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Abstract

Summary Fracture liaison services often perform laboratory
testing, but these results may be altered by surgery. In 40 hip
arthroplasty patients, many laboratory parameters of bone
health relevance were reduced by 8-22% on the first post-
operative day. Laboratory results obtained in the immediate
post-surgery interval do not reliably ascertain baseline status.
Introduction As secondary causes of osteoporosis are com-
mon, fracture liaison services often perform laboratory testing
in the immediate post-fracture interval. We hypothesized that
laboratory results obtained shortly after surgery may not ac-
curately ascertain baseline status. If true, such alterations
might confound subsequent fracture prevention efforts.
Methods Patients undergoing elective total hip arthroplasty
were studied as a surrogate for hip fracture patients. Blood
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and urine were obtained 2 weeks before surgery, before anes-
thetic induction, on post-operative day one, and 6 weeks after
surgery. Serum total and free 25-hydroxyvitamin D
(25(0OH)D), vitamin D-binding protein (DBP), calcium, creat-
inine, albumin (Alb), alkaline phosphatase (ALP), plasma he-
moglobin (Hgb) and urinary DBP/creatinine ratio (UDBP/Cr)
were measured.

Results Forty volunteers (28 women; 12 men) with mean age
of 65.7 [8.7] years were studied. Laboratory results were sta-
ble from 2 weeks before to the day of surgery. On the first day
after surgery, total 25(OH)D, DBP, calcium, creatinine, ALP,
and Alb declined 8-22% (p < 0.0001); free 25(OH)D and Hgb
declined by 8 and 15% (p < 0.01), respectively; and UDBP/Cr
increased 32% (p < 0.01). Using a 25(OH)D <30 ng/mL
threshold, vitamin D inadequacy prevalence increased from
38% before surgery to 68% the day after (p < 0.001). All
laboratory values returned to baseline at 6 weeks after surgery.
Conclusions Laboratory values are reduced immediately fol-
lowing elective total hip arthroplasty. Testing at that time does
not accurately ascertain baseline status and may lead to ele-
vated estimates of vitamin D inadequacy, incorrect interven-
tions, and misallocation of healthcare resources.

Keywords Fracture liaison service - Hip fracture - Laboratory
results - Vitamin D

Introduction

Osteoporosis, the loss of bone mass and microarchitectural
integrity, becomes common with advancing age and heightens
fragility fracture risk [1, 2]. As a result, ~50% of women and
~20% of men suffer an osteoporosis-related fracture in their
lifetime. Fragility fractures reduce both the quality and quan-
tity of life and account for major healthcare expenditures
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[3—5]. The occurrence of a fragility fracture is a strong predic-
tor for a subsequent fracture [6], particularly in the succeeding
12 months [7]. Treatment of those who sustain fragility frac-
tures with effective osteoporosis medications reduces future
fracture risk and may decrease mortality [8, 9]. However,
many persons with osteoporosis-related fractures remain un-
treated. Indeed, the proportion of people with a hip fracture
that subsequently receive osteoporosis medications declined
from ~40% in 2002 to ~20% in 2011 [10].

To address the osteoporosis treatment gap, the fracture li-
aison service (FLS) model is being implemented worldwide
[11, 12]. The FLS model comprises a systematic approach that
identifies fragility fracture patients, performs evaluations to
diagnose and assess underlying causes of osteoporosis or frac-
tures, and initiates appropriate treatment [13]. FLS programs
are often directed by an orthopedic surgeon, teamed with a
coordinator, who may be an advanced practice nurse practi-
tioner, and other skilled staff [ 13, 14]. It is well established that
the FLS approach reduces both fractures and healthcare ex-
penditures [10, 14].

Many conditions are associated with bone loss and
result in increased fracture risk. Individuals with such
conditions are considered to have secondary osteoporosis
[15]. Secondary osteoporosis is common in those who
sustain fragility fracture [16]. Notably, more than half
of the patients that sustained osteoporosis-related fracture
may have vitamin D inadequacy and up to one third may
have other secondary causes of osteoporosis [16]. As a
result, FLS guidance includes post-fracture laboratory
testing to identify secondary causes of bone loss [11].
In the USA, a pending Joint Commission quality mea-
sure (Osteoporosis-Associated Fracture Implementation
Guide) [17] calls for performing a complete blood count,
renal and hepatic function tests, serum calcium determi-
nation, and either administration of oral vitamin D or 25-
hydroxyvitamin D (25(OH)D) measurement. However,
physiologic changes that accompany anesthesia and sur-
gery include blood loss, fluid shifts, autonomic imbal-
ances, and hormonal responses that may confound inter-
pretation of laboratory results acquired in the immediate
post-surgery interval [18-20]. As a result, laboratory
tests aimed at assessing potential secondary causes of
osteoporosis may be altered by surgery. Nonetheless,
the FLS recommendations noted above call for laborato-
ry tests to be ordered or performed prior to discharge
following hospitalization for primary repair of fragility
fracture [17]. To test whether laboratory evaluations per-
formed immediately after surgery in compliance with
FLS program recommendations correspond to a patient’s
true baseline status, individuals undergoing elective total
hip arthroplasty were investigated as surrogates for hip
fragility fracture patients, given their similar age and
magnitude of surgical interventions.
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Methods
Participants/study design

Adults age 50 and older with osteoarthritis scheduled for elec-
tive primary total hip arthroplasty were recruited to participate
in this study. Exclusion criteria included hip arthritis from
other causes, e.g., rheumatoid arthritis, surgery within the pre-
ceding 6 months, conditions/diseases known to affect vitamin
D or vitamin D-binding protein (DBP) metabolism, and treat-
ment with high-dose vitamin D.

This study was reviewed and approved by the University of
Wisconsin Health Sciences Institutional Review Board (IRB).
All participants signed an IRB-approved informed consent
document prior to the conduct of any study procedure.
Blood and urine samples were obtained 2 weeks before sur-
gery at the time of pre-operative evaluation, the day of surgery
just before anesthesia induction (pre-op), the day after surgery
while still hospitalized (post-op day one), and at a scheduled
clinic visit 6 weeks after surgery (post-op week six).
Estimated intraoperative blood loss and intravenous (IV) fluid
volume administered during surgery, in the recovery room,
and over the first 24 h after surgery were obtained from elec-
tronic medical records.

Laboratory evaluation

Serum total 25(OH)D was measured by high-performance
liquid chromatography (HPLC) using previously reported
methods [21]. In our laboratory, this assay is traceable to
the National Institutes of Standards and Technology
(NIST) Standard Reference Materials as recommended
[22]. The 25(OH)D intra-assay coefficient of variation
(CV) ranges from 1.9% at a concentration of 61.5 ng/mL
to 6.3% at a concentration of 14.3 ng/mL. The inter-assay
CV is 3.2% at a 25(0OH)D concentration of 59.8 ng/mL and
3.9% at a concentration of 14.3 ng/mL. Serum and urine
DBP concentrations were measured by enzyme-linked
immunoabsorbent assay (ELISA) (Alpco, Salem, NH) with
inter- and intra-assay %CVs of 6.3 and 6.3%. Free 25(OH)D
was measured by ELISA (DIAsource, Louvain-la-Neuve,
Belgium). Plasma hemoglobin (Hgb) and serum creatinine,
calcium, albumin and alkaline phosphatase (ALP), and uri-
nary creatinine were measured by the UW Health clinical
laboratory using Abbott Architect® (Abbott Park, IL)
instrumentation.

Statistical analysis

Mixed linear model analysis was applied to evaluate the null
hypothesis that there was no difference for each laboratory test
among the four time points. In cases where a significant dif-
ference among time points was observed, a second test was
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used to compare the post-op value to the average of the other
three values. The degree of association between observations
at each pair of time points was described using the Pearson
correlation coefficient. The significance level adopted for all
comparisons was p < 0.05. This study had a >94% power to
detect a difference in mean 25(OH)D of 4 ng/mL. Sample size
calculations were performed using nQuery Advisor 1.0 (JD
Elashoff, copyright 1995-2007).

Results
Subjects

The mean (SD) age of the participants (28 female; 12 male)
having elective, primary total hip arthroplasty for osteoarthri-
tis was 65.7 (8.7) years, with a range from 53 to 83 years.
Their mean (SD) body mass index (BMI) was 29.8 (6.1) kg/
m? with a range from 19.8 to 44.1 kg/m?. Thirty-four received
regional anesthesia (i.e., spinal or epidural anesthesia) plus
sedation (i.e., propofol), and six received general anesthesia
without regional anesthesia (i.e., sevoflurane in oxygen/air,
opiate, and non-depolarizing muscle relaxation). The mean
(SD) operating room estimated blood loss was 296
(154) mL. The mean (SD) intravenous fluid volume adminis-
tered in the operating room, post-anesthesia recovery room,
and during post-operative day one was 1560 (707), 328 (320),
and 834 (883) mL, respectively. Administered fluids were
either normal saline or lactated Ringer’s solution. No partici-
pant received blood products. A minority (3/40) received a
single unit of 5% albumin. No intraoperative or post-surgical
complications were recorded, and all participants were
discharged between post-operative days one to three.

Laboratory results

Laboratory values at four time intervals are noted in Table 1
and Fig. 1. Vitamin D-related laboratory values are noted in
Table 2 and Fig. 2. All serum values were stable from 2 weeks
before surgery to the day of surgery but declined by a mean of
7.9 to 22.4% from the day of surgery to post-op day one. The
uniformity of change was noteworthy; Hgb declined in all
participants, serum calcium declined in all but two, and ALP
declined in all but three. The urinary DBP/creatinine ratio
increased 32.0% at day one post-op (Fig. 2). No relationship
between blood volume loss or IV fluid volume administered
and change in laboratory parameters was observed (see Fig. 3)
for the 25(OH)D data. Similarly, no significant relationship
was observed between IV fluid volume administered or esti-
mated blood loss with day one change in Hgb, creatinine,
calcium, albumin, or DBP; all p values were >0.34. The small
number of subjects that received general anesthesia (n = 6)
limits the ability to draw conclusions regarding anesthesia

approach and laboratory change. However, no difference in
day one change in Hgb (p = 0.42), creatinine (p = 0.07), cal-
cium (p = 0.16), 25(OH)D (p = 0.86), or DBP (p = 0.42) was
observed. The mean (SD) serum 25(OH)D change from morn-
ing of surgery to 1 day post-operatively was —7.6 (5.2) ng/mL
ranging from +0.8 to —25.4 ng/mL. As a result of these chang-
es, if vitamin D inadequacy is defined as a serum total
25(OH)D of <30 ng/mL, ~38% of the participants (15/40)
would be classified as inadequate prior to surgery whereas
~68% (27/40) would be identified as inadequate at day one
after surgery. The prevalence of vitamin D inadequacy was
28% (11/40) at the 6-week post-operative visit. When the 6-
week laboratory parameters were compared with screening
values (Tables 1 and 2), no significant difference was ob-
served for calcium (p = 0.10), creatinine (p = 0.31), albumin
(p = 0.21), 25(OH)D (p = 0.95), DBP (p = 0.27), and free
25(0OH)D (p =0.77). Hgb was lower at 6 weeks than at screen-
ing, 13.1 vs. 13.8 g/dL; p < 0.0001.

Discussion

Laboratory values that advocated for FLS quality metrics are
uniformly and significantly reduced in the interval shortly
after elective total hip arthroplasty and do not reliably reflect
an individual’s baseline status. Thus, laboratory evaluation
immediately following surgery to seek secondary causes of
osteoporosis is likely an inappropriate use of limited
healthcare resources and could lead to incorrect diagnoses
and/or interventions. Decrements in laboratory values ob-
served in this study returned to pre-operative levels at the 6-
week post-surgical evaluation, suggesting that this visit may
be preferred for collecting patient samples needed to identify
secondary causes of osteoporosis.

Assessment of vitamin D status in fragility fracture patients
is justified as up to 50% of women with hip fracture have
25(0OH)D values <12 ng/mL, and 96% are below 32 ng/mL
[23, 24]. However, recent reports of ~20-40% decrements in
serum 25(OH)D following surgery suggest that the reported
prevalence of vitamin D inadequacy in post-surgical patients
may not reflect their true baseline status [25, 26]. In our study,
serum 25(OH)D is reduced from the pre-operative level by a
mean of 21% the day after surgery (with a decrease ranging up
to 34%). As a consequence, more participants, i.e., 68 vs.
38%, would be classified as vitamin D insufficient using a
25(0OH)D threshold of 30 ng/mL. The reduction in total
25(0OH)D observed is less than that reported after knee re-
placement (40%) [25] but very similar to the 18% reduction
observed in 24 knee and 6 hip replacement patients [26].
Additionally, the approximate doubling of the urinary DBP/
creatinine ratio is similar to that previously reported by
Waldron et al. [26].
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Table 1 Routine laboratory
values (n = 40)

Time point Hgb Calcium Creatinine Albumin ALP
(g/dL) (mg/dL) (mg/L) (g/dL) (U/L)
2 weeks before 13.8 (1.2) 9.3(04) 0.82 (0.16) 3.9 (0.3) 82 (19)
Day of surgery 13.6 (1.3) 9.1(0.3) 0.85 (0.16) 3.7(0.3) 78 (17)
24 h after surgery 10.9 (1.2) 8.3(0.3) 0.77 (0.16) 3.0 (0.2) 61 (16)
6 weeks after 13.1 (1.1) 9.2 (0.3) 0.80 (0.15) 3.9(0.3) 93 (23)

surgery

Data as mean (SD)

The present study differs in important ways from previous
reports. No prior study documented stable laboratory values at
two time points in advance of the surgery. Moreover, no prior
study directly measured free 25(OH)D in the acute surgical
setting. Reid et al. [25] reported calculated (not directly mea-
sured) free 25(OH)D values with ~40% reduction on post-
operative day one. However, the accuracy of calculated free
25(OH)D values has been questioned [27]. Importantly, in the
present study, only participants undergoing total hip
arthroplasty were enrolled, and the results were not pooled
with patients undergoing a diversity of orthopedic surgeries
as previously described.

The mechanism(s) of the observed changes in vitamin D-
related analyte levels are unclear. Some have suggested that
serum 25(OH)D is a “negative acute phase reactant” due to a
correlation of increased circulating inflammatory marker levels
with reduced 25(OH)D [25, 26, 28]. However, most studies
report associations, i.e., a post-operative decrease in 25(OH)D
correlates with the surgery-induced increase in inflammatory

markers [29]. It has been hypothesized that proinflammatory
cytokines could decrease 25(OH)D due to increased 1 alpha-
hydroxylation [28, 30]. This possibility was not explored in this
study but is worthy of further evaluation. Existing studies testing
for a causal relationship between inflammation biomarkers and
25(0OH)D changes are contradictory. Supporting a direct effect
of inflammation is the report of a ~30% 25(OH)D reduction in
patients experiencing the acute phase response following intra-
venous bisphosphonate therapy [31]. Conversely, two studies of
acute medical illness did not observe 25(OH)D changes but
samples were obtained after illness onset [32, 33] while reduced
25(0OH)D was observed in acute pancreatitis patients [34]. Such
conflicting reports of decreased 25(0OH) levels with medical
illness (albeit limited) raise the possibility that the changes we
observe are, at least in part, the consequence of surgery (e.g.,
blood loss) and anesthetic management rather than inflamma-
tion as the causal mechanism.

To summarize, it is unclear why 25(OH)D is reduced fol-
lowing surgery. Hypotheses include increased intracellular
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Table 2 Vitamin D-related

laboratory values (1 = 40) Time point Total 25(OH)D Free 25(OH)D Serum DBP Urine DBP to creatinine
(ng/mL) (pg/mL) (mg/dL) ratio (ng/mg)
2 weeks before 37.1 (15.9) 793.3) 37.3(10.4) 61.8 (29.6)
Day of surgery 34.9 (15.2) 8.0 (3.5) 383 (11.9) 753 (47.4)
24 h after surgery 27.3 (12.0) 743.2) 32.5(7.0) 100.0 (62.7)
6 weeks after surgery 37.2(13.7) 8.0(3.4) 39.5(12.8) 81.6 (51.1)

Data as mean (SD)

uptake and/or consumption of 25(OH)D in the immediate
post-operative interval when demands for tissue regeneration
are high. Additionally, increased volume of distribution, ca-
tabolism, and clearance of vitamin D-related analytes from the
intravascular compartment, or increased urinary loss, are fur-
ther non-exclusive potential mechanisms that await testing,
particularly in view of reduced serum DBP and increased
urinary DBP/creatinine ratio seen immediately after surgery.
Further studies to define the mechanism(s) of the observed
changes are needed [35].

Regardless of the mechanism(s) by which 25(OH)D is re-
duced, potential consequences of this decline are worthy of
consideration. At a minimum, early post-operative 25(OH)D
values should not be used as a basis upon which to initiate
pharmacologic vitamin D treatment, i.e., a low value should
not mandate prescription of high-dose vitamin D supplemen-
tation. Nonetheless, one could speculate that a low 25(OH)D
level in the immediate post-operative interval might reflect a
reduction in supply of a vitamin important in tissue repair and
regeneration at a time of great demand. Consequently, we

believe that this observation should not be dismissed as a
laboratory phenomenon of no consequence. Indeed, a recent
systematic review found that low vitamin D status is associat-
ed with adverse outcomes following surgery in 84% of 31
studies considered [36]. Of potential direct relevance to hip
surgery/hip fracture patients is a report that low 25(OH)D
correlated with higher rates of post-operative medical compli-
cations [37], greater duration of hospital stay [38], and, also,
that low vitamin D status impairs strength recovery following
orthopedic surgery [39]. One prospective study of ICU pa-
tients with 25(OH)D of <20 ng/mL found that high-dose vi-
tamin D treatment did not reduce length of stay, hospital mor-
tality, or 6-month mortality in those with less severe deficien-
cy at baseline. However, this regimen reduced absolute risk of
in-hospital mortality by 17.5% in patients with 25(OH)D
levels of <12 ng/mL [40]. Whether vitamin D supplementa-
tion before, after, and even possibly during surgery has the
capacity reduce complications is presently unknown; addi-
tional randomized trials to explore this possibility are clearly
indicated. In the interim, as vitamin D inadequacy can
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promptly and safely be corrected [41], measurement of serum
25(OH)D and correction of vitamin D deficiency, when pres-
ent, seem prudent prior to elective surgical procedures.
Similarly, given the high prevalence of low vitamin D status
among older adults, routine provision of vitamin D immedi-
ately prior to and/or following hip fracture repair is
reasonable.

With regard to free 25(OH)D, the relative stability of its
concentration, i.e., an ~8% decrement vs. an ~21% decline of
total 25(OH)D, may indicate that its serum level is less affect-
ed by a reduction in circulating DBP concentration. If con-
firmed, and if free 25(OH)D is in fact the biologically active
form of 25(OH)D, the observed increase in vitamin D inade-
quacy (as currently defined by measurement of total
25(0OH)D) may lack profound physiologic consequences.
However, such speculation is pre-mature as direct measure-
ment of free 25(OH)D is in its infancy, and the physiologic
significance of free 25(OH)D levels in plasma remains to be
established.

Strengths of the present study include a prospective
design that allows longitudinal documentation of labora-
tory results prior to surgery in the same participants, use
of robust chromatographic total 25(OH)D measurements
traceable to the NIST standards, ample power to detect
small changes in 25(OH)D levels, and a uniform surgical

@ Springer

procedure of comparable magnitude to that required for
hip fracture repair. Several limitations are noteworthy.
Patients undergoing acute hip fracture repairs were not
enrolled, as it is impractical to prospectively investigate
stable, baseline laboratory values before hip fracture sur-
gical repair; thus, a surrogate surgical procedure is re-
quired. We believe that extrapolation of observations in
patients undergoing elective total hip arthroplasty to
post-hip fracture patients is reasonable in view of similar
ages, presence of comorbidities, similar anesthetic man-
agement, and comparable magnitude of surgical interven-
tion. Study of hip fracture patients is unlikely to add
clarity as laboratory results obtained at the time of emer-
gency department presentation are unlikely to reflect sta-
ble baseline status given variable amounts of time be-
tween fracture occurrence and initiation of medical care.
Although it is unknown how well elective total hip
arthroplasty for osteoarthritis models hip fracture repair,
we suggest that disparities from baseline laboratory
values might well be greater in hip fracture patients
due to events following fracture, e.g., blood loss, dehy-
dration, fluid shifts, pain, inflammatory changes, etc. The
present investigation was not designed to resolve the
time course of return of laboratory indices to baseline
status in the interval between the first day after surgery
and the 6-week post-operative visit. Whether levels re-
turn rapidly, slowly, or vary between patients, is amend-
able to further investigation and appears well warranted.
Additionally, this study did not test for correlations be-
tween post-operative laboratory results and surgical out-
comes. In a recent systematic review, low vitamin D
status in the perioperative interval was found to be asso-
ciated with multiple, severe outcomes including surgical
site, periprosthetic and hospital acquired infections, de-
creased Harris hip scores after hip arthroplasty, and re-
duced quality of life scores [36].

In conclusion, multiple laboratory values decline immedi-
ately after total hip arthroplasty. In view of these data, and the
data of others, we propose that laboratory evaluation for sec-
ondary causes of osteoporosis should not be performed in the
immediate post-operative interval but rather should be done at
a subsequent follow-up visit. We further report that serum total
25(0OH) levels are at their lowest levels immediately following
surgery when demands for bone, muscle, blood vessel, and
skin regeneration are at their greatest. Whether or not such
post-operative “vitamin D inadequacy” is compatible with
optimal post-operative care is a testable hypothesis of high
priority. Optimal serum 25(OH)D levels for daily life are con-
troversial and intensely debated [42, 43]. Similarly, optimal
serum 25(OH)D levels for recovery from surgery and trauma
are unknown but knowable, thereby compelling prospective
cohort investigation of the kinetics and dynamics of vitamin
D-related analytes during surgical care.
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