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Abstract

Context: Folate deficiency is often observed in patients with
inflammatory diseases, raising questions about its role in
knee osteoarthritis (OA) progression.
Objectives: This study aimed to assess the association of
folate deficiencywith the clinical and radiological severity of
knee OA.
Methods: A prospective cross-sectional study was con-
ducted from January 1, 2019 to January 1, 2020. Primary knee
OApatients referred to orthopedic clinics in Zabol, Iranwere
included. Radiographic severity was gauged utilizing the
Kellgren–Lawrence (KL) classification. For clinical severity,
patients completed the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) questionnaire.
IBM SPSS v.27 facilitated the statistical analysis.
Results: Forty-nine knee OA patients, averaging 67.45±13.44
years in age, were analyzed. Spearman correlation analysis
revealed a negative correlation between folate levels and
both WOMAC and KL scores. The correlation was stronger
between folate and KL score (Spearman correlation coeffi-
cient: −0.75) than between folate and WOMAC total score
(Spearman correlation coefficient: −0.46). Additionally, a
significantly higher KL score was observed in patients with
folate deficiency (p=0.004).
Conclusions: Our study highlights a significant correlation
between folate deficiency and increased severity ofOA,which

is evident in radiological and clinical assessments. These
findings suggest that folate plays a key role in OA pathogen-
esis and could be a modifiable factor in its management.

Keywords: folate deficiency; Kellgren–Lawrence (KL)
classification; osteoarthritis (OA) severity; Western Ontario
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The most noticeable and debilitating symptom of osteoar-
thritis (OA) is pain. Symptomatic therapy remains the only
available treatment for knee OA, making the understanding
of pain causes crucial to the effective treatment of this prev-
alent condition [1]. The primary factors contributing to pain
intensity are believed to be detrimental mechanical stress on
the joint and inflammation, particularly synovitis [2].

One of the primary causes of knee OA is harmful me-
chanical stress across the knee joint [3]. The posture of the
lower limbs is linked to knee OA discomfort. Lower limb
malalignment and high body mass index (BMI) are risk
factors for the development of knee arthritis due to their
relationship with joint strain [4–8].

Moreover, it is widely recognized that inflammation is
connected to the pathogenesis of knee OA. The release of
degenerative compounds from the extracellular matrix
of articular cartilage into the synovial fluid may primarily
cause synovitis in OA, which is a secondary condition
associated with changes in bone and cartilage [9]. This could
expedite cartilage destruction. Because synovitis has been
shown to be a potential marker for knee pain and a pre-
dictive variable for the structural and symptomatic pro-
gression of the disease, the role of synovitis in OA has
recently garnered significant attention [10–14]. Previous
studies have indicated a significant discrepancy between
pain perception and radiographic OA.

Although knee OA is largely viewed as a mechanically
driven disease, it is acknowledged that the presence of low
levels of inflammation can lead to cartilage degeneration
at certain stages of OA [11]. Numerous studies suggest that
inflammatory complement activation and synovium inflam-
mation are crucial factors in knee OA pathogenesis [12, 13].
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Folate, a B vitamin (vitamin B9), serves as a cofactor for
one-carbon transfer reactions. These reactions are involved in
the synthesis of the amino acid methionine, DNA nucleotides,
and in regulating homocysteine levels. Evidence suggests that
these reactions play a role in generating and maintaining in-
flammatory responses. Folate deficiency is commonly observed
in patients with inflammatory diseases [14].

The aim of this study was to evaluate the association of
folate deficiencywith the clinical and radiological severity of
knee OA.

Methods

The present study is a prospective, cross-sectional study conducted from
January 1, 2019, to January 1, 2020, after obtaining ethical approval from
the Ethics Committee of Zabol University of Medical Sciences
(IR.ZBMU.REC.1400.057).

All of the primary knee OA patients who were referred to ortho-
pedic clinics in Zabol, Iranwere included in research utilizing the simple
and convenient sampling technique. Secondary cases of knee arthritis
were excluded. All participants filled and signed a written informed
consent form before participating in the study.

Patients’ data and diagramswere collected via questionnaires, and
body diagrams were completed by the patients. The radiographic
severity was assessed utilizing the Kellgren–Lawrence (KL) classifica-
tion. Two independent orthopedic specialists interpreted the X-rays, and
in cases where their interpretations differed, a radiologist made the
final and correct interpretation. Patients were asked to fill the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC)
questionnaire to measure the clinical severity of their pain.

Sample collection

Blood samples were collected from patients by trained phlebotomists
following an overnight fast to avoid any potential food-induced changes
in serum folate levels. Approximately 5 mL of venous blood was drawn
from each participant and collected in an ethylenediaminetetraacetic
acid (EDTA) tube. Blood samples were immediately centrifuged for

10 min at 4,000 rpm, and the separated serum was stored at −80 °C for
further analysis. Folate levels were determined utilizing the Quanta-
phase Folate Radioassay Kit (Bio-Rad Laboratories, Hercules, CA). Folate
deficiency was defined as a level below 4 ng/mL.

Statistical analysis

Data were analyzed utilizing IBM SPSS v.27 (IBM Corp., Armonk, NY,
USA). Descriptive statistics for normally distributed variables are pre-
sented as mean±standard deviation (SD). The independent t test and
one-way analysis of variance (ANOVA) were utilized to compare quan-
titative variables between groups. The inter-rater reliability was
assessed utilizing the intra-class correlation coefficient (ICC) with a two-
way mixed model of absolute agreement.

To assess the relationship between WOMAC/KL scores and folate
level, we utilized multivariate linear regression models. Each model
includedWOMAC/KL scores as the dependent variable and folate levels
as the independent variable, adjusted for potential confounding factors
like BMI, sex, age, physical activity, smoking, education, alcohol con-
sumption, vitamin D, and ferritin levels.

Tables 1–3 present the results of these multivariate linear regres-
sion models. The models were assessed for the assumptions of linearity,
independence of errors, homoscedasticity, unusual points, and
normality of residuals. We inspected the normal probability plots of the
regression standardized residual for normality, as well as the histo-
grams (Figures 1 and 2).

The Spearman correlation coefficient was utilized to examine the
relationship between nonnormally distributed quantitative variables. A
p value <0.05 was considered to indicate statistical significance.

Results

This study analyzed patients with knee OA symptoms (n=49),
with a mean age of 67.45±13.44 years (range, 45–83 years).
The sample included 26 (53.1 %) male participants, and the
rest (23 [46.9 %]) were females. The patients’mean scores for
pain, stiffness, and daily function were 15.57±2.79, 4.32±1.68,
and 37.71±6.65, respectively, with a mean total score of
67.6±7.49 (Table 1).

Figure 1: Correlations between radiological and clinical scores and folate levels.
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The average daily performance score for the women
surveyed was higher (35.69±6.19) than for the men
(33.84±7.04), whereas the mean scores for joint pain and
stiffness were higher in men (12±2.75 vs. 4.53±1.50).
Furthermore, women with knee pain had a higher overall
WOMAC score than men, although none of these differences
were statistically significant.

Only the daily performance score of OA patients was
strongly correlated with age (p<0.05). The research indicated
that as patients’ age increases, their everyday performance
conditions deteriorate more severely (correlation coeffi-

cient: −0.023). However, age, pain, stiffness, or the patients’
total score did not show any significant statistical association.

In addition, there was no statistically significant rela-
tionship between the patients’ BMI and any of the pain,
stiffness, daily function, or total score scales.

According to the study’s findings, there was no statisti-
cally significant correlation between the total score of pa-
tients with various grades of KL and the scales of pain, joint
stiffness, and daily function. A pairwise assessment of
WOMAC component scores among those with various stages
of the disease demonstrated that there were no significant

Figure 2: The histogram (A) and normal probability plots (B) of the regression standardized residual for the relationship between folate level and
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score.

Figure 3: The histogram (A) and normal probability plots (B) of the regression standardized residual for the relationship between folate level and
Kellgren–Lawrence (KL) score.
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differences in pain, stiffness, function, or total score across
groups of patients with varying degrees of OA (Table 1).

Correlation between WOMAC/KL scores and
folate levels

The results of the Spearman correlation analysis showed a
negative correlation between the folate level and both
WOMAC and KL scores. However, this correlation was
much stronger between folate and KL score (Spearman
correlation coefficient: −0.75) compared to folate and
WOMAC total score (Spearman correlation coeffi-
cient: −0.46) (Table 2, Figure 3).

The KL score was significantly higher among patients
with folate deficiency (p=0.004). Although themeanWOMAC
score among folate-deficient (FD) patients was higher, this
difference was not significant (Table 3, Figure 1).

Discussion

Folate, also known as vitamin B9, plays a crucial role in
many biological processes, including nucleotide synthesis,
amino acid metabolism, and methylation reactions. De-
ficiencies in folate can lead to several health complications
such as megaloblastic anemia, cardiovascular disease, and
potentially certain types of cancers [15, 16]. Additionally,
adequate folate levels have been indicated by several studies
as a prerequisite for the improvement of the processes
associated with inflammation [15–17].

Inflammation is a key player in OA pathogenesis. It reg-
ulates the catabolism and anabolism of the knee joint through
different factors released from synoviocytes and chon-
drocytes. Chemokines and cytokines are also essential for this
process [18]. Importantly, folate deficiency can influence this
inflammatory cascade. It has been shown to reduce T cell
proliferation and cause a decrease in CD8+ T lymphocytes,
which play a critical role in immune responses [19].

Considering the role of inflammation in OA and the ef-
fect of folate on immune response, it is plausible that folate
deficiency could influence OA severity. Indeed, our study
showed that both radiological (KL score) and clinical symp-
toms (WOMAC) increased significantly among patients with
low levels of folate. This association was only significant for
KL score, suggesting a possible link between folate levels and
radiological changes seen in OA.

This aligns with the findings of Xu et al. [19], who re-
ported a significant association between folate deficiency
and radiological severity of knee OA. Their study, however,
did not evaluate the association of folate with the clinical
characteristics of OA, therefore highlighting the novelty of
our study in providing a more comprehensive understand-
ing of the potential role of folate in OA.

Specifically, recent studies have demonstrated that
synoviocytes cultivated under FD conditions exhibit
elevated reactive oxygen species (ROS) production and
increased cytosolic Ca2+ release, leading to apoptotic
lethality [20]. This mechanistic insight is consistent with
our results, suggesting that folate deficiency contributes
to OA pathogenesis not only through impaired immune
response but also by directly exacerbating cellular stress
and apoptosis in joint tissues.

In addition, Hong et al. [21] found that higher levels of
folate were associated with a reduced risk of OA, notably in
weight-bearing joints such as the knee and spine, and this
protective effect was observed in both males and females.
The consistency of these findings across different study
designs reinforces the hypothesis that folate plays a signifi-
cant role in mitigating OA pathogenesis. This convergence of

Table : Comparison of KL grades with the WOMAC scales in the studied
patients.

Variable Grade I
(mean
rank)

Grade II
(mean
rank)

Grade III
(mean
rank)

Grade IV
(mean
rank)

p-Value

Pain . . . . .
Stiffness . . . . .
Daily
performance

. . . . .

Overall score  . . . .

KL, Kellgren–Lawrence; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.

Table : Spearman correlation between WOMAC/KL scores and folate
level.

Variable Spearman correlation coefficient p-Value

WOMAC score −. <.
KL score −. <.

KL, Kellgren–Lawrence; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.

Table : The association between WOMAC/KL scores and folate
deficiency.

Variable Folate deficiency
()

No folate deficiency
()

p-
Value

Mean WOMAC
score

.±. .±. .

Mean KL score .±. .±. .

KL, Kellgren–Lawrence; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.
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evidence highlights folate’s potential as a modifiable factor
in OA management and prevention. The protective effect of
folate against OA progression, as indicated in both studies,
suggests that folate supplementation could be a beneficial
intervention in OA in reducing the risk or severity of OA in
critical joints, underlining its role in preserving the integrity of
chondrocytes and synoviocytes [20, 21]. On the other hand, the
identification of succinate dehydrogenase (SDH)/complex II as
a major site for ROS production under FD conditions offers a
potential therapeutic target to mitigate these effects [20].

Considering our results, checking folate levels in OA
patients could be recommended as part of the evaluation
process. While this does not establish a causal relationship
due to the cross-sectional nature of our study, it does suggest
a potential area for future research and intervention.

Our study had several limitations. First, the sample size
was relatively small. Our second limitation is the lack of
consideration for varus and valgus alignments in relation to
OA severity. These biomechanical factors significantly
impact joint stress, pain, and motion, and their exclusion
from analysis may limit the comprehensiveness of our
findings. Future research should incorporate these me-
chanical aspects to provide a more holistic understanding of
OA progression and treatment efficacy. Lastly, although we
focused on the role of folate in OA, a comprehensive
understanding of vitamin metabolism, including aspects
such as mean corpuscular volume (MCV) and homocysteine
levels, could provide a more thorough insight into the
patients’ metabolic state.

Conclusions

Our study highlights a significant correlation between folate
deficiency and increased severity of OA, which is evident in
radiological and clinical assessments. These findings suggest
that folate plays a key role in OA pathogenesis and could be a
modifiable factor in its management.
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