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Abstract: Hip fractures are a major health issue considerably impacting patients’ quality of life
and well-being. This is particularly evident in elderly subjects, in which the decline in bone and
muscle mass coexists and predisposes individuals to fall and fracture. Among interventions to
be implemented in hip fractured patients, the assessment and management of nutritional status is
pivotal, particularly in subjects older than 65. Nutrition plays a central role in both primary and
secondary preventions of fracture. An adequate protein intake improves muscle mass and strength
and the intestinal absorption of calcium. Other nutrients with recognized beneficial effects on bone
health are calcium, vitamins D, K, and C, potassium, magnesium, folate, and carotenoids. With
reference to calcium, results from longitudinal studies showed that the consumption of dairy foods
has a protective role against fractures. Moreover, the most recent systematic reviews and meta-
analyses and one umbrella review demonstrated that the combination of calcium and vitamin D
supplementation significantly reduces hip fracture risk, with presumed higher efficacy in older and
institutionalized subjects. Owing to these reasons, the adequate intake of calcium, vitamin D, protein,
and other macro and micronutrients has been successfully implemented in the Fracture Liaison
Services (FLSs) that represent the most reliable model of management for hip fracture patients. In
this narrative review, papers (randomized controlled trials, prospective and intervention studies,
and systematic reviews) retrieved by records from three different databases (PubMed, Embase, and
Medline) have been analyzed, and the available information on the screening, assessment, and
management of nutritional and vitamin D status and calcium intake in patients with hip fractures is
presented along with specific prevention and treatment measures.

Keywords: osteoporosis; fragility fracture; falls; cholecalciferol; calcium carbonate; calcium citrate;
calcium intake

1. Introduction

The prevalence of osteoporosis and related fragility fractures is steadily rising world-
wide [1]. Among fragility fractures, hip fractures represent a major health concern, es-
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pecially in the aging population, namely over the age of 65, and are often the result of
falls [2]. Hip fracture is an often-devastating event, likely leading to a hampered quality
of life, disability, associated complications, impact on a person’s overall well-being, and
increased risk of mortality [3]. Preventative measures and effective treatment are essential
for reducing the incidence of these fractures, preventing further fractures, and improving
quality of life for those who experience them [4]. Understanding the epidemiology and
consequences of hip fractures is essential for healthcare planning, preventive measures,
and addressing the specific needs of populations at higher risk.

Public health initiatives and policies aimed at reducing the incidence of hip fractures
have to target osteoporosis prevention, fall prevention, and improve the overall well-
being of the elderly population. Once a major fragility fracture such a hip fracture has
occurred, proper treatment with antiosteoporotic agents becomes mandatory as a secondary
prevention strategy for further fractures, the risk of which is imminently high right in
the first two years after the first event [5]. Unfortunately, the minority of people who
experience a hip fracture are evaluated and begin proper therapy. The treatment gap in
osteoporosis refers to the significant discrepancy between the number of people who have
osteoporosis or are at high risk of fractures and those who actually receive appropriate
diagnosis, treatment, and management for their condition [6]. This gap is a major concern in
healthcare for several reasons, contributing to increased rates of fractures, higher healthcare
costs, and decreased quality of life for those affected.

Regarding the secondary prevention of fractures, Fracture Liaison Services (FLSs),
primarily borne within tertiary clinical centers around the patient with a hip fracture,
represent coordinated, multidisciplinary systems designed to identify, diagnose, treat, and
manage the care of patients with osteoporotic fractures, with the ultimate goal of preventing
subsequent fractures [7]. As a critical component of integrated care for patients suffering
from fractures, especially those at risk of osteoporosis or subsequent fractures, the FLS
plays a pivotal role in addressing what is often an under-recognized and under-treated
condition. Despite the clear evidence of the cost-effectiveness of the FLSs where applied,
they are not routinely supported with specific resources by healthcare systems.

Nutrition plays a pivotal role in the health and functionality of the musculoskele-
tal system in elderly individuals, directly impacting their mobility, strength, and risk of
falls [8]. The derangement from aging to frailty is often accompanied by an accelerated
decline in muscle mass and bone density, leading to a pathological condition known as
sarco-osteoporosis. These changes can significantly increase the risk of falls, fractures, and
subsequent disabilities, highlighting the importance of nutritional and exercise strategies
to mitigate these risks. In particular, nutrition plays a pivotal role in the primary and sec-
ondary prevention of osteoporosis and fragility fractures [9] (Figure 1). A good nutritional
condition is correlated to better musculoskeletal health in all ages, along with a decrease in
the probability of falls and subsequent fractures [9] (Figure 1). Nutritional status is often
compromised in elderly people, so that the typical patient with a hip fracture, the risk of
which exponentially rises after 65 years of age in both sexes with more than 75% occurring
in people older than 75 years, is often nutritionally impaired.

Nutritional status can be evaluated by general nutritional questionnaires, especially
formulated for elderly people, as well as vitamin D status and calcium intake assessments.
These factors are often neglected in the majority of patients, especially in aged patients
after a fragility fracture, so that both patients and care givers are not usually sufficiently
educated on the importance of a proper diet and how to manage to achieve it.
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Figure 1. The optimization of nutrition, calcium intake, and vitamin D status is a multimodal
approach which can intervene at various stages in the prevention of falls and related hip fragility
fractures, recovery from hip fracture, and the prevention of further fractures, along with proper
antifracture drugs and related disability.

The correction of vitamin D status by vitamin D supplementation, even besides
baseline vitamin D levels as assessed at the moment of fracture, is mandatory in patients
after a major fragility fracture, in order to commence proper treatment early [9]. Indeed,
despite the worldwide increase in the consumption of vitamin D supplements in the
general population, their use remains low in patients experiencing fragility fractures and,
in particular, at the moment of a hip fracture. Mineral intake, and calcium intake in
particular, is fundamental for proper bone repair, to optimize the mineralization process
and to favor the action of anti-osteoporotic medications. In addition, it has been proven
that adverse events, such as hypocalcemia, common for most potent antiresorptives, are
less frequent when calcium ingestion is adequate. Calcium intake, which would have
always to be optimized in parallel to the improvement in vitamin D status, is usually not
systematically evaluated by specific questionnaires, nor have specific interventions been
applied systematically in the general management of these patients.

In this review, we will explore the state of the art on the assessment of calcium
intake, nutrition, and vitamin D status in patients before and after a hip fracture and
analyze whether systematic specific interventions have been undertaken to optimize these
parameters in these individuals.

2. Methods
For this narrative review, data from three different databases (PubMed, Embase and

v

Medline) were retrieved using the following key words: “hip fracture”, “osteoporosis”,

/a7 7o o

“vitamin D”, “serum 25(OH)D”, “calcium intake”, “nutrition”, “malnutrition”, “protein in-
take”, “falls”, “disability”, “mortality”, “vitamin D status”, “calcium intake questionnaire”,
“elderly”, and “elders”, using “AND”/“OR” operators as appropriate.

Randomized controlled trials (RCTs), prospective and intervention studies, systematic
reviews, and meta-analyses in the English language, mainly focusing on the literature of
the last 10 years up to December 2023, were considered.

Abstracts were reviewed by 3 reviewers (CC, BG, and CL) and only main papers
and reviews referring to the prevention of hip fractures and the assessment/treatment of
patients with hip fractures and published in English were considered.

3. Nutrition and Hip Fracture

In elderly people, a number of physiological factors, such as a loss of appetite, chewing
problems, dysphagia, reduced mobility, and psychological problems, and environmental
factors, such as mourning, social isolation, and economic problems, can influence eating
habits with advancing age [10-12].
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People’s overall well-being is closely related to nutritional status. Regarding mus-
culoskeletal health, it is crucial to ensure in the elderly an adequate protein intake, as
proteins are involved in bone mineral metabolism and are able to improve bone matrix
protein collagen [13]. The European Society for Clinical Nutrition and Metabolism (ESPEN)
recommended for older adults with acute or chronic illnesses 1.2 to 1.5 g protein/kg body
weight/day, increasing the intake in the case of more serious illnesses [14] in order to avoid
a progressive loss of lean mass, determined by a nitrogen imbalance [15]. In addition, it
appears that an increased protein intake may promote the growth of muscle mass and
strength in the lower limbs and increase the intestinal absorption of calcium [16,17].

A poor diet can trigger a range of both physical and mental problems, increasing
the risk of conditions such as osteoporosis and falls and recurrent falls [18,19]. These
difficulties can contribute to malnutrition due to limited food and fluid intake and due to
the difficulty of meeting recommended nutritional requirements. Malnutrition per se is
widely recognized for its detrimental effects on various physiological systems, which can
lead to increased complications after surgery and increased mortality rates [20]. During
the aging process, there is a decrease in the intake of macronutrients and micronutrients,
and a decrease in the adherence to a healthy diet, which would allow one to maintain bone
mineral mass [21]. Usually, a healthy diet is characterized by a high consumption of whole
grains, fruits, vegetables, and legumes that are rich in the micronutrients, such as calcium,
vitamin K, potassium, magnesium, vitamin C, folate, and carotenoids, necessary for bone
health [22]. Several studies have shown that a high adherence to the Mediterranean diet,
ensuring an adequate intake of calcium and vitamin D through food, correlates with a
low risk of hip fractures in the elderly [23-26]. In contrast, other types of different dietary
patterns, such as the Western diet, rich in red meat, processed meat, poultry with skin,
animal organ meat, cooking oil, soft drinks, hamburgers, hotdogs, ice cream, doughnuts,
margarine, and butter [27], and certain nutrients such as saturated fatty acids and trans fatty
acids, have been shown to be associated with higher levels of inflammation. Consequently,
the inflammatory component of the diet may increase the risk of hip fractures in the elderly
population without a gender difference [28,29].

As for the role of proteins, scientific evidence demonstrates that a high dietary protein
intake is important for fall prevention in old people [30] and it is associated with a low risk
of hip fractures [31]. Recently, interesting evidence has been found by Hayashi et al. [32],
who show that not only total protein intake but a more frequent consumption of meals
with adequate amounts of protein (>20 g or >30 g) may represent a potential strategy
to oppose the age-related loss of muscle mass and function, especially in frail and pre-
fragile individuals.

In the UK’s Women'’s Cohort Study, including 26,318 women aged 35-69 years, with
822 hip fracture episodes retrieved by hospital records in the >20-year follow-up, an
increased intake of protein, calcium, total dairy, and milk was associated with a 45% lower
risk of hip fracture for every 25 g/day protein consumed in underweight individuals [33].
In a further analysis of the same cohort, vegetarian women displayed higher risks of hip
fracture with respect to regular meat eaters [34]. These findings, although not yet confirmed
in males and in other non-European populations, highlight the importance of certain diets
and proper nutrition with certain type of foods.

On admission to a hospital, nursing home, or during outpatient follow-up, as in the
case of people experiencing a hip fracture, it is important to assess the patient’s nutritional
status. According to the ESPEN guidelines, nutritional status should be diagnosed with
standard screening tools, such as the Mini Nutrition Assessment (MNA), Nutrition Risk
Screening 2002 (NRS), or the Malnutrition Universal Screening Tool (MUST) [1,35].

Upon admission to the hospital, traditional anthropometric measurements such as
weight or body mass index do not allow for the easy identification of the patient.

Therefore, screening malnutrition in older people with simple tools can be critical for
early diagnosis and can direct targeted nutritional interventions to improve postoperative
outcomes. According to epidemiological data, malnutrition prevalence in hospitalized
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elderly patients ranges from 20 to 50% [36]. The prevalence of malnutrition is lower,
between 2 and 32%, among the elderly residing with family, and increases with age [10,37].
In addition, one year after hip surgery, patients with malnutrition have a significantly
increased risk of mortality [38].

Patients admitted to the hospital for a hip fracture showed a low intake of carbohy-
drates, proteins, fats, certain vitamins, and minerals. The majority of these patients were
getting less than the recommended minimum intake, especially for selenium, magnesium,
iron, folate, calcium, and zinc [39].

The maintenance of good nutritional status in these patients is necessary in order
for them to meet their energy requirements. Oral nutritional supplementation (ONS) is
generally used during rehabilitation in hip fracture patients with the aim of increasing
energy and protein intake, but no convincing effect on mobility, independence, muscle
strength, or muscle function has been observed [40].

Several interventions have been proposed to improve nutrition in hip fracture pa-
tients, such as not-otherwise-specified enteral nutrition, which seems to have benefits in
decreasing postoperative interleukin-6 levels, which could be related to a reduction in time
spent in bed and an improved quality of life [41]. Nonetheless, contradictory results are
available on the nutritional support via a nasogastric tube, since this procedure has not
shown promising results in these patients [42].

In a multicenter randomized controlled trial (RCT), Wyers et al. monitored patients
for three months after a hip fracture, with weekly nutritional counselling and intervening
with an energy- and protein-rich diet and using ONS [43]. The study showed no effect
on lifespan, postoperative complications, or functional parameters, nor on fracture and
mortality rates at 1 and 5 years [43]. Recently, Iuliano et al., in another RCT, tested a
nutritional intervention with high-calcium dairy foods to increase calcium and protein
intake and calcium in institutionalized elderly people, as detailed later in this paper,
demonstrating a reduction in falls, total fractures, and hip fractures [44].

It seems that interventions that just administer supplements are insufficient and un-
able to improve clinical outcomes [45]. Indeed, in patients with hip fracture, no positive
effects were found even by intervening with just taurine supplementation [46], a semi-
essential amino acid with antioxidant action in humans. Bell et al. showed that offering
individualized, multidisciplinary, multimodal care involving different professionals such
as orthopedists, dietitians, and nursing staff can break down the barriers that cause re-
duced food intake, and is a key strategy for improving clinical outcomes [47]. Involving a
nutritionist and nurses with specific expertise in nutrition has been found to correlate with
an increased intake of energy, protein, and supplements [48,49]. These studies demonstrate
that a multidisciplinary approach is essential for reducing malnutrition in hospitalized
patients. Such a multidisciplinary approach was found to be effective in counteracting the
increased incidence of malnutrition after discharge.

The elderly also experience recurrent falls, which seems to be associated with fatigue,
reduced strength, and muscle quality. Therefore, important strategies that are able to work
directly on the muscle and preserve it have the potential to improve results. Significant
improvements in function and disability reduction in these patients have been achieved by
combining structured exercise programs with essential amino acid supplementation [50].
In a cohort study of community-dwelling patients, these conditions appear to be related to
nutritional deficiencies and lower hemoglobin levels [51]. Consistent with low hemoglobin
levels, there is a reduction in transported oxygen, leading to a reduction in muscle function
and occasional falls.

It seems that one of the strategies to ensure greater patient well-being and improve
outcomes is to intervene with a multidisciplinary approach, underlying that fractures are
not only an orthopedic issue.

In fact, due to limited access to osteoporosis treatment, several targeted care programs
have been designed for patients with this condition and fragility fractures. Programs such
as the FLS were implemented to reduce the lack of attention and care for patients with
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fragility fractures. It seems to result as an effective model; scientific evidence shows that
there was increased adherence to medication use, increased exercise, decreased falls, and an
increased intake of adequate calcium, vitamin D3, and protein [52,53]. In addition, one-year
mortality rates were generally low [54], and the overall re-fracture rate was lower than
that reported in previous studies. Currently, the best way to intervene with the dosage
of nutritional supplementation, the ideal duration of interventions, and the frequency
of nutritional counseling remain unclear. Adherence to the nutritional supplementation
regimen and intervention is highly variable, depending on the duration and modality of
supplementation [55].

4. Vitamin D Status and Hip Fractures

Hypovitaminosis D is extremely common in hip fracture patients. The overall preva-
lence of vitamin D deficiency is reported by studies performed in different countries in
the range of 46-92%, depending on the series and thresholds of the serum 25(OH)D used
to define deficiency [56—67]. Additionally, results from recent systematic reviews and
meta-analyses corroborated the hypothesis that low serum 25(OH)D levels represent a
risk factor for hip fracture [68-72]. The main results from the meta-analyses published in
the last ten years on this topic and on the association between serum 25(OH)D levels and
post-fracture outcomes are summarized in Table 1.

Table 1. Summary of the meta-analyses of observational studies assessing the association between
serum 25-hydroxy-vitamin D [25(OH)D] levels and hip fracture risk and post-fracture outcomes
published from 2014 to 2024.

Author and Year

Design of Included

Primary Outcome

of Publication Studies Population Measure/s Results
- Significant increased hip fracture risk [RR 1.58
(1.41, 1.77)] in subjects with the lowest vs. the
highest serum 25(OH)D levels (15 studies,
Association 51,239 participants);
. between serum - Subgroup analysis by gender, age, location, type
Lvetal,2017[68] P t hort dult group ana’ysis by gender, age, YP
vetal, 2017 [68] rospective cohor acuts 25(0OH)D levels and of study, and follow-up confirmed the
hip fracture risk main results;
- The dose-response meta-analysis showed that
the increased hip fracture risk is significant when
serum 25(OH)D levels are <60 nmol /L.
- Significant increased hip fracture risk (RR 1.48,
Association 95% CI 1.29-1.68) in subjects with low serum
Fengetal., Prospective dult between serum ES(t?H)D levells (.11 s}:ume;)imo i in hi
2017 [72] cohort, case—control adults 25(0H)D levels and - ubgroup analysis showe o increase in hip
hip fracture risk fracture risk for any SD decrease in serum
25(OH)D levels (RR 1.40, 95% CI 1.20-1.61)
(3 studies).
- Significant 20% decrease in hip fracture risk (RR,
L. 0.80; 95%ClI, 0.75-0.86) for any 10 ng/mL increase
Association ) .
Yao et al., Prospective adults between serum g; Slzrlum 2§(QH)D l.evels (11 studies,
2019 [73] cohort, case—control 25(0OH)D levels and 4 part1c1pan't s); . .
hip fracture risk - Subgroup analysis by study design, age, location,
follow-up, and baseline 25(OH)D levels showed
no significant difference.
- Significant increased hip fracture risk [adjusted
relative risk (95% CI) 0.89 (0.80, 0.98)] in
Association association with low serum 25(OH)D levels
Wang et al., . between serum (13 studies, 24,220 participants);
P t hort s /
2020 [69] rospective cohor >60 years 25(OH)D levels and - Subgroup analysis by gender, location, and
hip fracture risk starting time of the study confirmed results for

studies performed in Europe, US, and
before 2010.
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Table 1. Cont.

Author and Year  Design of Included Population Primary Outcome Results
of Publication Studies P Measure/s
Significant increased hip fracture risk [OR 1.80
(95% CI1.56-2.07, p < 0.001)] in subjects with low
Association vs. those with high 25(OH)D serum levels
Ghahfarrokhi Case—control, elderl between serum (28 studies, 61,744 participants);
etal., 2022 [70] cohort, retrospective y 25(OH)D levels and Subgroup analysis by study design, gender,
hip fracture risk sample size, follow-up, study period, NOS score,
and geographical location confirmed the
main results.
No significant relationship between the ability to
walk and vitamin D deficiency (OR 0.68, 95% CI
Association 0.31-1.53) (3 studies, 586 participants);
between serum No significant relationship between the length of
. 25(OH)D levels and stay in the hospital and vitamin D deficiency
Llo;al;;r[; iﬁ al,, rlzfss;gg 5;:(1;}?5; >50 years re-habilitation and (MD 2.27, 95% CI — 2.47 to 7.01) (3 studies,
functional status in 1395 participants);
subjects with hip Significant relationship between a worse quality
fracture of life and functional ability and vitamin D
deficiency (SMD —1.50, 95% CI —2.88 to —0.12)
(3 studies, 573 participants).
Significant increased risk of mortality [OR 1.24
(95% CI 1.05-1.46)] in subjects with vitamin D
insufficiency (9 studies, 4409 participants);
Association Analysis adjusted f.or. age, sex, serum glbgrgin
‘ between serum levels, and comorbidities showed no significant
Llombart et al., Prospective cohort, dult 25(0OH)D levels and association between low 25(OH)D levels and
2024 [75] retrospective cohort adults ( ) Levesan mortality;
P mortality in subjects v
y ) ; ;
with hip fracture Subgroup analysis by follow-up time showed
P A . .
significant increased mortality [OR 1.37
(1.06-1.77) and 1.78 (1.01-3.15)] in subjects with
vitamin D insufficiency after 1 and 2 years from
hip fracture, respectively.
Significant increased risk of mortality [HR 2.29
(95% CI 1.41-3.72)] in subjects with vitamin D
deficiency (14 studies);
No significant increased risk of mortality [HR
1.10 (95% CI 0.97-1.24)] in subjects with vitamin
Association D insufficiency (11 studies);
. between serum Subgroup analysis by location confirmed the
V\é?)rﬁ F; :]l" rzlt.rosssgzlt‘i]jeccoohlfg,t adults 25(OH)D levels and association between vitamin D deficiency and

mortality in subjects
with hip fracture

mortality in studies conducted in Europe [HR 2.4
(95% CI 1.28-4.52)], but not in America and
Australia;

Subgroup analysis demonstrated no significant
association between vitamin D deficiency and
recovery of walking ability [HR 1.77 (95% CIL
0.95-3.32)].

RR, relative risk; OR, odds ratio; NOS, Newcastle-Ottawa Scale; MDs, mean differences; SMDs, standardized
mean differences; HR, hazard ratio.

Lv et al. reported a pooled relative risk (RR) of hip fracture of 1.58 in association
with the lowest vs. the highest serum 25(OH)D levels in a meta-analysis of 13 prospective
cohort studies [68]. In particular, subgroup analysis demonstrated that hip fracture risk was
increased when low serum 25(OH)D levels were measured in women and subjects older
than 65 [68]. Similar results were described by Wang et al. in a meta-analysis of 13 cohort
studies in 24,220 patients (2831 with hip fractures) older than 60, in which higher relative
risks of hip fracture in association with low 25(OH)D levels were reported, with a RR of
1.25 in female subjects [69]. The analysis of the association between hip fracture risk and
the magnitude of serum 25(OH)D decrease showed interesting results, as well. Feng et al.
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reported a 40% increase in hip fracture risk for any SD decrease in serum 25(OH)D levels
in the subgroup meta-analysis of three prospective cohort and case-control studies [2,72].
Interestingly, Yao et al. described a 20% lower risk of hip fracture for any 10 ng/mL
increase in serum 25(OH)D concentration in a meta-analysis of 11 observational studies
with 39,141 participants aged 52-76, of whom 2367 had a hip fracture [73]. However,
heterogeneity among studies was reported [73]. A more recent systematic review and
meta-analysis of 28 studies performed in elderly subjects with a total of 9767 hip fractures
clarified that the fracture risk was increased in association with low 25(OH)D serum levels
when case—control, cohort, and case—cohort studies from different geographical areas were
considered [70].

With reference to post-surgical outcomes, retrospective and prospective studies from
several countries collectively showed worse functional recovery in association with lower
25(0OH)D concentration [77,78]. A secondary analysis of the Functional Outcomes in Car-
diovascular Patients Undergoing Surgical Hip Fracture Repair (FOCUS) Trial including
290 hip fractured subjects 65 and older undergoing surgery between 2004 and 2009 showed
reduced mobility in association with vitamin D deficiency before surgery [77]. More specif-
ically, preoperative serum 25(OH)D > 12 ng/mL were associated with 30- and 60-day
increased mobility [77]. Subsequent retrospective analyses confirmed the association be-
tween pre-surgical vitamin D deficiency and 6- or 12-month worse physical outcomes,
re-admission for medical issues, and re-fracture in elderly subjects [78-80]. More recently,
a meta-analysis of these and other studies in a total of 1972 hip fractured patients aged
78-84 demonstrated that vitamin D deficiency was associated with poorer quality of life
and functional ability after fracture, while it did not influence the walking ability and
length of stay in the hospital [74].

Retrospective and prospective studies reported inconsistent results as far as the pos-
sible role of pre-surgical vitamin D deficiency on mortality, as evaluated from 30 days to
3 years after hip fracture surgery [81]. Llombart et al. performed a meta-analysis of 9 cohort
studies in 4409 patients with hip fracture aged 74-87 and concluded that reduced 25(OH)D
levels were not associated with overall mortality when adjusting for confounders, such as
age or comorbidities. Nevertheless, vitamin D insufficiency [defined as serum 25(OH)D
between 20-29.9 ng/mL] and severe vitamin D deficiency [serum 25(OH)D < 10 ng/mL]
significantly increased mortality after a year and 60 days from hip fracture surgery, respec-
tively (Table 1) [75]. Wang et al. recently demonstrated significant associations between
vitamin D deficiency and mortality but not with functional recovery in hip fractured
subjects in a meta-analysis of 18 prospective and retrospective cohort studies (Table 1) [76].

Two recent studies focused on the possible role of vitamin D metabolites and vitamin
D binding protein (DBP) on hip fracture risk and post-surgical outcomes. In a post hoc
analysis of the Multi-Ethnic Study of Atherosclerosis, Hsu et al. used a composite of first hip
and vertebral fracture as the primary outcome and found that total 25(OH)D, PTH, FGF23,
and 24,25-dihydroxyvitamin D3 to 25-hydroxyvitamin D3 ratio were not independently
associated with fracture risk in community-dwelling adults [82]. Authors did not report
separate analysis for hip fracture in the study and acknowledged that the study was
conducted in a population with low fracture risk and high percentage of vitamin D-replete
individuals [82]. The post hoc analysis of the FOCUS trial reported significant associations
between higher pre-surgical serum DBP levels and better 30- and 60-day mobility and
lower 60-day mortality in a total of 260 hip fractured patients with a mean age of 81 [83].

In view of data gleaned from observational studies, several intervention studies
including RCTs and testing the effect of vitamin D supplementation on hip fracture risk
were conducted in different age groups and clinical settings. Owing to these discrepancies,
as well as the heterogeneity in vitamin D dose regimens, and, most importantly, in the
inclusion of a combination of calcium and vitamin D in the intervention group, results are
not consistent. In this context, even results from meta-analyses of these studies failed to
find agreement. Table 2 summarizes the results of the meta-analyses published in the last
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ten years (2014-2023) and including RCTs and non-RCTs studies that evaluated the effect
of calcium combined with vitamin D on the risk for hip fractures [73,84-92].

Table 2. Summary of the meta-analyses of randomized controlled trials and clinical studies assessing
the effect of the combination of calcium (Ca) and vitamin D (VitD) on hip fracture risk published

from 2014 to 2023.

Author and Year Design of Population Settin Intervention and Results
of Publication Included Studies P & Comparison
Analysis vs. placebo or no
treatment (9 trials,
49,853 participants):
significant reduction of hip
VitD or VitD-related fracture in the Ca/VitD
Avenell et al,, RCTs or quasi- post-menopausal community or (.:ompou.nds'alone' or group (RR 0.84, 95% CI
randomized o e in combination with 0.74-0.96)
2014 [84] . women or men > 65 institutional ; .
trials Ca vs. placebo, no Analysis vs. Ca (7 trials,
intervention, or Ca 7411 participants): no
significant reduction of hip
fracture in the Ca/VitD
group (RR 0.84, 95% CI
0.63-1.13)
Analysis vs. placebo
. 6 trials): significant
1 lly health . ( 8
W;z(a)xlzgr[gé]a ’ RCTs generz dz]ﬂtsea thy C?gﬁ:ﬁggza?r Ca/VitD vs. placebo reduction of hip fracture in
the Ca/VitD group (SRRE
0.7,95% CI0.56-0.87)
Analysis vs. placebo or no
treatment (7 trials,
Zhao etal,, ' Ca, VitD and 8657 participants): no
RCTs adults > 50 community Ca/VitD vs. placebo significant reduction of hip
2017 [86] . X
or no treatment fracture in the Ca/VitD
group (RR 1.09, 95% CI
0.85-1.39)
Analysis vs. placebo: no
Huetal., . Ca, VitD and significant reduction of hip
2019 [87] RCTs adults > 50 community . D vs. placebo fracture in the Ca /VitD
group
post-menopausal various therapies Analysis vs. placebo:
Barrionuevo women with Rrimary - (including Ca/VitD) significapt reduction. of hip
etal.,, 2019 [88] RCTs osteoporosis or not specified vs. placebo; fracture in the Ca/VitD
v osteopenia at risk for head-to-head group (RR 0.81, 95% CI
fragility fracture comparisons 0.71-0.93)
Analysis vs. placebo or no
treatment (6 trials,
Yao et al., community or VitD and Ca/VitD vs. 4?,2§2' part1c1pant.s): '
2019 [73] RCTs adults institutional placebo or no significant reduction of hip
treatment fracture in the Ca/VitD
group (RR 0.61, 95% CI
0.4-0.92)
Analysis vs. placebo or no
treatment (8 trials,
. . . 68,957 participants):
Eleni et al., randomized » Ca/VitD vs. placebo 6,727 P pant: .
2020 [89] trials adults > 50 not specified or no treatment mgmﬁcapt reductlon. of hip
fracture in the Ca/VitD
group (RR 0.84, 95% CI

0.72-0.97)
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Table 2. Cont.

Author and Year
of Publication

Design of

Included Studies

Population Setting Intcex;;(i):oind Results

Liuetal.,,
2020 [90]

RCTs

- Analysis vs. placebo or no
treatment (8 trials):
Ca/VitD vs. placebo significant reduction of hip
or no treatment fracture in the Ca/VitD
group (RR 0.86, 95% CI
0.76-0.98)

post-menopausal

not specified
women

Manoj et al.,
2020 [91]

RCTs

- Analysis vs. placebo or no
treatment (7 trials,

community or Ca/VitD vs. placebo 12’62,?, partt1c1§antt§ ) fhi
institutional or no treatment signt 1cap reduc 1on. ol hip
fracture in the Ca/VitD

group (OR 0.75, 95% CI
0.64-0.87)

women and men > 65

Khatri et al.,
2023 [92]

RCTs

- Analysis vs. placebo or no
treatment (6 trials,

. 17,538 participants): no
Ca/VitD vs. placebo significant reduction of hip
fracture in the Ca/VitD
group (OR 1.1, 95% CI
0.86-1.4)

adults > 50 with

fracture history not specified

or no treatment

RCTs, randomized controlled trials; RR, risk ratio; SRRE, summary relative risk estimate; OR, odds ratio.

The meta-analysis by Yao et al. included 11 RCTs in which supplementation with vari-
ous dosing regimens of vitamin D (ergo- and cholecalciferol) alone was employed to tests
the effects on fracture risk and compared to placebo or no treatment [73]. Authors included
RCTs performed in community dwelling as well as in institutionalized subjects [73]. In
a total of 34,243 participants aged 66-85 and 740 hip fracture events, no association was
detected between vitamin D supplementation and reduction in hip fracture [73]. The same
authors performed a meta-analysis of 6 RCTs including 49,282 subjects with a mean age of
66 (730 hip fracture events) treated with daily 400-800 IU of vitamin D and 800-1200 mg of
calcium for 6 years on average and demonstrated opposite results [73]. The intervention
was indeed associated with a 16% reduction in hip fracture risk compared to placebo or
no intervention [73]. Importantly, authors found consistent results between reduction in
fracture risk reported in association with serum 25(OH)D levels by observational stud-
ies and those observed in the RCTs employing calcium and vitamin D [73]. Manoj et al.
specifically meta-analyzed data from seven RCTs performed in subjects older than 65 and
supplemented with daily 700-800 IU of cholecalciferol and 500-1200 mg of various calcium
compounds [91]. In a total of 12,620 community dwelling and nursing home resident
participants, authors reported roughly 25% reduction in hip fracture risk in the calcium
and vitamin D combination group compared to placebo or no supplementation [91]. Risk
reduction for hip fracture was as high as 30% in association with calcium and vitamin D
supplementation when five RCTs performed only in older women were analyzed [91]. The
analysis of three studies assessing femoral neck BMD in 483 subjects demonstrated no
significant effect of calcium and vitamin D on this specific endpoint [91].

On the other side, the ancillary study of the Vitamin D and Omega-3 Trial (VITAL)
failed to find significant effect of vitamin D on fracture risk in midlife and older individ-
uals [93]. The study was conducted in 25,871 healthy adults aged 50 and older of whom
only 12.9% had baseline serum 25(OH)D levels < 20 ng/mL and who were not selected
for having osteoporosis [93]. Participants were followed up for a median of 5 years, and
the daily dose of 2000 IU of cholecalciferol was employed. Compared to placebo, sup-
plementation with cholecalciferol was not associated with any reduction in the incidence
of first hip fracture occurring in 56 and 57 subjects in the placebo and vitamin D group,
respectively [93]. Similarly to the VITAL, the DO-HEALTH trial reported that the primary
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prevention through vitamin D supplementation in 1900 healthy, community dwelling sub-
jects older than 70 is not an effective strategy to be pursued to significantly reduce risk for
nonvertebral fracture [94,95]. The recent meta-analysis of 18 RCTs including 39,759 subjects
older than 50 and with history of fracture by Khatri et al. showed similar results [92].
Besides the observation of no significant effect of vitamin D supplementation alone on frac-
ture risk, the authors reported also no association between calcium and vitamin D intake
and reduction of hip fracture (Table 2) [92]. The results were confirmed in the subgroup
analysis performed by calcium and vitamin D doses, gender, and baseline serum 25(OH)D
levels [92].

In the attempt of reducing confusion generated by inconsistent reports published
in the last decade on this sensitive topic, an umbrella review of systematic reviews and
meta-analyses of RCTs was performed by Chakhtoura et al. [96]. The authors included
12 systematic reviews and meta-analyses assessing the effect of combined calcium and
vitamin D on hip fracture risk and 15 on the effect of vitamin D alone. Though the studies
by Leboff et al. were not included in the analysis, authors raised important points that col-
lectively confirmed the absence of efficacy of vitamin D supplementation alone on fracture
risk; combination of calcium and vitamin D was instead found to be effective for hip frac-
ture risk reduction [96]. Eight systematic reviews and meta-analyses including community
dwelling and institutionalized subjects treated with different doses of calcium and vitamin
D showed efficacy of the combination on reduction of hip fracture [96]. Two systematic
reviews and meta-analyses conducted in community dwelling subjects reported no effect
of calcium and vitamin D [96]. The subgroup analysis demonstrated that factors poten-
tially predicting a better response could be age, institutionalization, and baseline serum
25(OH)D < 20 ng/mL, but definitely need further confirmation by specifically designed
studies [96].

5. Calcium Intake and Hip Fractures

Recovering from a hip fracture requires not just surgical intervention and physical
therapy, but also nutritional support to aid the healing process. Calcium plays a crucial
role in this recovery phase due to its importance in bone health.

After a hip fracture, the body’s demand for calcium increases to support the repair of
bone tissue. Calcium is a key building block for bones; it helps to restore bone density and
strength, which is essential for the healing process. Adequate calcium intake can accelerate
recovery, reduce the risk of a subsequent fracture, and support overall skeletal health.

The recommended daily calcium intake for older adults is about 1200 mg per day,
according to the International Osteoporosis Foundation (IOF), Institute of Medicine and
other referral institutions [97,98]. This can be achieved through diet, supplements, or
a combination of both. Foods rich in calcium classically include dairy products (such
as milk, cheese, and yogurt), green leafy vegetables (like kale and broccoli), fish with
edible bones (such as sardines and canned salmon), and fortified foods (like certain cereals
and plant-based milk). Chronic administration of drugs such as glucocorticoids or age-
related malabsorption decreases intestinal calcium absorption, therefore increasing daily
requirement of calcium achievable through diet intervention or supplements.

Although some metanalyses including 33 RCTs involving 51,145 participants, have
shown that the increased intake of calcium and/or vitamin D per se is not associated
with a lower risk of fragility fractures and hip fractures in particular [86,99], other recent
longitudinal studies have shown that consumption of dairy foods, providing proteins and
also minerals other than calcium, is protective against fractures. In two large U.S. cohorts,
the Nurses” Health Study (NHS) of women and the Health Professionals Follow-up Study
(HPFS) of men, one additional daily serving of total dairy, of which milk contributed about
half, was found to be associated with a statistically significant 6% decreased risk of hip
fracture among postmenopausal females and men [100]. A more recent analysis of the NHS
cohort has further demonstrated that consumption of more than 2 daily servings of total
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dairy was associated with a decreased fracture risk, including hip fracture, as compared to
1 daily serving (hazard ratio [HR]: 0.74; 95% confidence interval [CI]: 0.61, 0.89) [101].

Older individuals are definitely at major risk to have low calcium and protein intake.
One recent study examined the impact of dietary sources of calcium and protein on hip
fractures and falls in older adults within residential care settings. This cluster RCT focused
on increasing dairy food provision as a strategy to enhance calcium and protein intake
aiming to reduce fracture and falls [44]. Intervention facilities were assisted by dieticians
to increase dairy foods in meals and snacks, with methods such as fortifying milk used in
recipes and offering dairy-based desserts. In this study 30 residential care facilities were
randomized to provide each individual additional milk, yogurt and cheese to reach a total
of 1142 mg calcium/day plus 69 f/day protein calcium, with results on the rate of falls
and fractures as compared to care facilities maintaining their usual menu (700 mg/day
calcium and 58 g/day protein) [44]. The intervention rapidly reduced the rate of total
fractures by 33% and 46% of hip fracture in particular, along with 11% reduction of falls
just in the first 5-3 months, demonstrating the effectiveness, promptness and easiness of
increasing calcium and protein through dairy foods in preventing falls and fractures in
older care residents [44]. An additional paper demonstrated cost-effectiveness of such in-
tervention estimating costs related to fracture management (including ambulance, hospital,
rehabilitation and residential care costs) [102].

Total calcium intake of people with fragility fractures is often low, especially in elderly
people experiencing a hip fracture, and requires a prompt correction before the commence-
ment of antifracture therapy. Moreover, defective intestinal absorption further decreases
the already low calcium intake in the elderly.

Interventions to improve calcium intake and overall nutrition after hip fractures have
been explored in various studies, highlighting the potential benefits for recovery and long-
term bone health. A systematic review of RCTs evaluated post-surgery interventions for
patients with hip fractures, including nutritional supplementation, among various other
strategies such as rehabilitation, osteoporosis management, and fall prevention. This review
highlighted the diversity of interventions tested and underscored the need for well-rounded
postoperative care to improve outcomes in fragile hip fracture patients [103]. The included
RCTs considered just calcium and vitamin D supplementation, while interventions to
increase nutritional calcium intake by means of dairy products or other calcium sources
were not mentioned [103]. Calcium supplements (i.e., calcium carbonate or citrate) along
with vitamin D compounds are often easily prescribed, but they are often not tolerated and
not taken in the long term.

Few experiences have been published about interventions to raise calcium intake, tak-
ing advantage of established FLSs. In a study from Taiwan, calcium intake (by supplements)
in patients enrolled in an FLS, including a medication management service to improve
medication adherence empowered by follow-up telephone interviews, was significantly
improved, as well as vitamin D and protein intake, in the medium-long term, i.e., 1 year
after the hip fracture event [53].

Tele-rehabilitation could support multicomponent interventions, such as nutritional
intervention and physical exercise, after a hip fracture recovery. In this respect, ongoing
RCTs, such as the ActiveFLS RCT, might give us evidence in the future that this approach
could improve long-term nutritional status and physical performance, possibly decreasing
falls and further fractures after a hip fracture.

Although it is impossible to dissect and isolate the effect of the improvement of calcium
intake on the risk of further fractures, disability, and mortality, the optimization of calcium
and vitamin D status is considered mandatory for each antifracture treatment that has to
follow the fracture event.

6. Conclusions

The patient with a hip fracture has to be cared for with a multicomponent approach.
The importance of nutrition, vitamin D status, and calcium intake is pivotal and should be
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regarded as a primary resource to be focused on. The target serum 25(OH)D of 30 ng/mL
has to be reached and maintained in these patients as recommended by most guide-
lines [97,104], avoiding high doses, which are likely related to increased falls [105]. Vitamin
D pro-hormones, such as cholecalciferol (vitamin Ds), ergocalciferol (vitamin Dj), or cal-
cifediol (25(OH)D), can be effectively used to correct vitamin D status before and during
antifracture therapy. Besides vitamin D status, which is usually optimized by supplements,
calcium intake and overall nutrition should be evaluated and implemented in seniors after
a hip fracture, also taking into account their generally suboptimal intestinal absorption.
Too few short-term effective interventions have been carried out overall. The medium- and
long-term outcomes of persistent changes in nutrition have yet to be assessed.

FLSs, where applied, do not often tackle these issues systematically. Besides nurses
and case managers in the FLS, who can be employed to test nutritional status, specific
dietary suggestions have to be dispensed by medical personnel or nutrition specialists.
By addressing impaired nutrition in elderly individuals, particularly those with hip frac-
tures, healthcare providers can enhance recovery outcomes, reduce complications, and
improve the overall quality of life for this vulnerable population. In parallel, the effect of
pharmacological intervention to prevent further fractures will be enhanced (Figure 1).

The inclusion of calcium and vitamin D supplementation is considered a potential
strategy for improving compromised fracture healing in osteoporotic patients. Clinical
evidence suggests that addressing post-traumatic bone loss through such supplementation
could be beneficial, especially in the context of the broader management of osteoporosis
and fracture healing.

These studies collectively suggest that targeted nutritional interventions, including
calcium and protein intake through diet or supplements, along with comprehensive re-
habilitation programs, can significantly contribute to improved recovery and mobility
after hip fractures. Such strategies, along with targeted physical exercise, are critical for
addressing the multifaceted needs of patients recovering from hip fractures, aiming not
only at immediate recovery but also at preventing future fractures and enhancing overall
bone and skeletal muscle health.
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