
© 2018 Zajonz et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Clinical Interventions in Aging 2018:13 1429–1435

Clinical Interventions in Aging Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1429

O r I g I n A l  r e s e A r C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/CIA.S171307

The significance of the vitamin D metabolism 
in the development of periprosthetic infections 
after THA and TKA: a prospective matched-pair 
analysis of 240 patients

Dirk Zajonz1,2,*
Florian Prager1,*
Melanie edel1,2

Robert Möbius1,2

Alexandros Daikos1

Johannes KM Fakler1

Christoph Josten1,2

Jürgen Kratzsch3

Andreas roth1,2

1Department of Orthopaedics, 
Trauma and Plastic surgery, University 
Hospital Leipzig, Leipzig, Germany; 
2ZESBO – Zentrum zur Erforschung 
der Stuetz- und Bewegungsorgane, 
Leipzig, Germany; 3Institute of 
Laboratory Medicine, Clinical 
Chemistry and Molecular Diagnostics, 
University of Leipzig, Leipzig, 
germany

*These authors contributed equally 
to this work

Background: The importance of the vitamin D homeostasis in infections is already known. 

However, its significance in periprosthetic infections (PPIs) after total hip arthroplasty and total 

knee arthroplasty is largely unexplored. The aim of the study is to precisely analyze the vitamin 

D balance in patients with PPIs after total hip arthroplasty and total knee arthroplasty. Here, cases 

with primary endoprosthesis implants and aseptic loosening are used as comparison groups.

Materials and methods: In this prospective matched-pair analysis, patients with PPI at the 

hip and knee joints were included in the study group (SG). The control groups (CGs) consisted 

of patients with primary implants (CG I) and who underwent replacement surgery due to aseptic 

loosening (CG II). In addition to 25 OH vitamin D3 and calcium, bone mineral and protein 

parameters were determined. An osteoporosis-specific questionnaire was collected.

Results: There are no significant differences in the 25 OH-vitamin D levels between the SG 

(17.9±8.9) and both CGs (CG I: 16.8±6.90; CG II: 19.7±7.90). However, compared with the 

SG, significantly higher levels of calcium (Ca) and bone-specific alkaline phosphatase were 

found in both CGs in comparison with the SG. Significantly lower values concerning the 

protein balance in PPI were conspicuous. Acute PPI showed a significant reduction in 25 OH 

vitamin D3 compared with chronic infections (8.3±5.98 vs 21.6±8.40, P=0.002). Calcium and 

protein balance were also significantly reduced in acute PPIs.

Conclusion: Acute PPIs of the hip and knee joints show a significantly reduced calcium and 

25 OH vitamin D3 levels as well as lowered proteins (albumin and total protein) compared 

with chronic infections as well as primary endoprostheses and aseptic replacement operations. 

Substitution of vitamin D3 and calcium with simultaneous adaptation of the protein balance is 

recommended in all PPIs, especially in the acute PPI.

Keywords: periprosthetic infection, protein deficiency, THA, TKA, vitamin D deficiency

Introduction
The importance of the vitamin D balance in infections is already known and scien-

tifically proven. Vitamin D activates T lymphocytes and stimulates them to divide 

by means of an upregulation of antimicrobial peptides LL-37 and beta-defensins 2.1 

Furthermore, vitamin D receptor polymorphism have essential immunomodulatory 

effects relating to infections.2 Especially in pathogens such as the influenza A virus, 

Mycobacterium tuberculosis and the HIV type 1, a strong interaction with vitamin D is 

described.3 The importance of vitamin D insufficiency in patients with severe sepsis is 

also known. Hence, in this study, patients with massive vitamin D deficiency showed a 
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significantly higher mortality rate.4 Tiwari et al proved with his 

investigation that a strong vitamin D deficiency is associated 

with increased cytokine concentrations in diabetics, which 

had a negative impact especially on those with a foot infec-

tion.5 However, despite these works, the role of vitamin D in 

periprosthetic infections (PPIs) is largely unexplored. In this 

context, Maier et al compared the vitamin D level in patients 

with PPI at the hip and knee joints with patients with aseptic 

loosening in these joints. Here, this working group found 

a significantly lower vitamin D level in patients with PPI 

compared with patients with aseptic loosening.6 In contrast 

to this work, Signori et al describe a significantly higher 

vitamin D level in patients with PPI compared with patients 

with aseptic loosening.7 It is assumed that different sunlight 

exposures of patients in Italy and Germany as well as various 

selections of patient groups without strict exclusion or inclu-

sion criteria are the reasons for these differences.6,7 However, 

a clear declaration is not evident from the two publications. 

It is also striking that none of these studies consider the 

importance of the nutritional status, particularly the protein 

balance. It is known that 99% of the body’s vitamin D exists 

in the protein-bound form. The vitamin D-binding protein 

(VDBP), which serves as the most important carrier protein 

for vitamin D3 and its intermediates, binds about 85%–90%, 

while 10%–15% are bound to albumin and other lipopro-

teins. Less than 1% is present as unbound component of the 

blood (Figure 1). In addition, the importance of the protein 

balance in PPIs is already known. An investigation showed 

that a preoperative albumin of ,35 g/L is associated with a 

sevenfold increased risk of an infection after total endopros-

thesis implantation.8

The aim of this prospective matched-pair analysis is to 

analyze the vitamin D balance in case of PPIs at the hip and 

knee joints. Primary endoprosthesis implantations and cases 

with aseptic loosenings are used as comparison groups.

Materials and methods
In order to plan the study design and estimate an adequate 

sample size, a power analysis (G*Power, version 3.1.9.2.) 

was carried out in advance. Assuming a mean effect size 

Figure 1 Schematic representation of vitamin D metabolism and its influence on infections.
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Table 1 Comparison of the examination groups (SG, CG I [primary arthroplasty], CG II [aseptic revision]) with respect to the number 
of subjects, median age [min–max], number [absolute, %] of male subjects, THA or TKA and known osteoporosis

SG CG I CG II

Number of subjects 80 80 80
Median age in years (min–max) 74 (35–92) 71 (39–87) 70 (40–85)
Number of male patients (%) 39 (48.8) 39 (48.8) 35 (43.8)
Number of THA (%) 38 (47.5) 38 (47.5) 43 (53.8)
Number of TKA (%) 42 (52.5) 42 (52.5) 37 (46.3)
Number of known osteoporosis (%) 21 (26.3) 15 (18.8) 19 (23.8)

Abbreviations: CG, control group; max, maximum; min, minimum; SG, study group; THA, total hip arthroplasty; TKA, total knee arthroplasty.

(d=0.5) and a statistical test power of 80% (1–β=0.8), a 

sample size of 64 patients in every group (64= study group 

[SG] = control group [CG]) was required for the evidence 

of significant differences (α =0.05).

Furthermore, the vote of the university ethics commit-

tee was also positive (025-16-01022016). The study was 

conceived as a prospective monocentric single-center study 

(university maximum care provider in Europe). A matched-

pair analysis was used. All study participants were of 

Caucasian descent.

The SG included patients with infections in their hip and 

knee joint implants, which were determined independently of 

this study. In addition, patients had to have written consent 

to participate in the study and must be at least 18 years of 

age. The definition of a PPI was based on the criteria of the 

International Consensus Meeting on Periprosthetic Joint 

Infection (ICMPJI) in 2013.9 Here, the classification is based 

on major and minor criteria. Major criteria are the presence 

of a fistula or the detection of identical bacteria in multiple 

samples. Minor criteria include inflammatory parameters 

and puncture results. Several of these minor criteria must 

be available.

The CGs were patients with primary implants (CG I) and 

revisions due to aseptic loosening (CG II) that have been 

adjusted according to age, gender and localization (matched-

pair analysis). Aseptic loosening is defined as radiologically 

determined implant loosening with appropriate clinic and 

by puncture excluded PPI. An exclusion from the CG was 

carried out in cases of not suspected joint infection during 

surgery.

A total of 80 patients were included in the SG between 

June 1, 2016, and September 29, 2017. The corresponding 

inclusion in the CGs extended until November 3, 2017, with 

identical start. The CGs were adjusted in accordance with the 

matched pair method according to gender, age and localiza-

tion (total hip arthroplasty [THA] or total knee arthroplasty 

[TKA]) of the SG. The specifics of the individual patient 

groups are shown in Table 1.

The following parameters were determined by peripheral 

venous blood sampling in all patients: 25 OH vitamin D3, 

parathyroid hormones, bone-specific alkaline phosphatase 

(AP), calcium (Ca), albumin, total proteins in serum, 

C-reactive protein (CRP), hemoglobin, creatinine and 

alanine aminotransferase. The blood values were deter-

mined at the time of inpatient admission prior to surgical 

treatment. The vitamin D status was defined as follows: 

deficiency: ,20 ng/mL, insufficiency: 20–29 ng/mL and normal:  

30–100 ng/mL.10

In addition, all patients completed a bone metabolism 

questionnaire with questions about the existence of a known 

osteoporosis including possible treatments, medication (cor-

tisone derivatives, antiepileptic drugs or other psychotropic 

drugs, vitamin D, bisphosphonates, etc.), osteoporotic frac-

tures, sports activities, time spending outdoors with exposure 

to sunlight and eating habits.

The statistical data were evaluated in Microsoft Excel 

2013 (Redmond, WA, USA) and SPSS 24.0 (IBM, Armonk, 

NY, USA). Initially, the data were checked for normal dis-

tribution using the Shapiro–Wilk test. The nonparametric 

Mann–Whitney U test was used to compare the metric scaled 

variables. For the analysis of the nominal and ordinal scaled 

variables, the chi-squared test or Fisher’s test was used. The 

significance level was set to P,0.05.

ethics approval
The ethics committee of the University Hospital Leipzig 

in Germany granted ethical approval (ref. no. 025-16-

01022016). The committee is listed in the Institutional 

Review Board (IRB) of the Office for Human Research 

Protections (OHRP) IORG0001320, IRB00001750.

Consent to publish
Before the beginning of the study, all patients were informed 

and gave their written consent to treatment contract, the study 

and to the publication of their anonymized data.
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Results
The evaluation of the laboratory tests is illustrated in 

Table 2. Significant differences in the CRP levels between 

the SG and both CGs are shown here. Significantly higher 

levels of calcium and bone-specific AP were also found in 

the CGs. However, this could not be confirmed with regard 

to 25 OH vitamin D3. A detailed analysis, which excludes 

patients who had already received antiosteoporotic therapy 

at the time of examination, showed no significant changes 

in these results. It was also noticeable that patients with 

PPI showed significantly lower levels of protein balance 

(albumin in serum, number of patients with lower levels 

of albumin and total protein in serum). The analysis of the 

questionnaires revealed significantly more patients having 

osteoporosis-induced fractures, manifesting a loss of size and 

taking osteoporosis medication corresponding to the higher 

number of patients with known osteoporosis. There were also 

significantly lower values in the SG than in the CG in terms 

of time spending outdoors and moving time (activities such 

as shopping or housework).

A detailed analysis of the SG after exclusion of patients 

who have already received antiosteoporotic treatment (21/80 

excluded) is shown in Table 3. This is divided into acute 

PPI 25.4% (15/59) and chronic infections 74.6% (44/59). 

There were significant differences in bone metabolism (Ca 

and 25 OH vitamin D3) and protein balance (albumin and 

protein in serum) between acute and chronic PPIs (Table 3). 

Moreover, significant differences between acute PPI and CG 

I as well as CG II could be determined.

Discussion
Many aspects of the complex vitamin D metabolism are well 

known and researched. Today, we know that its homeostasis 

depends not only on adequate nutritional intake but also on 

Table 2 Comparison of the examination groups (SG, CG I [primary arthroplasty], CG II [aseptic revision]) with regard to laboratory 
evaluations including inflammatory, osteological and protein parameters and questionnaire evaluation

SG CG I P-value  
(SG vs CG I)

CG II P-value  
(SG vs CG II)

Laboratory test
Hemoglobin in mmol/L (7.2–10.0) 6.3±1.30 8.7±0.72 ,0.001 8.3±0.80 ,0.001
Leukocytes in exp9/L (3.5–9.8) 7.80±2.50 7.25±1.25 0.293 7.10±1.61 0.969
C-reactive protein in mg/L (,5) 61.5±76.0 2.5±3.8 ,0.001 6.2±11.8 ,0.001
Calcium in mmol/L (2.19–2.54) 2.20±0.15 2.35±0.10 ,0.001 2.37±0.10 ,0.001
Patients with lowered Ca values in % 39.0% 4.0% ,0.001 6.3% ,0.001
Alkaline phosphatase in µg/L (5.7–32.9) 1.59±0.61 1.38±0.33 0.027 1.37±0.36 ,0.001
25 OH vitamin D3 in ng/mL (20.0–47.9) 17.9±8.93 16.8±6.90 0.846 19.7±7.90 0.771
Patients with 25 OH vitamin D3 deficiency ,20 ng/mL in % 46.0% 57.0% 0.342 47.5% 0.654
Patients with 25 OH vitamin D3 insufficiency: 20–29 ng/mL in % 37.7% 31.0% 0.492 35.0% 0.720
Patients with normal 25 OH vitamin D3 .30 ng/mL in % 16.3% 12.0% 0.765 17.5% 0.832
Parathyroid hormone in pmol/L (1.6–6.9) 3.85±2.3 4.72±2.5 0.166 4.08±1.8 0.004
Albumin in g/L (35–52) 36.0±6.1 45.0±2.6 ,0.001 43.9±2.9 ,0.001
Patients with lowered albumin values in % 42.0% 1.0% ,0.001 2.5% ,0.001
Serum protein in g/L (63–83) 68.2±7.2 70.1±3.7 0.116 71.6±3.8 0.004
Patients with lowered serum protein values in % 30.0% 5.0% ,0.001 2.5% ,0.001
Creatinine in µmol/L (45–84) 76.0±25.5 77.0±29.7 0.904 73.0±15.5 0.143
Alanine aminotransferase in µkat/L (0.17–0.58) 0.33±0.13 0.35±0.17 0.007 0.30±0.14 0.675
Questionnaire
Taking osteoporosis medication in % 26.3% (21/80) 17.5% (14/80) 0.041 11.3% (9/80) ,0.001
Taking cortisone preparations in % 3.8% (3/80) 5.0% (4/80) 0.797 2.5% (2/80) 0.566
Taking psychotropic drugs in % 2.5% (2/80) 1.3% (1/80) 0.630 2.5% (2/80)
Time spending outdoors in hours 1.0±0.89 2.0±1.30 0.007 2.0±1.25 0.03
Time in motion (shopping, housework) in hours per day 1.0±1.15 4.0±2.91 ,0.001 5.0±2.43 ,0.001
Sports activities in % 13.8% (11/80) 43.8% (35/80) 0.089 32.5% (26/80) 0.139
Sports activities in hours per week 3.5±2.24 3.0±2.79 0.876 3.0±1.94 0.921
Osteoporotic fractures in history in % 23.8% (19/80) 5.0% (4/80) ,0.001 12.5% (10/80) 0.004

Feeling of having lost size in % 15.0% (12/80) 40.0% (32/80) 0.014 46.3% (37/80) ,0.001

Notes: Pathological values are highlighted in italics. Statistically significant values are highlighted in bold. The values are expressed as median (±mean deviation) or as 
percentage (share/total). The standard values or the physiological range are given in brackets.
Abbreviations: CG, control group; max, maximum; min, minimum; SG, study group.
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intact kidney and liver function as well as sufficient exposure 

to sunlight (Figure 1).11,12 Its significance in infections, espe-

cially in septic processes, is also extensively described.2–5,13 

In vitro studies have revealed that vitamin D3 has inhibitory 

effects on strains of Staphylococcus aureus, Streptococcus 

pyogenes, Klebsiella pneumoniae, Escherichia coli and other 

bacteria. In the presence of vitamin D3, they were killed or 

a distinct inhibition of growth was induced.14,15 However, its 

importance in infections of the musculoskeletal system is 

insufficiently evaluated, although a widespread prevalence 

of vitamin D deficiency is known in orthopedic patients.12,16 

So, there is a lack of analyses, especially according to PPIs. 

A paper pointing to the importance of vitamin D in PPIs was 

published by Traven et al in 2017. In a retrospective analysis 

of 126 revisions after THA, its working group ascertained that 

a low vitamin D level was associated with an increased risk 

of complications, especially periprosthetic joint infections, as 

the reason for a revision operation.17 Another interesting work 

was published by Maier et al in 2014. They found an associa-

tion between an extremely low vitamin D level and peripros-

thetic joint infections.6 The authors concluded that vitamin D 

supplementation could be a safe and easy way to reduce the 

risk of PPIs.6 In a study from 2015 Signori et al described 

another thesis.7 Interestingly, all patients with an infection 

showed a higher vitamin D concentration (17.7±5.3 ng/mL) 

than the noninfected patients (15.1±5.6 ng/mL). In particular, 

significantly higher values were observed in patients with 

prosthetic joint infections (18.5±6.5 ng/mL) compared with 

aseptic loosening (13.6±9.4 ng/mL). The authors postulate 

that this is due to a rather unbalanced patient collective or 

the higher average age of Maier’s probands.7 The various 

light exposures of the two study collectives (Maier in the 

area around Mainz in Germany, Signori in the area around 

Milan in Italy) also seem conceivable.10 In our analysis, 

no significant differences between the vitamin D values in 

the CGs and the SG with PPI were found. Nevertheless, 

it should be noted that the majority of all patient groups 

showed a low vitamin D level (Table 2). In our study, it is 

also noticeable that patients of the SG showed a significantly 

worse protein status (Table 2). However, the association of 

hypoalbuminemia and a general protein deficiency with PPI 

has already been proven.18,19Among other things, this relevant 

lack of albumin and protein means that fewer vitamin D can 

be bound to proteins. A closer examination of acute and 

chronic infections indicated that acute PPIs show a significant 

deficiency of vitamin D and calcium. This phenomenon con-

firms the data of Maier et al.6 This compound is also described 

in the studies on sepsis.4 Therefore, it must be assumed that 

no distinction between acute and chronic infections has been 

made in the two described studies, which in turn could explain 

the different results. In a retrospective analysis, the distinction 

between acute and chronic infections seems more important 

Table 3 Comparison of the examination groups with differentiation between acute and chronic infections according to laboratory 
evaluations including inflammatory, osteological and protein parameters

Acute infection Chronic infection P-value

Number of subjects (excluded antiosteoporotic-treated patients) 25.4% (15/59) 74.6% (44/59)
Hemoglobin in mmol/L (7.2–10.0) 5.3±1.53 6.5±1.34 0.015
Leukocytes in exp9/L (3.5–9.8) 11.4±4.3 7.6±1.4 ,0.001
C-reactive protein in mg/L (,5) 176.3±64 27.3±54 ,0.001
Calcium in mmol/L (2.19–2.54) 2.13±0.18 2.23±0.14 0.010
Patients with lowered Ca values in % 73.3% (11/15) 38.6% (17/44) ,0.001
Alkaline phosphatase in µg/L (5.7–32.9) 1.59±0.53 1.59±0.65 0.880
25 OH vitamin D3 in ng/mL (20.0–47.9) 8.3±5.98 21.6±8.40 0.002
Patients with 25 OH vitamin D3 deficiency ,20 ng/mL in % 86.7% (13/15) 45.5% (20/44) ,0.001
Patients with 25 OH vitamin D3 insufficiency: 20–29 ng/mL in % 13.3% (2/15) 50% (22/44) ,0.001
Patients with normal 25 OH vitamin D3 .30 ng/mL in % 0 4.5% (2/44)
Parathyroid hormone in pmol/L (1.6–6.9) 3.99±1.3 3.80±2.6 0.541
Albumin in g/L (35–52) 28.0±7.1 37.7±5.5 0.030
Patients with lowered albumin-values in % 80.0% (12/15) 36.4% (16/44) ,0.001
Serum protein in g/L (63–83) 59±7.12 69.3±6.32 0.040
Patients with lowered serum protein values in % 86.7% (13/15) 22.7% (10/44) ,0.001
Creatinine in µmol/L (45–84) 75±36.1 77±21.9 0.390
Alanine aminotransferase in µkat/L (0.17–0.58) 0.33±0.13 0.32±0.13 0.700
Time spending outdoors in hours 1±0.83 1±0.94 0.340

Notes: Pathological values are highlighted in italics. The values are expressed as median (±mean deviation) or as percentage (share/total). The standard values or the 
physiological range are given in brackets.
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than the distinction between PPI in general and primary 

implantation or replacement surgery. Unfortunately, this 

interesting factor could not be analyzed more precisely due 

to the small size of the SG. The analysis of a larger number of 

patients with PPI seems necessary from this point of view.

Ultimately, our results show that vitamin D deficiency is 

one cause of PPI. This hypothesis could be further substanti-

ated by the determination of the VDBP level in serum.20,21 

However, these investigations are expensive, which is why 

they cannot be comprehensively used. Another possibility 

would be a genetic examination of the gene expression of 

the VDBP, which provides only limited information about 

the absolute VDBP.22 It is known that some gene variations 

influence the expression and treatment of infectious diseases. 

Its significance regarding HIV, tuberculosis and rheumatic 

fever has been well studied.23

Finally, further investigations seem to be necessary in 

order to understand the pathogenesis of vitamin D homeo-

stasis in connection with PPI and to be able to deduce valid 

recommendations for the therapy. Nevertheless, we support 

the thesis that in patients with PPI, especially in acute PPI, 

vitamin D3 should be substituted together with Ca. However, 

this should be done including the protein balance, which 

should also be compensated by food substitution. Therefore, 

further randomized and placebo-controlled studies are also 

required. Because it is largely unclear, whether a substitution 

of vitamin D with or without additional compensation of the 

protein balance also contributes to an improvement in the out-

come of patients with PPI. Although Hegde et al were able to 

show in vivo by means of a PPI mouse model that vitamin D3 

deficiency leads to increased bacterial load as well as neutro-

phil infiltration and that this effect can be reversed by preop-

erative supplementation, valid clinical data are missing.24

Conclusion
In general, all patients showed a low vitamin D level in the 

threshold range, independently of the group. Acute PPIs in 

the hip and knee joints show a significantly lower calcium and 

vitamin D3 levels as well as a reduced protein level (albumin 

and total protein) compared with primary endoprostheses 

and aseptic revisions as well as chronic infections. From 

our point of view, it is, therefore, advisable to replace 

vitamin D3 and calcium while simultaneously adjusting 

the protein balance in all PPIs, especially in the acute PPI.

Limitations
Unfortunately, due to limited financial resources, it has not yet 

been possible to carry out investigations relating to the VDBP 

and the genetic variances. In addition, there is a lack of data 

on the outcome after substitution of the vitamin D balance, 

although the collective is too small for substantial statements. 

Another limitation is the difference in time between inital sur-

gery and observed PPI. This varies considerably between 9 days 

and 42 months. This can significantly influence the results.

Data sharing statement
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are available from the corresponding author upon reason-

able request.
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