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Abstract

BACKGROUND

Low vitamin D levels are associated with a more severe case of knee osteoarthritis
(OA). However, there are few published reports concerning an association
between vitamin D deficiency and functional status of individuals with OA and
no reports about postural balance in this population.

AIM
To analyze the relationship between vitamin D deficiency and severity, functional
status, and balance in elderly patients with OA.
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METHODS

In this cross-sectional study, 105 elderly patients with hip and knee OA were
included. The severity was assessed by the Kellgren-Lawrence criteria. The
functional status was assessed with the Lequesne index. Postural balance was
assessed using a force platform, and center-of-pressure parameters (velocity at
anteroposterior and mediolateral axis) were used as the balance outcomes. Serum
25(0OH) vitamin D levels were measured using a chemiluminescence method.

RESULTS

Most of the patients (mean age: 70.6 + 6.5 years) were female (n =78, 74.3%). In
the group with vitamin D deficiency, 43 patients (56.6%) had severe OA, while 33
patients (43.4%) had mild or moderate OA (y? test, P = 0.04). Patients with vitamin
D deficiency showed a higher Lequesne index score (Mann-Whitney test, P =
0.04), indicating a worse functional impairment when compared to individuals
with normal vitamin D levels. Additionally, patients with vitamin D deficiency
had worse postural balance according to the Mann-Whitney test (P = 0.03).

CONCLUSION
Vitamin D deficiency is associated with worse severity, functional status, and
postural balance in patients with OA.

Key Words: Osteoarthritis; Elderly; Vitamin D; Disability; Severity; Balance

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the association between vitamin D deficiency and
disease severity, functional status, and postural balance in elderly patients with
osteoarthritis. The severity of osteoarthritis was assessed by the Kellgren-Lawrence
criteria, and the functional status was evaluated with the Lequesne index. Additionally,
postural balance was evaluated using a force platform and center-of-pressure
parameters. We found that vitamin D deficiency was associated with worse severity
and functional status as well as worse postural balance in elderly patients with
osteoarthritis.

Citation: Montemor CN, Fernandes MTP, Marquez AS, Poli-Frederico RC, da Silva RA,
Fernandes KBP. Vitamin D deficiency, functional status, and balance in older adults with
osteoarthritis. World J Clin Cases 2021; 9(31): 9491-9499

URL: https://www.wjgnet.com/2307-8960/full/v9/i31/9491 htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i31.9491

INTRODUCTION

Osteoarthritis (OA) is the most common degenerative disease of the osteoarticular
system. Progression can affect functional status and health-related quality of life,
especially in elderly patients[1,2]. It is estimated to affect about 40% of people over 70
years of age, representing a major cause of morbidity and disability worldwide[2]. It is
characterized by synovial inflammation, followed by subchondral abnormalities
resulting in bone reshaping][3,4]. Genetic factors as well as biomechanical stresses or
changes in the articular joint and synovial membrane are important factors in the
etiology of OA. Risk factors for OA are obesity, trauma, periarticular injury, and
occupational factors[5-8].

Vitamin D plays an important role in calcium homeostasis and mineralization
because it controls calcium and parathormone homeostasis with direct effects on bone
remodeling[9]. Additionally, there is clear evidence of the benefits over different
cellular functions, including muscle mass and strength. Vitamin D receptors have been
identified in skeletal muscles. Vitamin D deficiency decreases receptor expression in
skeletal muscles and loss of muscle mass in elderly patients[10]. Vitamin D supple-
mentation improves quality of life and physical performance in individuals with OA
[11]. On the other hand, vitamin D deficiency is a predictor of reduced muscle strength
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and mass as well as worse physical performance among men and women within 3
years[12].

There is evidence that vitamin D deficiency is associated with severe knee OA[13,
14]. However, there are contrasting results about this topic in different populations,
and the mechanisms between vitamin D and OA are not so clear[15]. Furthermore,
there are only a few published reports suggesting a possible association between
vitamin D deficiency and functional status of individuals with OA[16,17]. There is also
a variety of methods to assess functional status. The Western Ontario and McMaster
Universities (WOMAC) index and Lequesne index are the gold standards, but they are
not always used. Of concern, there are no studies evaluating the association between
vitamin D deficiency in patients with OA and postural balance. Therefore, this study
analyzed the association between vitamin D deficiency and functional impairment and
balance in elderly patients with OA.

MATERIALS AND METHODS

Ethical procedures

This study was approved by the Research Ethics Committee of the University
Pitagoras Unopar. Before any procedure was undertaken, patients received instruction
on the nature of the work and signed a free and informed consent form in which they
agreed to participate in the study.

Study design and population

One hundred and five elderly patients with OA from a subsample of a project on
aging and longevity were included in this cross-sectional study. The project was
developed in a mid-sized city in the south region of Brazil (Londrina, Paran4, Brazil),
which aimed to examine the social and demographic conditions and health indicators
of elderly individuals of this city. The total sample was 508 elderly patients, who were
selected in a random and stratified manner from the records of the Basic Health Units
from this city.

The criteria for inclusion were patients: (1) of both genders; (2) aged 60 years or
older; (3) with a diagnosis of hip and/or knee OA; and (4) who had signed a free and
informed consent form. The criteria for exclusion were individuals: (1) with full or
partial prosthetics in any of the joints evaluated; (2) with a concomitant diagnosis of
other musculoskeletal disorder, such as rheumatoid arthritis, fibromyalgia, systemic
erythematosus lupus, and other rheumatic diseases; (3) with post-traumatic or
postseptic arthritis; (4) with skeletal dysplasia; (5) who were human immunodefi-
ciency virus-positive; (6) who use corticosteroids or immunosuppressive medications;
and (7) who were submitted to arthroplasty (due to the impossibility of functional
status assessment). Additionally, those who did not agree to sign the free and
informed consent form were also excluded from the study.

General characteristics of the population study

A structured interview guide with questions about gender, age, weight, height, and
race was used to characterize the profile of the elderly patients with OA. The formula
weight (kg)/height? (m? was used to calculate the body mass index. Body mass index
is classified as normal range (18-24.9 kg/m?), overweight (25-29.9 kg/m?), and obesity
(=30 kg/m?).

Evaluation of functional status and severity related to OA

The Lequesne index was used to assess the functional status of these patients. This
questionnaire was translated to and validated in Portuguese and is recommended by
the European League of Rheumatology to evaluate OA functional status. It is
comprised of 11 questions involving pain, discomfort, and functional limitation,
specially related to functional status[8,18].

The diagnosis and severity of OA were based on the Kellgren-Lawrence criteria[19]
by an experienced radiologist. The severity of OA was determined by the following
radiographic findings scale: Grade 0, no radiographic changes; grade I, doubtful space
narrowing and possible marginal osteophytes; grade II, possible joint space narrowing
and defined osteophytes observed; grade III, defined joint space narrowing, moderate
multiple osteophytes, subchondral sclerosis, and any possible deformity of bone
contour; and grade IV, remarkable joint space narrowing, severe subchondral sclerosis,
definite deformity of bone contour, and presence of large osteophytes.

WJCC | https://www.wjgnet.com 9493 November 6,2021 | Volume9 | Issue3l |



Montemor CN et al. Vitamin D, functionality, and balance in osteoarthritis

Jaishideng®

Postural balance evaluation

Balance assessments were performed by the same trained examiner. It was quantified
using a force platform (BIOMEC 400; EMG system do Brasil, SP, Ltda). The
participants performed a one-legged stance on the preferred leg, barefoot with their
arms at their sides parallel to their trunk and with eyes open, as described elsewhere
[20]. The 95% confidence ellipse area of center of pressure (A-CoP in cm?) represents
an ellipse area that includes 95% of all CoP positions during a trial. The mean CoP
sway velocity (cm/s) in the anteroposterior direction was the parameter used to assess
postural balance in this population[20].

Serological quantification of vitamin D

Serum 25 (OH) vitamin D levels were measured using a chemiluminescence kit
(Architect iSR2000; Abbott, Chicago, IL, United States). The serum 25 (OH) D level
represents the storage form of vitamin D. The Brazilian Society of Endocrinology and
Metabolism recommends the classification of vitamin D deficiency as serum 25
(OH),D, levels of 20 ng/mL or less, vitamin D insufficiency between 20 ng/mL and 29
ng/mL, and vitamin D sufficiency as more than 30 ng/mL. The patients were divided
into two subgroups of vitamin D levels: Normal and insufficiency/deficiency[21].

Statistical analysis

The Statistical Package for Social Sciences version 20.0 (IBM Corp., Armonk, NY,
United States) was used for statistical data analyses. A CI of 95% and a significance
level of 5% (P < 0.05) were used. The Mann-Whitney test was used to compare
functional status and balance parameters of individuals with OA and insuffi-
ciency/deficiency or sufficiency of vitamin D. The ¥ test was used to assess vitamin D
levels and OA severity. The Spearman correlation was used to evaluate vitamin D
serum levels and functional status of elderly patients with OA.

RESULTS

In this cross-sectional study, 105 elderly patients with OA were recruited. The study
participants were mostly women (74.3%) with a mean age of 70.6 + 6.5 years. The
mean body mass index was 28.0 * 4.7 kg/m?. Thirty-six individuals (34.3%) were
smokers (Table 1).

We compared vitamin D levels and severity of OA based on the Kellgren-Lawrence
criteria. The data were reorganized into mild to moderate radiographic changes
(grades I and II) and severe radiographic changes (grades III and IV). There were
significant differences in the prevalence of radiographic OA and vitamin D deficiency.
There were more severe cases of OA (56.6%) in elderly patients with vitamin D insuffi-
ciency/deficiency (P = 0.04; Table 2).

Individuals with vitamin D deficiency or insufficiency had a higher score on the
Lequesne index (Mann-Whitney test, P = 0.04) when compared to patients with
sufficient vitamin D levels (Figure 1). This indicated a worse functional impairment in
patients with vitamin D deficiency or insufficiency.

Patients with vitamin D deficiency or insufficiency had a significantly higher
velocity value at the anteroposterior axis (median: 3.44 + 1.79) when compared to
patients with sufficient vitamin D levels (median: 2.18 + 0.1, Mann-Whitney test, P =
0.03; Figure 2). Similar results were observed regarding the velocity at the mediolateral
axis for patients with vitamin D deficiency or insufficiency (median: 3.86 + 1.64) when
compared to patients with sufficient vitamin D levels (median: 2.71 + 0.10; Mann-
Whitney test, P = 0.04; Figure 2).

DISCUSSION

The capacity of humans to produce vitamin D decreases in old age[16]. Furthermore,
other risk factors, like malabsorptive diseases, medications that interfere with
absorption, and less exposure to sunlight, increase the likelihood of vitamin D
deficiency/insufficiency in the elderly population[22].In this study, vitamin D
deficiency/insufficiency impacted the severity of hip and/or knee OA. There were
more severe cases in elderly patients with vitamin D deficiency/insufficiency. This
data agrees with a previous report where vitamin D deficiency was associated with an
advanced stage of knee OA[16]. Additionally, a case-control study found a correlation
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Table 1 Characteristics of the population

Variable Mean Standard deviation

Age; BMI 70.6; 28.0 6.5;4.7

Gender; Male; Female; Total Absolute frequency (1) ; 27; 78; 105 Relative frequency (%); 25.7; 74.3; 100.0
Tobacco use; Yes; No Absolute frequency (n); 36; 69 Relative frequency (%); 34.3; 65.7

BMI: Body mass index.

Table 2 Association between vitamin D levels and osteoarthritis severity, n (%)

Vitamin D classification Osteoarthritis severity

Mild or moderate Severe Total
Deficiency /insufficiency 33 (43.4) 43 (56.6) 76 (100.0)
Normal 19 (65.6) 10 (34.5) 29 (100.0)
Total 52 (49.5) 53 (50.5) 105 (100.0)

Statistically significant, y* test, P = 0.04.
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Figure 1 Comparison of functional status (analyzed with Lequesne index) of individuals with osteoarthritis in relation to vitamin D
classification (deficiencylinsufficiency and normal). The boxplots represent the median with interquartile range. The error bars represent minimum and
maximum values for each group. ? Statistically different, Mann-Whitney test, P < 0.05.

between the presence of knee osteophytes (indicating increased severity of OA) and a
decrease of vitamin D[23].

A possible explanation for this observation is that vitamin D reduces the production
of inflammatory cytokines[24,25]. Vitamin D influences cytokines in the synovial fluid
that induce hyperalgesia and are related to the breakdown of cartilage. The major
mediators are tumor necrosis factor-alpha and interleukin-1 beta, which are proinflam-
matory cytokines. They are produced by chondrocytes and stimulate the production of
proteolytic enzymes, such as metalloproteinases. They also induce the production of
other mediators, such as interleukin-6[26].

There are conflicting reports on the association between vitamin D deficiency and
OA. A study of 805 Finnish patients with follow-up for 22 years found that vitamin D
levels were not associated with the incidence of either knee or hip OA[24]. On the
other hand, it was reported that vitamin D deficiency appeared to be associated with
an increased risk of knee OA progression[27]. Additionally, the Osteoporosis Fractures
in Men Study in the United States found a high prevalence of vitamin D deficiency in
hip OA patients and found that these individuals were twice as likely to have hip OA
[28]. The literature shows that vitamin D sufficiency can prevent the occurrence of
osteoporosis of the femoral neck but not OA of the knee or lumbar spondylolysis[29].

Vitamin D deficiency or insufficiency was related to worse functional status when
compared to normal levels in our patient population. Pain is the most prevalent
symptom of OA that leads to functional disability. Studies comparing vitamin D levels
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Figure 2 Comparison of velocity (cm/s) of individuals with osteoarthritis in relation to vitamin D classification (deficiency/insufficiency
and normal). A: Antero-posterior velocity; B: Medio-lateral velocity. The boxplots represent the median with interquartile range. The error bars represent minimum
and maximum values for each group. 2 Statistically different, Mann-Whitney test, P < 0.05. A/P: Anteroposterior; M/L: Mediolateral.
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and pain also have contrasting results[30]. In a trial of 103 knee OA patients that
received oral vitamin D supplements (60000 IU per day for 10 d followed by 60000 IU
once a month for 12 mo) had slightly higher pain and functional scores compared to
those receiving placebos after a follow-up period of 1 year[31]. Joint function in OA is
a good predictor of patient quality of life, and decreased joint function has a negative
socioeconomic impact. In a study of patients with OA undergoing arthroplasty
surgery, vitamin D deficiency was associated with decreased functional status scores.
After the surgery, lower functional status scores were observed in patients with
vitamin D deficiency, but the difference did not reach statistical significance[22].

The most novel finding of this study is that vitamin D deficiency was associated
with balance impairment. CoP parameters from a force platform can directly analyze
balance deficits related to proprioception and postural adjustments (feedback and
feedforward) of the neuromuscular system[32]. Although the relationship between
vitamin D deficiency and muscle weakness is well documented, there is almost no
evidence regarding the effects of vitamin D on balance. Pfeifer et al[33] found that
treatment with 800 IU of vitamin D3 per day reduced body sway in 242 elderly
patients when compared with patients who received the placebo. This evidence agrees
with our data. However, future studies regarding the optimal dose of vitamin D
supplementation for the maximum effect with minimal side effects should be
performed.

This study had some limitations. The small sample size and lack of longitudinal
assessment were the main limitations of this study. This can increase the difficulty to
generalize these findings for other populations and scenarios. Further multicenter
studies are necessary to confirm our results as well as to elucidate the association
between vitamin D deficiency and joint function and balance. More research to
understand the mechanisms of vitamin D deficiency in disease development and
progression will further our understanding of using vitamin D as a preventative or
treatment.

CONCLUSION

Elderly patients with vitamin D deficiency and OA have worse disease severity, poor
functional status, and balance deficit. Future studies with larger sample sizes are
necessary to confirm these observations.

ARTICLE HIGHLIGHTS

Research background

Vitamin D deficiency may be related to osteoarthritis (OA) severity and functional
status. No previous studies have reported an association between vitamin D deficiency
in patients with OA and postural balance.
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Research motivation

Our study aimed to explore the severity, functional status, and postural balance in
elderly patients with OA and their association with vitamin D levels. The differences
might be helpful for proper evaluation and rehabilitation of these patients.

Research objectives
This study aimed to analyze if vitamin D deficiency/insufficiency is correlated to OA
severity, functional status, and postural balance in elderly patients.

Research methods

Elderly patients with hip and/or knee OA were included. Serum 25 (OH) vitamin D
levels were measured using a chemiluminescence method. The severity was assessed
by the Kellgren-Lawrence criteria. The functional status was evaluated with the
Lequesne index. Postural balance was assessed using a force platform, and center-of-
pressure parameters (velocity at anteroposterior and mediolateral axis) were used as
the balance outcomes.

Research results

In this OA population, the patients with vitamin D deficiency had lower functional
status than patients with sufficient vitamin D. Additionally, patients with vitamin D
deficiency had worse postural balance.

Research conclusions

Vitamin D deficiency is associated with worse severity and functional status. We
found for the first time that individuals with OA and vitamin D deficiency have
balance impairment.

Research perspectives

We preliminarily explored the relationship between vitamin D levels and functional
status and postural balance in elderly patients with OA. Further studies should
expand the sample size and adopt a prospective study design to understand the role of
vitamin D deficiency and joint function and balance.
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