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Abstract

Introduction: Introduction: Adequate calcium and vitamin D from diet and supplementation is recommended for elderly hip
fracture patients. Using data from the multinational hip fracture arthroplasty trial (HEALTH), we determined the proportion of
patients who consistently took vitamin D and calcium and which characteristics/prescribing practices were associated with
consistency of supplement use. Methods: HEALTH is a multicenter randomized trial of elderly hip fracture patients treated with
hemi-arthroplasty and total hip arthroplasty. Patients were categorized as consistent users, inconsistent users, or nonusers of
calcium and vitamin D. We used multinomial regression to determine the characteristics associated with calcium and vitamin D
use. Results: 603 HEALTH participants were included in the analysis. 34.7% of patients never took vitamin D within 12 months
after surgery, 26.2% took vitamin D inconsistently, and 39.1% took vitamin D consistently. 36.0% of patients never took calcium
within 12 months after surgery, 28.4% took calcium inconsistently, and 35.7% took calcium consistently. There was great variation
in prescribed/recommended doses. Compared to nonusers, consistent users of the supplements were more likely to be female,
North American, prescribed/recommended vitamin D and/or calcium postoperatively, and presented to a facility with com-
prehensive fragility fracture protocols. Conclusions: A low proportion of elderly hip fracture patients are consistently taking
vitamin D and calcium, which may contribute to poorer bone health. Surgeons should be educated to prescribe/ recommend
vitamin D and calcium, institutions should develop comprehensive fragility fracture protocols and patient education strategies to
ensure that patients with osteoporosis receive bone health management beyond fracture care.
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Introduction

The refracture rate in patients with hip fragility fractures is very
high, with up to 14% of patients sustaining a second fragility
fracture.! Vitamin D and calcium supplementation are fre-
quently advised in elderly populations, especially relating to
prevention of, and after, hip fractures and to reduce the very high
rate of refractures in this population.”* Vitamin D and calcium
supplementation have been shown to have positive effects
including increasing 25(OH)D serum levels,* improving bone
mineral density,”® and reducing the risk of falls.”* Additionally,
studies have shown that calcium and vitamin D supplementation
is a cost-effective method of preventing future fragility fractures
in patients who have sustained a hip fracture.”'”

The current Osteoporosis Canada clinical practice guide-
lines recommend routine vitamin D supplementation with
800 to 1000 IU daily for healthy adults older than 50 years,
although up to 2000 IU per day may be necessary for higher
risk adults.? Additionally, the Canadian guidelines state that
calcium intake from diet and supplements should be 1200 mg
daily. Guidelines in the United States and United Kingdom are
similar, recommending at least 1000 mg of calcium and 800 [U
of vitamin D.*'" Despite these guidelines, a recent survey of
orthopedic surgeons in Canada and the United States found a
lack of consensus on prescribing practices for calcium and
vitamin D in fracture patients, as well as a large variability in
dosing regimens.'?

Adherence to calcium and vitamin D supplementation has
been shown to vary greatly in previous studies, from 20% to
over 60%."%"> As with other pharmacological therapies, treat-
ment adherence is likely to have an important influence on the
efficacy of calcium and vitamin D supplementation. For exam-
ple, studies in highly controlled populations with high compli-
ance have shown benefits of calcium and vitamin D
supplementation, whereas studies in community settings with
less strict controls on adherence show fewer benefits.'®'” An
analysis of elderly patients with femoral neck fractures treated
with internal fixation found that over half of patients (54.3%)
were either not taking or not consistently taking vitamin D
following their fracture.'®

The ongoing multicenter HEALTH trial'® (randomized con-
trolled trial in elderly femoral neck fracture patients comparing
hemi-arthroplasty and total hip arthroplasty) provides a unique
opportunity to determine whether elderly hip fracture patients
are consistently taking vitamin D and calcium supplements
following a hip fracture treated with joint replacement in a
clinical trial. It also provides an opportunity to explore factors
associated with the consistent use of vitamin D and calcium
supplementation. Using data from this trial, the objectives of
the current study are (1) to determine the proportion of patients
who consistently take vitamin D and/or calcium following
arthroplasty, (2) to describe which doses of vitamin D and
calcium are frequently used among patients enrolled in
HEALTH, and (3) to determine which baseline characteristics
and management/prescribing practices were associated with
consistency of vitamin D and calcium use.

Methods
Health Study Overview

The HEALTH trial (NCT00556842) is a multicenter randomized
controlled trial that compares hemi-arthroplasty versus total hip
arthroplasty in patients older than 50 years with displaced
femoral neck fractures. Sixty-one clinical sites in 10 countries
in North America, Europe, and Australia are participating in the
HEALTH trial. The primary objective of the HEALTH trial was
to determine the rates of unplanned secondary procedures within
2 years in individuals with displaced femoral neck fractures
treated with hemi-arthroplasty versus total hip arthroplasty. Sec-
ondary objectives include comparing health-related quality of
life and health outcome measures, mortality, and hip-related
complications in the 2 treatment groups. Patients were assessed
clinically at 1 and 10 weeks and 6, 9, 12, 18, and 24 months
postsurgery. This trial is coordinated by the Centre for
Evidenced-Based Orthopaedics (McMaster University) and has
been approved by the Hamilton Integrated Research Ethics
Board (#06-151), as well as all participating clinical sites’
research ethics boards/institutional review boards.

Vitamin D and Calcium Supplementation Substudy

All patients enrolled in HEALTH were asked whether they take
vitamin D and calcium supplementation, and the dose of each,
at the study follow-up visits. To be included in this substudy,
patients had to attend at least 3 of the 5 study follow-up visits
within 12 months and had to have reached at least the 12-month
study follow-up visit. Based on their reported frequency of
vitamin D and calcium supplementation in the first 12 months
of follow-up, patients were categorized as either consistent
users (positive report at 4-5/5 visits), inconsistent users (posi-
tive report at 1-3/5 visits), or nonusers (positive report at 0/5
visits) of vitamin D and/or calcium.

Vitamin D and Calcium Supplementation Prescribing
Practices at Clinical Sites

At the first postoperative visit, the HEALTH trial protocol rec-
ommended that surgeons prescribe 1000 IU of vitamin D and 600
mg of calcium and that surgeons initiate investigation and treat-
ment of osteoporosis as recommended by a local osteoporosis
expert/consultant. Clinical sites had different standards of care
for prescribing vitamin D and calcium, which were acceptable to
the HEALTH protocol. To learn more about these practices, prin-
cipal investigators and research coordinators at participating clin-
ical sites were asked to describe if and how vitamin D and calcium
were prescribed or recommended in elderly arthroplasty patients
at their hospital/clinic, for example, whether there is a standar-
dized protocol for managing fragility fractures at their site.

Data Analysis

Patient characteristics were summarized using descriptive sta-
tistics. Categorical baseline variables were summarized as
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counts and percentages. Continuous baseline data were sum-
marized as means and standard deviations. The doses of vita-
min D and calcium used were summarized using the median,
interquartile range, and mode. Prescription/recommendation
practices were also summarized using descriptive statistics as
described above.

Multinomial logistic regression models were used to deter-
mine whether the following independent variables were
associated with consistency of vitamin D and calcium supple-
mentation: (1) age, (2) sex, (3) location of hospital (North
America vs Europe and Australia), (4) a prescription or recom-
mendation to take vitamin D and/or calcium upon hospital
discharge, and (5) management practices (comprehensive path-
way/protocol vs some protocol vs no standard protocol/
unknown practices). Odds ratios (ORs) with 95% confidence
intervals (CIs) were reported to compare nonusers, inconsistent
users, and consistent users for both calcium and vitamin D.
Statistical significance was determined at o = .05. All statisti-
cal analyses were performed using SPSS version 24.

Results
Patient Demographics

Of the 824 HEALTH participants who had reached their
12-month visit, 603 were included in this analysis. We
excluded data from the 100 patients who had died prior to their
12-month visit and the 121 participants who did not have at
least 3 postoperative visits. The mean age of the study partici-
pants was 78.6 years (standard deviation: 8.8), and most parti-
cipants were female (73.1%). The majority of patients were
enrolled at clinical sites in North America (244, 40.5%) and
Europe (325, 53.9%; Table 1).

Vitamin D and Calcium Supplementation

Two-hundred nine (34.7%) patients reported never taking vita-
min D within the first 12 months after surgery, 158 (26.2%)
reported taking vitamin D inconsistently, and 236 (39.1%)
reported taking vitamin D consistently (Table 2). Two hundred
seventeen (36.0%) patients reported never taking calcium
within the first 12 months after surgery, 171 (28.4%) reported
taking calcium inconsistently, and 215 (35.7%) reported taking
calcium consistently (Table 2). Vitamin D and calcium
use consistency was highly correlated (Spearman p: .861;
P < .001). There were 197 (32.7%) participants who
consistently used both calcium and vitamin D and 194
(32.2%) participants who consistently did not use calcium nor
vitamin D.

Vitamin D and Calcium Doses

Of the patients who took vitamin D at 1 visit or more, 24
different doses of vitamin D (21 daily and 3 weekly) were
identified. The most common doses of vitamin D included
1000 TU (464/1147 visits), 800 TU (409/1147 visits), and

Table 1. Patient Demographics.

Characteristic N = 603, n (%)

Age, mean (SD) 78.6 (8.8)
Sex
Female 441 (73.1)
Male 162 (26.9)
BMI
Underweight 32 (5.3)
Normal weight 294 (48.8)
Overweight 194 (32.2)
Obese 71 (11.8)
Missing 12 (2.0)
Location
Canada 133 (22.1)
The Netherlands 128 (21.2)
United States 112 (18.6)
Norway 107 (17.7)
Spain 73 (12.1)
Australia 33 (5.5)
United Kingdom 17 (2.8)
ASA classification
| 14 (2.3)
2 219 (36.3)
3 241 (40.0)
4 36 (6.0)
Missing 93 (15.4)
Employed 23 (3.8)
Ethnicity
White 577 (95.7)
Black 9 (1.5)
Asian 6 (1.0)
Hispanic/Latino 5(0.8)
South Asian 3 (0.5)
Middle Eastern 3 (0.5)
Mechanism of injury
Fall from standing 589 (97.7)
Spontaneous 12 (2.0)
Other 2 (0.3)
Level of the fracture line
Subcapital 398 (66.0)
Midcervical 183 (30.3)
Basal 22 (3.6)
Garden classification
Garden | 6 (1.0)
Garden Il 19 3.2)
Garden Il 219 (36.3)
Garden IV 359 (59.5)
Pauwel classification
Type | 34 (5.6)
Type ll 332 (55.1)
Type lll 235 (39.0)
Missing 2 (0.3)
Additional fractures 32 (5.3)
Additional injuries 29 (4.8)
Taking bisphosphonates at baseline 44 (7.3)
Taking other osteoporosis medications at baseline 20 (3.3)
Vitamin D prescribed/recommended 456 (75.6)
postoperatively
Calcium prescribed/recommended postoperatively 435 (72.1)

Abbreviation: SD, standard deviation. ASA, American Society of
Anethesiologists.
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Table 2. Consistency of Vitamin D and Calcium Use.

Table 4. Clinical Site Characteristics.

Vitamin D
Inconsistent  Consistent
Nonuser User User Total
Calcium
Nonuser 194 12 Il 217
Inconsistent user 12 131 28 171
Consistent user 3 15 197 215
Total 209 158 236 603

Table 3. Commonly Prescribed Vitamin D and Calcium Doses.

Vitamin D Doses” Number of Visits (%)

Daily doses
Under 800 1U 51 (4.5)
800-999 U 414 (36.1)
1000-1499 U 479 (41.8)
1500-1999 U 19 (1.7)
2000-2999 U 108 (9.4)
3000 IU or more 22 (1.9)

Weekly loading doses
5000 U 13 (1.1)
10 000 IU 19 (1.7)
50 000 IU 22 (1.9)

Calcium®

Daily does
Under 500 mg 39 3.8)
500-599 mg 92 (8.9)
600-699 mg 257 (24.8)
700-799 mg 20 (1.9)
800-899 mg 8 (0.7)
900-999 mg 1 (0.1)
1000-1199 mg 445 (43.0)
1200-1399 mg 146 (14.1)
1400-1599 mg 6 (0.5)
1600-1799 mg 0 (0)
1800-1999 mg 8 (0.8)
2000 mg or more 14 (1.4)

®N = | 147 visits where patients were taking vitamin D, and there was

information available on the dosage.
N = 1036 visits where patients were taking calcium, and there was
information available on the dosage.

2000 IU (104/1147 visits). The median daily dose taken was
1000 IU (Q1-Q3: 800-1000 IU; Table 3). The lowest daily dose
taken was 200 IU and the highest daily dose taken was 8000 IU.
Some patients received a weekly dose as opposed to daily. The
lowest weekly dose taken was 5000 IU (~ 714 IU daily) and
the highest weekly dose taken was 50 000 IU (~ 7140 IU daily;
Table 3).

Of the patients who took calcium at 1 visit or more, 26
different doses of calcium were identified. The most common
doses of calcium included 1000 mg (445/1036 visits) and
600 mg (246/1036 visits; Table 3). The median daily dose taken
was 1000 mg (Q1-Q3: 600-1000 mg). The lowest dose taken was
100 mg and the highest dose taken was 3800 mg (Table 3).

Characteristic (N = 53 sites) n (%)
Location
The Netherlands 14 (26.4)
United States 14 (26.4)
Canada 12 (22.6)
United Kingdom 5(94)
Spain 4 (7.5)
Australia 2 (3.8)
Norway 2 (3.8)
Type of hospital
Academic 27 (50.9)
Community/teaching 23 (43.4)
Private clinic 3(57)
Type of funding
Public 39 (72.2)
Private 14 (26.4)
Management of fragility fractures
Comprehensive protocol 12 (22.6)
Noncomprehensive protocol 12 (22.6)
No protocol/unknown 29 (54.7)

Vitamin D and Calcium Prescribing and Management
Patterns

Twelve (22.6%) sites reported having a comprehensive care
pathway or protocol to follow for each patient presenting to
hospital with a fragility fracture. Comprehensive pathways,
such as Fracture Liaison Services,?® included prescribing/
recommending calcium and vitamin D to each patient as well
as a plan of referral and/or investigation and patient education.
Two of these sites (34 included patients) are Fracture Liaison
Services. Twelve (22.6%) sites reported having a noncompre-
hensive protocol to follow for patients with fragility fracture.
These noncomprehensive strategies included only prescribing/
recommending calcium and vitamin D or only referring
patients with fragility fracture to a specialist or following a
protocol inconsistently or on a case-by-case basis. Twenty-
nine (54.7%) sites reported that they do not follow a standar-
dized protocol or their fragility fracture management procedure
is unknown (Table 4). Vitamin D was prescribed/recom-
mended to 456 fragility fracture patients (456/603, 75.6%) at
the postoperative visit, while calcium was prescribed/recom-
mended to 435 fragility fracture patients (435/603, 72.1%) at
the postoperative visit (Table 1).

Factors Associated With Consistency of Vitamin D
and Calcium Supplementation

Compared to nonusers, consistent users of vitamin D were
more likely to be from North America (OR: 20.232; 95% CI:
10.894-37.728), to be prescribed or recommended vitamin D
postoperatively (OR: 5.938; 95% CI: 3.325-10.605), and to be
treated at a site with a management protocol for fragility frac-
tures (OR: 11.117 for comprehensive protocols and OR: 4.054
for noncomprehensive protocols compared to no/unknown pro-
tocol). Compared to nonusers, inconsistent users of vitamin D
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Table 5. Factors Associated With Inconsistent Use of Vitamin D and
Consistent Use of Vitamin D Versus No Use of Vitamin D.

Table 6. Factors Associated With Inconsistent Use of Calcium and
Consistent Use of Calcium Versus No Use of Calcium.

Vitamin D

Calcium

Odds P

Factor Ratio 95% ClI Value

Odds P

Factor Ratio 95% ClI Value

Inconsistent users compared to nonusers

Age 0.989 0.962-1.018 469

Female sex 1.122  0.649-1.941 679

North America (versus Europe 17.752  9.410-33.490 <.001
and Australia)

Vitamin D prescribed/ 3.269 1.844-5.794 <.001
recommended postoperatively

Management/prescribing practices
Comprehensive protocol 8286 4.633-14.821 <.001
Some protocol 2975 1.403-6.307 .004
No protocol/unknown 1.000 Ref Ref

Consistent users compared to nonusers

Age 0.983 0.956-1.010 201

Female sex 1.653  0.960-2.847 .070

North America (versus Europe  20.232 10.894-37.728 <.001
and Australia)

Vitamin D prescribed/ 5938 3.325-10.605 <.001
recommended postoperatively

Management/prescribing practices
Comprehensive protocol I1.117 6.303-19.606 <.001
Some protocol 4.054 1.996-8.233 <.001
No protocol/unknown 1.000 Ref Ref

Inconsistent users compared to nonusers

Age 0.998 0.971-1.025 .868

Female sex 1.169 0.689-1.986 .562

North America (versus Europe  13.778 7.706-24.638 <.001
and Australia)

Calcium prescribed/ 2.705 1.600-4.574 <.001
recommended postoperatively

Management/prescribing practices
Comprehensive protocol 8819 5.050-15.400 <.001
Some protocol 3.259 1.548-6.859 .002
No protocol/unknown 1.000 Ref Ref

Consistent users compared to nonusers

Age 0.987 0.961-1.014 .350

Female sex 1.815 1.058-3.114 .030

North America (versus Europe  13.156 7.409 to 23.361 <.001
and Australia)

Calcium prescribed/ 4.788 2.775-8.263 <.001
recommended postoperatively

Management/prescribing practices
Comprehensive protocol 9.501 5.482-16.466 <.001
Some protocol 4.385 2.164-8.887 <.001
No protocol/unknown 1.000 Ref Ref

Abbreviation: Cl, confidence interval.

were more likely to be from North America (OR: 17.752; 95%
CI: 9.410-33.490), to be prescribed or recommended vitamin D
postoperatively (OR: 3.269; 95% CI: 1.844-5.794), and to be
treated at a site with a management protocol for fragility frac-
tures (OR: 8.286 for comprehensive protocols and OR: 2.975
for noncomprehensive protocols compared to no/unknown pro-
tocol). Age and sex were not associated with consistency of
vitamin D use (Table 5).

We identified a similar trend for calcium use. Compared to
nonusers, consistent users of calcium were more likely to be
female (OR: 1.815; 95% CI: 1.058-3.114), from North America
(OR: 13.156; 95% CI: 7.409-23.361), and to be prescribed or
recommended calcium postoperatively (OR: 4.788; 95% CI:
2.775-8.263). Compared to nonusers, inconsistent users of cal-
cium were more likely to be from North America (OR: 13.778;
95% CI: 7.706-24.638), to be prescribed or recommended cal-
cium postoperatively (OR: 2.705; 95% CI: 1.600-4.574), and to
be treated at a site with a management protocol for fragility
fractures (OR: 8.819 for comprehensive protocols and OR:
3.259 for noncomprehensive protocols compared to no/
unknown protocol). Age was not associated with consistency
of calcium use (Table 6).

Osteoporosis Medications

Forty-four (7.3%) patients were taking bisphosphonates and 20
(3.3%) patients were taking other medications to treat

Abbreviation: Cl, confidence interval.

osteoporosis at baseline. At the first study follow-up visit after
surgery, 43 (7.1%) patients were taking bisphosphonates and
14 (2.3%) were taking other medications to manage osteoporo-
sis. Of patients who were taking bisphosphonates or another
medication to manage at baseline, approximately half were
consistent users of calcium (32/64; 50%) and vitamin D (34/
64; 53%).

Discussion

Despite evidence that vitamin D and calcium intake are bene-
ficial for the prevention of refracture in patients who have
fragility fractures, our study found that more than one-third
of elderly hip fracture patients treated with arthroplasty did not
take vitamin D or calcium within the first 12 months after their
fracture. An additional one quarter took vitamin D and calcium
inconsistently. Patients treated in North America, prescribed
calcium and/or vitamin D postoperatively, and who were
treated at clinical sites with a comprehensive fragility fracture
management protocol were significantly more likely to consis-
tently take calcium and/or vitamin D after hip arthroplasty.
Female patients were also more likely to take calcium than
males, but not vitamin D. The dosing regimens of both calcium
and vitamin D are highly varied, showing a lack of consensus
on the optimal dose. A slightly higher proportion of patients
taking medications to manage osteoporosis were consistent
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users compared to patients not on bisphosphonates or osteo-
porosis medications.

These results are relatively consistent with a recent study on
vitamin D supplementation among elderly patients undergoing
internal fixation for a hip fracture,'® although the internal fixa-
tion study found a slightly higher rate of consistent vitamin D
use (46%) than our study. The similar study in internal fixation
of hip fractures'® also found that patients in North America are
more likely to take vitamin D consistently, which is also con-
gruent with our findings. The results of the current study show
that there is large variability in dosing regimens of calcium and
vitamin D. This is similar to a recent survey of American and
Canadian orthopedic surgeons which found that 65% orthope-
dic surgeons routinely prescribe vitamin D to their fragility
fracture patients.'? In our study, nearly three quarters of
patients were prescribed calcium and vitamin D while in hos-
pital, but fewer patients reported taking calcium and vitamin D
at study follow-up visits. A 1-year supply of calcium and vita-
min D tablets ranges from CAD$20 to CAD$60 depending on
brand name and daily dose, making it a very inexpensive med-
ication. This study highlights an issue with compliance of even
simple, inexpensive, and widely available medications, which
should be taken into consideration when treating elderly ortho-
pedic patients. We also found a very low rate of prescription
(10.6% at baseline and 9.5% at the first study follow-up) of
bisphosphonates and other osteoporosis medications in this
population of fragility fracture patients. It is unknown why the
rate of prescription of these medications was so low in this
population, but it may point to a gap in care in geriatric ortho-
pedics that should be addressed in future research. There is an
opportunity to improve both the rate of prescription/recom-
mendation and supplement adherence to ensure that patients
with osteoporosis are getting the care that is needed to manage
their osteoporosis and to prevent future fragility fractures.

It should be noted that, for patients who have high dietary
calcium intake, supplementation is not required. In fact, it is
more desirable for patients to obtain their calcium through diet
than through supplementation.?!*> However, relatively few hip
fracture patients have adequate dietary calcium intake and
therefore need supplementation. Health Canada reports that
elderly men older than 70 years are getting 69% less calcium
than the current recommendation and elderly women are get-
ting 63% less calcium than recommended.” Clinical practice
guidelines, hospital protocols, and educational programs for
prevention of fragility fractures should reflect this.

Physicians should monitor patients who are taking vitamin
D and/or calcium for possible side effects. Specifically,
patients taking high doses of vitamin D should be carefully
monitored for falls,>*** hypercalcemia, hypercalciuria,® and
gastrointestinal distress.'® Additionally, patients taking cal-
cium may be at an increased risk of renal calculi, kidney stones,
and negative cardiovascular effects, especially if they have
cardiovascular, gastrointestinal, and kidney conditions.*’

This study is strengthened by the inclusion of a large number
of participants from diverse clinical sites in 7 countries. Addi-
tionally, the prospective nature of the study allowed us to

capture data with little risk of recall bias. Limitations of this
study include possible underestimation of the loading doses of
vitamin D taken as we did not specifically ask clinical sites to
record loading doses. Additionally, clinical sites had to rely on
self-reported use of calcium and vitamin D, which may be an
overestimate or underestimate of actual calcium and vitamin D
intake. We did not ask sites to specify whether the vitamin D
was vitamin D, or D3, so that information is unknown. Addi-
tionally, we did not record whether patients’ vitamin D levels
were being monitored or whether they were referred for any
additional management of osteoporosis. Monitoring can have
an effect on compliance levels.

Despite well-developed guidelines, a low proportion of
elderly hip fracture patients are consistently taking vitamin D
and calcium, which may be contributing to poorer bone health
and a missed opportunity to reduce the high refracture rate in
this cohort. The inconsistency in patient use of calcium and
vitamin D found in this study highlights a need for additional
high-quality studies to establish a consensus on the ideal dosing
regimen for vitamin D and calcium. In addition, patient educa-
tion strategies along with surgeon educational initiatives and
resources are needed to ensure that hip fracture patients receive
bone health management beyond fracture care. Our study
shows that hip fracture patients, who are the group at highest
risk of future hip and other fragility fractures, frequently do not
receive sufficient vitamin D and calcium. These patients and
their treatment teams should be specifically targeted in future
strategies for interventions aimed at fracture prevention.
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