes of all relevant FFQ items (based on the 

Foods Standards Agency) that constituted an exposure (30). Nutrient intakes were calculated by 

multiplying daily intake of each FFQ item (g/day) by each items’ specific nutrient contents, and 

summing the products. Nutrient concentrations for each FFQ item were based on McCance and 

Widdowson’s Food Composition database (5th edition) (31).  

Outcome 

First incidence of hip fracture was the primary outcome, and was identified by linking participants’ 

diet and lifestyle characteristics with their Hospital Episode Statistics up to 31st March 2019 

(International Classification of Diseases, ICD-9 code 820, ICD-10 codes S72.0-72.2). We also checked 

for hip fracture cases by searching for hip replacements (ICD-10 code Z96.64), but no cases were 

identified from this search. The timeframe was person-years until hip fracture incidence, end of study 

period, or death; whichever came first, with attained age as the timescale (32).  
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Statistical analysis 

All statistical methods were pre-registered on clinicaltrials.gov (NCT05081466). Dietary, lifestyle, 

demographic, and anthropometric characteristics of cohort participants at recruitment with and 

without a hip fracture during the study period were summarised using descriptive statistics. Cox 

proportional hazard regression models were used to estimate hazard ratios (HR) and 95% confidence 

intervals (95% CI) for associations between intake of foods and nutrients and hip fracture risk. All 

exposures were modelled as continuous variables to investigate associations between standard 

portion sizes of each food and nutrient intake and hip fracture risk. Non-meat-eaters were 

preferentially sampled into the UKWCS (28); to account for this and to increase the generalisability of 

our findings to the UK population, cox models used weights based on the inverse probability of being 

sampled (33).  

We also investigated potential non-linear associations between dietary intake of fruits and vegetables, 

fruits, vegetables, tea and coffee, tea, coffee, and calcium and hip fracture risk using Cox regression 

with restricted cubic splines, since previously published studies have suggested potential non-linear 

relationships between these exposures and hip fracture risk (34-36). Four knots were placed at the 

5th, 35th, 65th, and 95th percentiles of each exposure intake (37). Reference levels were set to five 

portions/day for fruits and vegetables combined, and 700 mg/day for dietary calcium, corresponding 

to UK recommended intakes (38, 39). The reference level was set at three portions/day for fruits and 

vegetables individually, and zero cups per day for tea and coffee to compare risks in consumers and 

non-consumers.  

Unadjusted and multivariable-adjusted models were applied. Age was controlled for in both models 

using attained age as the timeframe (32). Additional potential confounders included in adjusted 

models for food intake – hip fracture risk associations, and nutrient intake – hip fracture risk 

associations, were informed by a Directed Acyclic Graph (DAG) for each. Confounders for models with 
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food or nutrient exposures included (all measured at recruitment): ethnicity (white, Asian, black, 

other), socio-economic status (SES; professional/managerial, intermediate, routine/manual), marital 

status (married/living as married, separated/divorced, single/widowed), menopausal status 

(premenopausal, postmenopausal), number of children (continuous), prevalence of cardiovascular 

disease (CVD), cancer, or diabetes (yes, no), physical activity in hours per day (continuous), smoking 

status (current, former, never), alcohol intake (> 1/week, ≤ 1/week, never), height (continuous), body 

weight (continuous), and use of any nutritional supplements (yes, no). All adjusted models were 

adjusted for energy intake using the all-components method, where all other individual components 

of energy intake besides the exposure were adjusted for (40). For models with food exposures, this 

involved mutual adjustment for other food and beverage groups. Models with primary nutrient 

exposures (dietary protein, calcium, and vitamin D intakes) were adjusted for dietary carbohydrates 

(excluding sugar and fibre), fibre, sugar, saturated fat (SFA), monounsaturated fatty acids (MUFA), and 

polyunsaturated fatty acids (PUFA) intakes, and were mutually adjusted for one-another. Models for 

secondary nutrients were adjusted for protein, calcium and vitamin D intakes, and were also adjusted 

for: carbohydrates (excluding sugar and fibre), fibre, SFA, MUFA, PUFA, and sugar intakes except 

where the exposure of interest was one of these variables, in which case it was omitted from the 

adjustment set. Confounder variable definitions, DAGs, and informed adjustment sets for each 

potential association are detailed in Additional file 1: Supplementary methods, Fig S2, and Tables S3 

and S4. The proportional hazards assumption was tested on the basis of Schoenfeld residuals, and was 

not violated for all terms in adjusted models.  

BMI (< 18.5, 18.5–24.9, ≥ 25 kg/m2) was added to linear adjusted models independently as an 

interaction term to compare potential associations between standard portion size increments in daily 

intake of foods and nutrients and hip fracture risk in underweight, healthy weight, and overweight 

women. We also stratified models with restricted cubic splines by BMI (using the same cut-offs as in 

linear tests) to test for non-linear associations in each BMI subgroup. Further exploratory analyses 
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included testing for interaction effects with each exposure modelled linearly for: age (≤ 60, > 60), 

menopausal status (premenopausal, postmenopausal), SES (routine/manual, intermediate, 

professional/managerial), smoking status (current, former, never), physical activity (< 150 minutes per 

week, ≥ 150 minutes per week), and use of nutritional supplements (yes, no). In each case, the 

potential effect modifier was omitted from the relevant adjustment set.  

As a sensitivity analysis, we applied models with and without adjustment for body weight to determine 

if weight management contributes to any observed associations. Additional sensitivity analyses were 

as follows: adjusting for BMI rather than height and weight individually; adjusting for energy intake 

using the energy-partition method to enhance comparison with other studies (see Additional file 1: 

Supplementary methods for more detail); excluding participants on long-term treatment for illness at 

baseline who may be generally unhealthier and at a higher risk of hip fracture; excluding participants 

with short survival times (< 5 years) to check for reverse causation; further adjusting for hormone 

replacement therapy (HRT); and further adjusting for prevalence of fracture at sites other than the hip 

at recruitment identified in hospital episode statistics.  Participants with missing data for a variable 

required in a given analysis were excluded from that analysis. Statistical analyses were performed in 

Stata (version 17).  

Results 

Participants 

Of the 30,244 potentially eligible women at recruitment, 26,318 women were included in unadjusted 

and adjusted analyses after excluding participants with missing covariate data for body weight 

(n=596), height (n=649), ethnicity (n=811), physical activity (n=1561), marital status (n=460), SES 

(n=331), or menopausal status (n=309). The participant flow chart is detailed in Additional file 1: Fig 

S1.  
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Descriptive data 

Characteristics of the 26,318 cohort participants at recruitment with and without a hip fracture during 

the study period are summarised in Table 1. Over a median follow-up time of 22.3 years (556,331 

person-years), we observed 822 hip fracture cases – an overall rate of 3.1%. On average, women with 

a hip fracture were older at recruitment (mean (SD): 62.1 (8.0) years for cases vs 51.8 (9.1) years for 

non-cases), more likely to be post-menopausal, less likely to have degree-level education, and less 

likely to be married. BMI and height at recruitment were similar in cases and non-cases. Prevalence of 

CVD, cancer, or diabetes at recruitment was higher in cases (126 (15.0%) than in non-cases (2262 

(9.0%)). Dietary characteristics including energy intake and protein, calcium, and vitamin D intakes 

were similar in cases and non-cases, as was use of any nutritional supplements. Other food and 

nutrient intakes of the included participants at recruitment are summarised by hip fracture incidence 

in Additional file 1: Table S. Across BMI subgroups, hip fracture rates were higher in underweight 

women (28 cases/545 participants) than in healthy weight (514 cases/16,659 participants) or 

overweight women (280 cases/9114 participants). Characteristics of the cohort at recruitment were 

similar when including or restricting to the 3923 women with missing covariate data (Additional file 1: 

Table S6).  

Main results 

Amongst primary foods and nutrients investigated, a 25 g/day increment in dietary protein intake was 

associated with a reduced risk of hip fracture in the adjusted model (0.86 (0.73, 1.00); Fig 1). One extra 

cup per day of tea or coffee was also inversely associated with hip fracture risk in the adjusted model 

(0.96 (0.92, 0.996)). There was no clear evidence of an association between hip fracture risk and 

dietary calcium (per 300 mg/day), vitamin D (per µg/day), or any other food intakes in adjusted 

models.  
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Restricted cubic spline models showed no evidence of non-linear associations between dietary intake 

of calcium, fruits and vegetables combined, fruits, vegetables, tea and coffee combined, tea, and 

coffee and hip fracture risk (Additional file 1: Figs S4-S6).  

Among secondary foods and nutrients, after adjusting for confounders, a 10 g/day increment in fat 

intake was associated with an higher risk of hip fracture (1.04 (1.00, 1.08)). There was no clear 

evidence of associations of other secondary foods or nutrients with hip fracture risk.  

Subgroup analyses 

BMI modified linear associations between increments in dietary protein (25 g/day) and calcium (300 

mg/day) intakes and hip fracture risk (pinteraction= 0.02 and  pinteraction = 0.002, respectively; Fig 2). A 25 

g/day increment in protein intake was associated with a reduced risk of hip fracture in underweight 

women, but less so in healthy or overweight women. A 300 mg/day increment in dietary calcium 

intake was associated with a reduced risk of hip fracture in underweight women only. Whilst there 

was no evidence of an overall association between vitamin D intake and hip fracture risk, there was 

some evidence for a more potential protective association in underweight women (pinteraction= 0.07).  

BMI also modified linear associations between hip fracture risk and dietary intake of total dairy, milk, 

and tea (pinteraction = 0.003, pinteraction = 0.001, and pinteraction = 0.003, respectively). Increments of 105 

g/day of total dairy, 240 ml/day of milk, and 260 ml/day of tea were associated with reduced risks of 

hip fracture in underweight women only. In analyses of secondary foods and nutrients, BMI modified 

linear associations between dietary intake of vitamin B2, vitamin B12,  and zinc hip fracture risk 

(pinteraction = 0.02, pinteraction= 0.03, and pinteraction= 0.02, respectively; Table S8). There was no clear 

evidence of a non-linear association between any food or nutrient intake and hip fracture risk in any 

BMI category (Additional file 1: Figs S7-S9). Results of other subgroup analyses by age, menopausal 

status, SES, smoking status, physical activity, and use of nutritional supplements are presented and 

described in Additional file 1: Tables S9-14 and Supplementary results.  
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Sensitivity analyses 

All adjusted estimates remained broadly unchanged across most sensitivity analyses, though excluding 

participants on long-term treatment for illness changed the association of total fish intake with hip 

fracture risk from 0.81 (0.55, 1.19) to 1.16 (0.74, 1.82) (Additional file 1: Table S15). 



 

14 

 

Table 1: Characteristics of UK Women’s Cohort Study participants at recruitment by hip fracture incidence.  

Characteristics, n (%) or M (SD) Total Cases Non-cases 

Participants (%) 26318 822 (3.1) 25496 (96.9) 

Socio-demographics    

Age, years (SD) 52.1 (9.2) 62.1 (8.0) 51.8 (9.1) 

Degree-level education (%) 6502 (26.8) 155 (22.2) 6347 (27.0) 

Socio-economic status    

Professional or managerial (%) 19057 (72.4) 565 (68.7) 18492 (72.5) 

Intermediate (%) 2440 (9.3) 111 (13.5) 2329 (9.1) 

Routine or manual (%) 4821 (18.3) 146 (17.8) 4675 (18.3) 

Married (%) 20268 (77.0) 586 (71.3) 19682 (77.2) 

White ethnicity (%) 25992 (98.8) 815 (99.1) 25177 (98.7) 

Lifestyle    

Exercise, hours/day (SD) 0.2 (0.5) 0.2 (0.4) 0.2 (0.5) 

Smoking status    

 Current (%) 3513 (13.3) 112 (13.6) 3401 (13.3) 

 Former (%) 7947 (30.2) 255 (31.0) 7692 (30.2) 

 Never (%) 14858 (56.5) 455 (55.4) 14403 (56.5) 

Alcohol consumption    

 >1 serving/week (%) 13918 (52.9) 389 (47.3) 13529 (53.1) 

 ≤ 1 serving/week (%) 9290 (35.3) 280 (34.1) 9010 (35.3) 

 Never (%) 3110 (11.8) 153 (18.6) 2957 (11.6) 

Nutritional supplementation (%) 14009 (53.2) 425 (51.7) 13584 (53.3) 

Anthropometrics    

BMI, kg/m2 (SD) 24.4 (4.2) 24.2 (4.3) 24.4 (4.2) 

< 18.5 (%) 545 (2.1) 28 (3.4) 517 (2.0) 

18.5 – 24.9 (%) 16659 (63.3) 514 (62.5) 16145 (63.3) 

≥ 25 (%) 9114 (34.6) 280 (34.1) 8834 (34.6) 

Height, m (SD) 1.6 (0.1) 1.6 (0.1) 1.6 (0.1) 

Diet and nutritional intake    

Dietary pattern    

  Regular meat-eater (%) 12221 (46.4) 394 (47.9) 11827 (46.4) 

  Occasional meat-eater (%) 6902 (26.2) 247 (30.0) 6655 (26.1) 

  Pescatarian (%) 3377 (12.8) 80 (9.7) 3297 (12.9) 

  Vegetarian (%) 3818 (14.5) 101 (12.3) 3717 (14.6) 

Energy, kcal/day (SD) 2300 (654.8) 2346 (696.6) 2298 (653.4) 

Fruits and vegetables, g/day (SD) 648.7 (299.8) 679.5 (313.0) 647.7 (299.4) 

Fruit, g/day (SD) 377.4 (227.3) 395.1 (231.9) 376.9 (227.1) 
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Vegetables, g/day (SD) 271.3 (139.0) 284.4 (146.3) 270.9 (138.7) 

Total meat, g/day (SD) 86.5 (81.2) 87.5 (77.4) 86.4 (81.3) 

Total fish, g/day (SD) 33.7 (29.6) 36.1 (30.6) 33.6 (29.6) 

Total dairy, g/day (SD) 412.8 (213.6) 432.7 (218.5) 412.1 (213.5) 

Milk, ml/day (SD) 304.1 (190.0) 317.5 (198.0) 303.6 (189.7) 

Yogurt, g/day (SD) 59.6 (68.2) 61.0 (67.5) 59.5 (68.2) 

Cheese, g/day (SD) 27.4 (27.6) 26.7 (34.8) 27.5 (27.4) 

Tea and coffee, cups/day (SD) 5.0 (2.2) 4.8 (2.2) 5.0 (2.2) 

Tea, cups/day (SD) 3.0 (2.0) 3.0 (2.0) 3.0 (2.0) 

Coffee, cups/day (SD) 2.0 (1.8) 1.8 (1.7) 2.0 (1.8) 

    

Protein, g/day (SD) 88.1 (26.3) 89.7 (27.2) 88.1 (26.2) 

Calcium, mg/day (SD) 1135 (365.4) 1160 (377.1) 1134 (365.0) 

Vitamin D, µg/day (SD) 3.1 (1.7) 3.4 (1.8) 3.1 (1.7) 

Other    

Menopausal status    

 Postmenopausal (%) 14611 (55.5) 734 (89.3) 13877 (54.4) 

 Premenopausal (%) 11707 (44.5) 88 (10.7) 11619 (45.6) 

 ≥ 1 children (%) 20723 (78.7) 667 (81.1) 20056 (78.7) 

Prevalence of CVD, cancer, or diabetes (%) 2388 (9.1) 126 (15.3) 2262 (8.9) 

Nutritional intakes are from diet sources only and do not include supplementary sources. M (SD): mean (standard 

deviation); BMI: body mass index; CVD: cardiovascular disease. 
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Fig 1: Associations between dietary intake of foods, nutrients and risk of hip fracture in UK Women’s Cohort Study participants. Unadjusted and adjusted models were based 

on 26,318 women with 822 hip fracture cases (556,331 person-years), and both controlled for age. All adjusted models were also adjusted for (all at recruitment): ethnicity (white, Asian, 

black, other), socio-economic status (SES; professional/managerial, intermediate, routine/manual), marital status (married/living as married, separated/divorced, single/widowed), 

menopausal status (premenopausal, postmenopausal), number of children (continuous), prevalence of cardiovascular disease, cancer, or diabetes (yes, no), physical activity in hours per day 
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(continuous), smoking status (current, former, never), alcohol intake (> 1/week, ≤ 1/week, never), height (continuous), weight (continuous), and use of any nutritional supplements (yes, no). 

Models with food exposures were mutually adjusted for other major foods and beverages. Models for protein, calcium, and vitamin D intakes were adjusted for carbohydrates (excluding 

sugar and fibre), fibre, sugar, saturated fat, monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) intakes, and were mutually adjusted for one-another. HR (95% CI): 

hazard ratio (95% confidence interval).
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Figure 2: Associations between dietary intake of foods, nutrients and risk of hip fracture in UK Women’s Cohort Study participants by body mass index (BMI). All models 

were adjusted for (all at recruitment): ethnicity (white, Asian, black, other), socio-economic status (SES; professional/managerial, intermediate, routine/manual), marital status (married/living 

as married, separated/divorced, single/widowed), menopausal status (premenopausal, postmenopausal), number of children (continuous), prevalence of cardiovascular disease, cancer, or 

diabetes (yes, no), physical activity in hours per day (continuous), smoking status (current, former, never), alcohol intake (> 1/week, ≤ 1/week, never), and use of any nutritional supplements 
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(yes, no). Models with food exposures were mutually adjusted for other major foods and beverages. Models for protein, calcium, and vitamin D intakes were adjusted for carbohydrates 

(excluding sugar and fibre), fibre, sugar, saturated fat, monounsaturated fatty acids (MUFA), and polyunsaturated fatty acids (PUFA) intakes, and were mutually adjusted for one-another. HR 

(95% CI): hazard ratio (95% confidence interval). 
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Discussion 

Principal findings 

In this prospective cohort of middle-aged UK women, there was suggestive evidence of inverse 

associations between intake of dietary protein, tea and coffee, and hip fracture risk, though 

confidence intervals were wide for protein, and a large number of exposures were considered. There 

was no clear evidence of overall associations between hip fracture risk and dietary intake of calcium, 

vitamin D, or animal foods, including meat, fish, eggs, and dairy products. Subgroup analyses showed 

suggestive evidence of effect modification by BMI for dietary protein, calcium, total dairy, milk, and 

tea intakes, where inverse associations were stronger in underweight women.  

Comparison with other studies 

There is limited prospective evidence of associations between consumption of many foods and 

nutrients and hip fracture risk (9). This study provides further information on relationships of 37 foods, 

beverages, or nutrients with hip fracture risk.  

The inverse association between dietary protein intake and hip fracture risk observed here is largely 

consistent with previous evidence (12, 41-43). A meta-analysis of observational studies reported a 

lower risk of hip fracture with higher protein intakes in adults (41). A more recent study of US adults 

showed an inverse association in men but not women, though an inverse association was observed 

when restricted to women < 65 years old at recruitment, which resembles the age range of the women 

in the UKWCS at recruitment (43). We found that the association for protein was more pronounced in 

underweight women. Similarly, a recent case-control study in Chinese adults showed an inverse 

association for protein intake with hip fracture risk that was more evident in those with a lower BMI 

(42).  
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We found a small reduction in hip fracture risk for each additional cup of tea or coffee consumed daily, 

where the association for tea was stronger in underweight participants. Similarly, a meta-analysis of 

Western studies found that individuals consuming 1-4 cups per day of tea were at a lower risk for hip 

fracture than non-consumers (44). In contrast, two meta-analyses found no clear association between 

coffee consumption and hip fracture risk (44, 45). The majority of studies included in those meta-

analyses had insufficient power to detect small associations, and had follow-up durations that may 

have been too short for a long-term effect of regular tea and coffee consumption to be observed. In 

the more recently published Singapore-Chinese Health study, an higher risk of hip fracture was 

observed in men and women with intakes of coffee exceeding four cups per day compared to those 

that drank coffee less than once per week (34). An elevated risk of hip fracture at high coffee intakes 

was not observed here, possibly due to the lower mean coffee consumption in the UK Women’s 

Cohort (2 cups per day).  

In line with our previous umbrella review (9), we found no clear evidence of overall associations 

between hip fracture risk and dietary intake of calcium, vitamin D, or several animal foods. A 

systematic review also showed no association between dietary intake of calcium, milk, or total dairy 

and risk of hip fracture (46). In contrast to our results, meat consumption has been associated with a 

reduced risk of hip fracture in an American cohort (24). However, that study identified hip fracture 

cases through a self-administered questionnaire, which is more prone to selective drop-out than 

objective record linkage used here, or this could reflect differences in type of meat consumed between 

the cohorts.  

Possible explanations and implications 

The potential linear dose-response relationship between protein intake and hip fracture risk could be 

explained by the positive effects of protein on bone and muscle properties that decline with age. 

Protein has been positively associated with BMD directly (47), and stimulates insulin-like growth 
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factor-1 (IGF-1) production which increases formation of osteoblasts, is positively associated with 

BMD, and is negatively associated with risk of fractures (43, 48, 49). Higher protein intakes also 

contribute to adequate muscle mass, which may reduce risk of fall-related hip fractures, which 

account for 90% of all hip fractures (11, 50, 51). The association between protein intake and hip 

fracture risk was stronger in underweight women. Given that BMD and muscle mass may decrease 

with BMI (26, 52), protein may be particularly important in contributing to adequate bone and muscle 

health, mitigating the increased risk of hip fracture observed with particularly low BMD or muscle 

mass (10, 11). However, statistical power here was limited in underweight participants, and 

information on BMD and muscle mass was not available. Further research is needed to confirm if the 

association depends on body weight and body composition, in particular BMD.  

Tea and coffee are high in biologically active compounds such as polyphenols and phytoestrogens, 

particularly catechins, which may enhance osteoblast activity and suppress osteoclastic activity by 

reducing oxidative stress, resulting in higher BMD and lower risk of hip fracture (44). A stronger 

association was observed for tea consumption in underweight women; tea could help to mitigate the 

low BMD-induced increase in hip fracture risk that may be more prominent at a lower BMI (26). 

Further research is needed to clarify associations between tea and coffee consumption and hip 

fracture risk, and should determine if associations depend on the type of tea or coffee consumed and 

the amount of milk or sugar added, since polyphenol and nutrient contents vary (53).  

We observed inverse associations between hip fracture risk and dietary intake of calcium, vitamin D, 

milk, and total dairy in underweight women only. Calcium is the dominant mineral in bone and vitamin 

D aids its absorption (54). Total calcium intake and serum vitamin D levels may be independently 

associated with higher BMD (13, 55), and therefore could reduce risk of hip fracture when BMD levels 

are very low, as may be the case in underweight women (26, 56). The abundance of protein, calcium, 

and vitamin D in dairy products could also explain the inverse association of total dairy and milk intakes 
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with hip fracture risk in underweight women. However, effects of dietary calcium and vitamin D on 

BMD are less clear, and when determining their associations with hip fracture risk, we could not 

account for non-dietary sources, including supplements and sunlight exposure, which may modify 

associations. We also had insufficient power to precisely estimate these associations in the 

underweight group. Further research is needed to confirm the role of dietary calcium, vitamin D, and 

foods such as dairy products in which these nutrients are abundant on hip fracture risk with non-

dietary sources accounted for, particularly in underweight women who may have lower BMD.  

Strengths and limitations 

The large sample size facilitated good statistical power to precisely estimate associations between 

several foods, nutrients, and hip fracture risk. The large number of foods and nutrients considered 

increased the risk of a type-one error, but we pre-specified hypothesis-testing primary exposures and 

hypothesis-generating secondary exposures to reduce this risk. We identified hip fracture cases by 

linking participants’ dietary and lifestyle data with their hospital records, which reduced reporting 

error and selective drop-out over a long follow-up duration.  

We were unable to differentiate between fragility and traumatic hip fractures due to a lack of data on 

the cause of hip fractures. Whilst we excluded participants with a previous hip fracture at recruitment 

based on hospital records, this was likely an incomplete exclusion, since the questionnaire did not ask 

about history of fractures, and hospital data of records before 1997 was not available. Of other 

limitations, BMI was calculated based on self-reported height and weight, implying potential 

measurement error. Additionally, the low number of underweight women in this study limited 

statistical power to precisely estimate associations between foods, nutrients, and hip fracture risk in 

that group. We adjusted for all potential confounders, but residual confounding remains possible. For 

example, we could not adjust for calcium or vitamin D supplementation, which could mask true 

relationships between hip fracture risk and dietary calcium and vitamin D in particular. Whilst we 
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adjusted for alcohol consumption, we were unable to differentiate between moderate and heavy 

drinkers, who may be at different risks of hip fracture (9). A validated FFQ was used  to measure food 

and nutrient intake at recruitment only, meaning any changes in food and nutrient intake over time 

were not captured, potentially resulting in attenuated estimates. Our results may not apply to men or 

other ethnic groups, and UKWCS participants may be healthier on average than the UK population 

due to a healthy participant bias, reducing generalisability.  

Conclusion 

In this prospective cohort of middle-aged UK women, findings suggest that a higher protein intake and 

consumption of tea and coffee may each independently reduce risk of hip fracture in a linear dose-

response manner, though confidence intervals were wide for protein, and a large number of 

exposures were considered. There was no clear evidence of overall associations between hip fracture 

risk and dietary intake of calcium, vitamin D, or animal products, but there was some evidence of 

stronger inverse associations in underweight women for these foods and nutrients. The potential roles 

of some foods and nutrients in hip fracture prevention, particularly protein, tea and coffee in 

underweight women, merit confirmation in further cohort studies and randomised controlled trials to 

enable the formulation of dietary recommendations for reducing hip fracture risk.  
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