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Abstract: Objective: Several studies have reported a high prevalence of hypovitaminosis D in
orthopedic patients. The purpose of this prospective observational study was to report on the
prevalence of hypovitaminosis D in patients scheduled for elective primary total knee arthroplasty
(TKA) and its associated risk factors. Methods: In this monocentric cohort study, 25(OH) vitamin D
serum levels were measured in 687 consecutive patients undergoing primary total knee arthroplasty
(TKA) over a period of twelve months. Vitamin D levels were classified into deficiency (<20 ng/mL),
insufficiency (2029 ng/mL), and sufficiency (>30 ng/mL). The study assessed the association of
vitamin D levels with demographic and clinical factors, including age, sex, BMI, smoking status,
and season of measurement. Statistical analyses included chi-square tests, correlation analyses, and
multiple linear regression to identify significant predictors of vitamin D levels. Results: The cohort
had a mean age of 67.70 + 8.95 years and a mean BMI of 31.00 + 5.71 kg/m?. Collectively, 33.9% of
patients were vitamin D deficient, a further 32.9% were insufficient, and only 33.2% were sufficient.
Vitamin D levels varied significantly with the season and were associated with obesity and smoking.
Specifically, there was a small significant inverse correlation between BMI and vitamin D levels
(r=—-0.17, p < 0.01). Furthermore, regular nicotine abuse was linked to lower vitamin D levels
(r=0.14, p < 0.01). Multiple linear regression analysis reveals that age, BMI, nicotine abuse, and
season were small significant predictors of preoperative vitamin D levels (R? = 0.15, adjusted R? = 0.12).
A total of 121 (17.61%) patients reported routine vitamin D intake prior to surgery. Supplementing
patients had a significantly higher mean serum vitamin D level and a significant reduction in the
mean length of in-hospital stay (p < 0.01). Conclusions: The prevalence of vitamin D insufficiency
and deficiency in patients undergoing elective primary TKA is alarmingly high. In ongoing efforts to
optimize the efficacy and outcome of the TKA procedure, orthopedic surgeons should be advised to
strongly implement the role of perioperative vitamin D levels in their routine practice.

Keywords: total knee arthroplasty; vitamin D insufficiency; osteoporosis; hypovitaminosis D;
Germany; prevalence

1. Introduction

Recently, unprecedented interest in vitamin D serum levels in patients undergoing
primary elective joint replacement surgery is evident in the scientific literature [1,2]. This
may be due to the increasing understanding of the role and significance of vitamin D in
maintaining a wide range of physiological functions. Vitamin D has been linked not only to
bone metabolism through the regulation of calcium homeostasis and bone mineralization
but also to muscle function and various autoimmune responses, affecting diseases such
as diabetes, hypertension, multiple sclerosis, and cancer [3-8]. Vitamin D is obtained
through nutritional sources (5-10%) and primarily through cutaneous synthesis under the
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influence of sunlight (80-90%). B photons from ultraviolet sunlight cause the photolysis of
7-dehydrocholesterol to precholecalciferol [9], which is then further processed to Vitamin
D3 (cholecalciferol). Consequently, Vitamin D3 gets hydroxylated in the liver, resulting
in the production of 25-hydroxyvitamin D (25[OH]D), known as the principal circulating
form of Vitamin D. Following hydroxylation in the kidney, mediated by the enzyme 1o-
hydroxylase, the biologically active dihydroxylated form, named calcitriol (1,25[OH]2D),
is formed [7]. Calcitriol exerts its effects through specific vitamin D receptors, regulating
not only calcium metabolism but also the differentiation and proliferation of various cell
types. Notably, hypovitaminosis D is estimated to affect more than one billion people
worldwide, rendering it the most common nutritional deficiency worldwide [7,10,11].
Meanwhile, the number of patients needing primary joint replacement surgery due to
advanced osteoarthritis is estimated to increase sharply in the following years. Inacio
et al. project an increase in the annual volume of primary total knee arthroplasty (TKA)
of 69% by the year 2050 [12]. Similarly, Sloan et al. project the volume of annual TKA
procedures to increase by even 85% [13]. These projections, paired with the knowledge of
pandemic hypovitaminosis D, suggest a high rate of vitamin D insufficiency and deficiency
among patients enrolled for primary TKA. Furthermore, some studies even suggest a
link between hypovitaminosis D and the progression of osteoarthritis [14]. Of note, the
prevalence of hypovitaminosis D depends largely on factors like geographic location,
season, and vitamin D fortification of foods [9,15]. While various studies have explored
the prevalence of hypovitaminosis D in a mostly broad and undefined orthopedic patient
collective, data on the prevalence of vitamin D serum levels in patients undergoing primary
TKA remain largely obscure [16,17]. At the same time, low serum vitamin D levels have
been linked to increased hospitalization rates and worse outcomes following orthopedic
surgical procedures [18-20]. Therefore, precise data on the prevalence and determinants
of hypovitaminosis D in patients undergoing primary TKA are of utmost importance and
have great potential to further improve patient safety and outcomes.

For this reason, it was the primary intention of this study to report on the prevalence
and associated risk factors of hypovitaminosis D in a large monocentric patient cohort
scheduled for primary total knee arthroplasty.

2. Materials and Methods
2.1. Study Design and Setting

This prospective study was approved by the local ethics committee (1/23-me), and
written informed consent was obtained from all study participants. All patients were
prospectively evaluated and included in the study. Patients were recruited from a single
orthopedic university center located at 49.5 degrees north latitude. Patients were enrolled
throughout the year.

2.2. Patient Cohort

All patients scheduled for primary total knee arthroplasty due to primary or secondary
osteoarthritis of the knee were considered eligible for the study. The patient cohort consisted
of 687 patients in total. The mean age was 67.70 + 8.95 years, and the mean BMI was
31.00 £ 5.71 kg/ m?. A total of 57.20% (393 patients) were female, and 42.80% (294 patients)
were male. Enrollment commenced on 17 May 2023, concluding one year later. Limitations
leading to exclusion from the study are defined as follows: (1) patients with an acute
fracture around the knee undergoing arthroplasty, (2) any contraindication to subsequent
vitamin D supplementation if low serum levels were detected, (3) lack of consent to
participate in the study, and patients <18 years of age. If low serum vitamin D levels
were detected, oral vitamin D supplementation was started the following day, usually the
first postoperative day. Furthermore, patient demographics and characteristics (age, BMI,
secondary diagnoses, etc.), as well as administrative data (length of stay, re-admission, etc.),
were assessed.
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2.3. Vitamin D Serum Level Measurements

Serum 25(OH) vitamin D levels as well as parathyroid hormone (PTH) and calcium
levels were measured in eligible patients as part of the routine blood draw on admission
(usually the day before surgery). Eligibility for the study was assessed during preoperative
admission interviews. Serum 25(OH)D levels were assessed throughout the year, with sam-
pling covering all seasons. The cobas® 25-Hydroxyvitamin D Assay (Vitamin D Total) and
the Elecsys PTH (1-84) Assay for the cobas® e411 Analyzer (Roche Diagnostics, Mannheim,
Germany) were used for all samples by the in-house laboratory.

Serum 25(OH)D levels were further classified according to the US Endocrine Society
of Medicine [21]: (1) Deficiency: <19 ng/mL, (2) Insufficiency: 20 ng/mL to 29 ng/mL,
and (3) Sufficiency: >30 ng/mL.

2.4. Surgical Procedure

A standard midline incision and parapatellar medial approach were used in every
case. Regarding implants, a cruciate-retaining implant (NexGen CR Flex, Zimmer Biomet,
Warsaw, IN, USA) was used in most cases. If the posterior cruciate ligament was not intact,
a posterior stabilized (NexGen LPS, Zimmer Biomet, Warsaw, IN, USA) implant was used
instead, and if a higher degree of instability was present, a semi-constrained model (LCCK,
Zimmer Biomet, Warsaw, IN, USA) was used. If any known allergies against the implant
(mostly nickel or cobalt) were known, a hypoallergenic implant was used (GMK Sphere
SensiTin, Medacta International, Castel San Pietro, Switzerland). All implants were fixated
using Palacos bone cement (Palacos R+G, Heraeus Medical, Wehrheim, Germany). Post-
operatively, full weight-bearing as tolerated by pain was permitted, and early functional
rehabilitation was commenced. A total of 2 g of tranexamic acid was instilled intraoper-
atively, followed by 500 mg intravenously 5-6 h after surgery as part of our institutional
fast track concept (if no contraindication was present). This way, drains were widely
avoided. Furthermore, intraoperative infiltration of the capsule and subcutaneous tissue
was performed using local anesthetics, like ropivacaine, thereby lowering the postoperative
demand for opioids.

2.5. Statistical Analysis

Statistical calculations were conducted using IBM SPSS statistical software (IBM Corp.,
2022., IBM SPSS Statistics for Windows, Version 28.0., Armonk, NY, USA). For categorical
data, absolute and relative frequencies were used. The normality of data distribution was
assessed with Kolmogorov-Smirnov and Shapiro-Wilk tests. Depending on these assess-
ments, either parametric or non-parametric tests were utilized accordingly. Differences in
frequencies were evaluated using Chi-Square testing. The mean serum levels of vitamin D,
PTH, and calcium were compared between groups using ANOVA and independent ¢-tests
or their non-parametric equivalents when appropriate. Correlations were evaluated using
linear and logistic regression analyses, including bivariate correlation tests. A p-value of
less than 0.05 was considered statistically significant.

3. Results
3.1. Demographics

During the study period, the 25(OH) vitamin D serum levels of a total of 687 consecu-
tive patients undergoing primary TKA and meeting the inclusion criteria were measured.
Table 1 depicts the demographic and patient-specific characteristics of the study cohort.
The proportions of male and female patients did not differ significantly. There was no
statistically significant difference in age between female and male patients. However,
female patients had a significantly higher mean BMI compared to males (p = 0.01) (Table 1).
The proportion of smokers was not statistically different between the female and male
groups (X2 =3.22,df =1, p = 0.07). The number of 25(0OH) vitamin D measurements was
equall throughout the year.
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Table 1. Patient characteristics.

Patient Characteristics Value
Sex
Male (number, percent) 294, 42 .8%
Female (number, percent) 393, 57.2%
Age (years £ SD) 67.70 £ 8.95
Male 61.10 4 8.59
Female 68.20 4+ 9.20
BMI (kg/mz, + SD) 31.00 £ 5.71
Male 30.33 £5.34
Female 3159 +5.94
Smoker (number, percent) 57, 8.30%
Comorbidities (number, percent)
Diabetes 71,10.30%
Rheumatoid arthritis 20, 2.90%
Tumor disease 7,1.00%
Chronic obstructive pulmonary disease (COPD) 8,1.20%
Chronic kidney disease
Stage II 384, 55.90%
Stage III 75, 10.90%
Stage IV 3, 0.40%

3.2. Vitamin D Status

The majority of patients undergoing primary TKA showed a vitamin D deficiency or
vitamin D insufficiency (deficiency: 33.90%, insufficiency: 32.90%). The mean vitamin D
level of the total cohort was 25.40 & 11.70 ng/mL, and the vitamin D serum levels were not
normally distributed throughout the cohort. There was a statistically significant difference
in the prevalence of hypovitaminosis D (vitamin D deficiency and vitamin D insufficiency)
and vitamin D sufficiency in the study cohort (hypovitaminosis: 66.81%, sufficiency: 33.19%,
X2 =77.67,df =1, p <0.01) (Figure 1). The prevalence of hypovitaminosis D was dependent
on the season of sampling (X? = 8.01, df = 3, p = 0.04), with a particularly high prevalence
of hypovitaminosis D during spring (Figure 2). Furthermore, vitamin D status and obesity,
as measured by the BMI, had a statistically significant association, with a remarkedly
high proportion of hypovitaminosis D, especially among obese patients (BMI > 30 kg/m?)
(X?=14.39, df = 2, p < 0.01) (Figure 3). Normal-weighted patients (BMI < 25 kg/m?)
had a mean vitamin D serum level of 27.64 ng/mL compared to 23.71 ng/mL in obese
(BMI > 30 kg/m?) patients (p = 0.01).

Among patients with regular nicotine abuse, the mean vitamin D serum levels were
significantly lower compared to patients without regular nicotine abuse (non-smoker:
25.74 ng/mL £ 11.64, smoker: 21.07 ng/mL £ 11.34, p < 0.01).

Regarding the duration of in-hospital stay (length of stay, LOS), the mean residence
time was 5.1 £ 2.04 days (min: 2, max: 22). The mean LOS was not significantly different
between patients with hypovitaminosis D and those with adequate vitamin D levels
(hypovitaminosis: 5.15 £ 2.09 days, sufficiency: 5.09 4= 1.96 days, p = 0.74).

A multiple linear regression analysis was performed to evaluate the effect of BMI,
age, sex, nicotine abuse, the season of sampling, history of medication (glucocorticoids,
L-thyroxine, proton-pump inhibitors, and aromatase inhibitors), and secondary diagnoses
(diabetes, rheumatic disease, COPD, and carcinoma) on their potential influence as pre-
dictive variables for preoperative vitamin D serum levels. The multiple linear regression
model explains a significant proportion of the variance of the preoperative vitamin D serum
levels (R2 =0.10, adjusted R? =0.07, p < 0.01). The regression coefficients are summarized in
Table 2. BMI (p < 0.01), nicotine abuse (p < 0.01), rheumatic disease (p = 0.02), and a history
of glucocorticoid or proton-pump inhibitor intake (p = 0.02) were significant predictors of
preoperative vitamin D serum levels.
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Vitamin D status of the TKA cohort

100 Vitamin D Status

80
* p <0.05

60

Percentage %

40

20

Hypovitaminosis Sufficiency
0 Deficiency @ Insufficiency @l Sufficiency

Figure 1. Vitamin D status of the TKA cohort. The prevalence of hypovitaminosis D (insufficiency
and deficiency) was significantly higher than the proportion of patients with normal vitamin D serum
levels. Significances are marked by asterisks (*).
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Figure 2. Bars indicate the relative frequency of patients with vitamin D deficiency, insufficiency, and
deficiency depending on the season. The prevalence of hypovitaminosis D (insufficiency and defi-
ciency) was significantly higher throughout the year compared to vitamin D sufficiency. Significances
are marked by asterisks (*).
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Vitamin D status by BMI
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Figure 3. The relative frequency of hypovitaminosis D (vitamin D deficiency and sufficiency) was
significantly higher in all BMI groups with a particularly high association of hypovitaminosis D in
obese patients (BMI > 30 kg/m?). Significances are marked by asterisks (¥).

Table 2. Predictors of preoperative vitamin D serum levels.

Predictor Coefficient Std. Error T-Statistic = p-Value

Sex 1.30 0.95 1.37 0.17

Age —0.03 0.0 —0.54 0.59
BMI —0.43 0.08 —5.15 <0.01
Nicotine abuse —4.97 1.66 —2.99 <0.01

LOS —0.16 0.24 —0.66 0.51

Secondary diagnoses (rheumatic disease) 6.46 2.69 2.41 0.02
History of medication .(gh.m(.)corticoids or 1.36 0.89 153 0.02

proton-pump inhibitors)
Season —0.06 1.01 —0.06 0.95

Out of the 687 patients enrolled in this study, a total of 121 (17.61%) patients reported
regular vitamin D intake prior to surgery. Among the patients with regular vitamin D
supplementation, only 32 individuals (26.45%) had hypovitaminosis D. Patients with regu-
lar vitamin D intake showed significantly higher mean vitamin D serum levels compared
to individuals without intake prior to surgery (35.55 ng/mL vs. 23.05 ng/mL, p < 0.01).
Furthermore, among patients with regular supplementation, a statistically significant de-
crease in the mean LOS was observable (Table 3). Furthermore, patients who reported a
regular vitamin D intake were significantly older than patients without supplementation
(Table 3). Patients who supplemented vitamin D on a regular basis yielded significantly
higher serum vitamin D levels throughout the year.
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Table 3. Impact of vitamin D supplementation on LOS.
Regular Vit D Intake No Regular Vit D Intake p-Value

Mean LOS (£SD) 5.02 £ 2.00 5.63 £ 2.08 <0.01

Age 69.51 £8.71 67.33 £ 8.97 0.02

BMI 31.00 £ 6.21 30.99 + 5.60 0.98

m: 26.45% m: 46.29%
Sex (m/H f: 73.55% f: 53.71% <0.01

4. Discussion

The main finding of this study is an alarmingly high prevalence of hypovitaminosis D
in patients undergoing routine primary TKA. With a number as high as 68% of patients in
this specific study cohort presenting with unacceptably low serum vitamin D levels prior
to primary TKA, the potential scope and impact on the postoperative trajectory may be of
high clinical significance. Further, we identified smoking and a high BMI as potential risk
factors for low vitamin D levels. Moreover, rheumatic disease and a history of a specific
medication intake (glucocorticoids or proton-pump inhibitors) seem to impact preoperative
vitamin D status.

This reported prevalence is in line with data well-known from the literature. Emara
et al. conducted a systematic review on the prevalence of hypovitaminosis D in patients
undergoing TKA and THA and found a prevalence of 53.4% for vitamin D insufficiency
and 39.4% for vitamin D deficiency, which resembles the values reported in our study [22].
In a survey including approximately 7000 patients, Rabenberg et al. found an even higher
prevalence of 61.6% for vitamin D deficiency in the general German population aged 18
to 79 years [23]. In another nationwide study including more than 1200 patients with
permanent residency in Germany, the prevalence of vitamin D insufficiency and deficiency
was found to be 17% and 75%, respectively [24]. However, the direct comparison of hy-
povitaminosis D prevalence in the literature is often hampered by the usage of inconsistent
thresholds for defining vitamin D insufficiency and deficiency. In the present study, thresh-
olds commonly reported in the field of orthopedics and recommended by The Endocrine
Society were used, thus easing comparability with other scientific literature on the same re-
search topic [10,21,25,26]. While the general prevalence of hypovitaminosis D is considered
to be high in the general population, various studies have demonstrated that especially
orthopedic patient clientele is prone to particularly high rates of vitamin D insufficiency
and deficiency, reaching values of up to 97% with inadequate serum 25(OH) vitamin D
levels [17,27,28]. However, while most of the studies have reported on the prevalence of
hypovitaminosis D in an unselected orthopedic patient cohort, including patients sched-
uled both for conservative surgical treatment, information on the prevalence and potential
implications of the vitamin D status in a patient cohort specifically enrolled for TKA due to
advanced OA of the knee remains largely obscure [29,30]. To the knowledge of the authors,
this is the first study reporting on hypovitaminosis D prevalence in a large patient cohort
scheduled for primary TKA in Germany.

While the intra- and extraosseous functions of vitamin D are well known, and severely
decreased vitamin D levels are associated with various diseases, like rachitis, inadequate
vitamin D concentrations have been linked with several unfavorable effects following
TKA [31,32]. Moreover, it has been demonstrated that patients with decreased articular car-
tilage thickness are more likely to be insufficient in vitamin D; thus, a low vitamin D status
might be a risk factor for the development of osteoarthritis [33]. Nonetheless, other studies
have failed to report a clear association between vitamin D deficiency and osteoarthritis.
Hence, further studies are required to elucidate the role of vitamin D in osteoarthritis [34].
In addition, vitamin D is important for good muscle function, the osseointegration of ortho-
pedic implants, and the outcome of patients undergoing joint arthroplasty [34]. Hedge et al.
linked vitamin D deficiency prior to planned TKA procedures to a significantly increased
risk of periprosthetic infections and a higher rate of explanted prosthesis one year following
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the index procedure [35]. Furthermore, low vitamin D concentrations in TKA patients have
also been associated with impaired postoperative functional outcomes, a higher rate of
postoperative stiffness, and even non-implanted related complications, like myocardial
infections and deep vein thrombosis, have been shown to be remarkedly higher in pa-
tients with low preoperative vitamin D serum levels [35,36]. These observations are in
line with a reported inverse correlation between preoperative vitamin D levels and the
mean duration of in-hospital stays [1,36]. Multiplying the potential adverse implications of
hypovitaminosis D on the subsequent TKA procedure with the reported high prevalence
of vitamin D insufficiency and deficiency in arthroplasty patients raises the question of
whether there is an indication for universally preoperative screening and vitamin D re-
pletion. From an economic point of view, studies have claimed tremendous cost savings
both by selective and non-selective vitamin D repletion prior to TKA due to the projected
reduction in potential complications [37]. There is also supporting evidence that timely
preoperative vitamin D supplementation can correct most serum vitamin D levels within
several weeks [38]. The data from this study cohort have furthermore impressively demon-
strated how a regular vitamin D intake can successfully prevent inadequate serum vitamin
D levels. Moreover, our data suggest that patients with regular vitamin D supplementation
demonstrate enhanced recovery by a significant reduction in the mean LOS.

Another major finding of the present study was the identification of the risk fac-
tors associated with hypovitaminosis D in elective TKA patients. Thereby, it could be
demonstrated that obesity was a significant and independent risk factor for preoperatively
inadequate vitamin D levels. This is in line with previous findings reporting an associ-
ation between vitamin D deficiency and obesity [17,39]. A possible explanation for this
observation is that vitamin D is tightly bound in fatty tissues, and as such, less circulating
vitamin D is available [39]. Furthermore, preoperative nicotine abuse increased the risk
for hypovitaminosis D significantly. Moreover, the season of vitamin D sampling was an
independent risk factor for inadequate preoperative vitamin D levels, with particularly low
values in spring and winter. Vitamin D deficiency is generally known to decrease during
months with a higher amount of daily sun exposure [40].

5. Conclusions

The prevalence of hypovitaminosis D in patients undergoing elective primary TKA
is alarmingly high. In ongoing efforts to optimize the efficacy and outcome of the TKA
procedure, orthopedic surgeons should be advised to strongly implement the role of
perioperative vitamin D levels in their routine practice.
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