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Yoo et al.

Background Autoimmune diseases and bone density loss (osteopenia and osteoporosis) are chronic con-
ditions of complex aetiology that affect diverse populations. Folate may be associated with a higher risk of
these disorders due to its essential role in one-carbon metabolism required for nucleotide synthesis, homo-
cysteine metabolism, and methylation processes. However, the evidence on this association is inconclusive.

Methods We searched MEDLINE, Embase, CINAHL, the Cochrane Library, and the Database of Abstracts
i of Reviews of Effects from inception to February 2024 for systematic reviews and meta-analyses investigat-
ing the associations between folate exposure (dietary intake, supplementation, or blood concentrations)
and any autoimmune diseases or skeletal outcomes. Pairs of researchers screened the retrieved syntheses,
i extracted the relevant data, assessed their risk of bias using the ROBIS tool, and evaluated the credibility :
of the evidence using predefined criteria.
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Results We found 19 reviews reporting 25 unique associations: 15 on autoimmune diseases (multiple scle-
{ rosis, inflammatory bowel disease, psoriasis, human immunodeficiency virus, vitiligo, and systemic lupus
erythematosus) and 10 on skeletal outcomes (fractures and bone mineral density loss). Most of the synthe-
: ses consisted of small-scale case-control studies. The risk of bias in the included syntheses was high. Ow- !
i ingto the small sample sizes, all the unique associations were assessed to be at a weak level of credibility.

{ Conclusions The evidence on the relationship between folate status and autoimmune diseases or skeletal
outcomes was limited in breadth and depth. Most of the 25 unique associations were reported by a single
i synthesis comprising small-scale studies. Subgroup analyses or dose-response analyses were severely lim-
i ited or unavailable. More well-powered, prospective studies investigating the relationships between folate
i and autoimmune and skeletal conditions are warranted. :

. Registration PROSPERO: CRD42021265041.

Autoimmune diseases include a wide range of disorders characterised by chronic inflammation
and tissue and organ damage, which arise from the response to self-antigens [1], an immune-me-
diated attack on the body’s own organs [2]. Both the pathogenesis and the clinical manifestations
of autoimmune diseases are diverse; a complex interaction between genetic variation and envi-
ronmental factors, including infections [1,3,4], has been associated with disease onset, while indi-
viduals can experience acute or chronic symptoms, involving single or multiple organs, or sys-
temic organ failure [3]. The prevalence of autoimmune diseases varies substantially by disease
subtype [5,6], as a consensus on the definitions and criteria of diagnosis has yet to be reached
[6]. Individuals with compromised autoimmunity are more susceptible to cardiovascular dis-
eases [7-10].

Osteoporosis is also a chronic and multifactorial condition characterised by damage to bone tis-
sue or a reduction in bone mineral density and deterioration of bone microarchitecture [11,12].
While old age, malnutrition, and some chronic diseases may contribute to lower bone mineral
density and subsequently increase the risk of fractures, oxidative stress and deficiencies in cer-
tain nutrients with antioxidant properties are thought to play important roles, as well [13,14].

Folate’s functional role is in sustaining an one-carbon metabolism, involving the transfer and
utilisation of one-carbon units in a network of pathways required for DNA and RNA biosynthe-
sis, amino acid metabolism, and methylation processes [15]. The evidence on the relationship
between folate status and the risk of autoimmune or skeletal conditions is rather limited, partly
due to the evolving understanding of the aetiology and scope of these disorders and partly due to
limitations in reporting folate exposure, with many analyses relying on reported dietary intake
which typically lacks accuracy. Several meta-analyses have compared the circulating folate and
vitamin B , concentrations in individuals with various autoimmune diseases with those in healthy
controls and reported inconclusive findings [9,10,16]. The literature on the association between
folate and bone health is even more sparse. In this review, we sought to identify the available
evidence using comprehensive search strategies and critically synthesise the knowledge on this
topic.
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METHODS

We detailed the methodological framework used in this umbrella review in the first publication
in this series [17]. Briefly, we searched MEDLINE, Embase, CINAHL, the Cochrane Library, and
the Database of Abstracts of Reviews of Effects from inception to February 2024 for systematic
reviews and meta-analyses investigating associations between folate intake or status and any
autoimmune or skeletal outcome. We excluded syntheses examining homocysteine as a marker
of folate exposure or those examining multivitamins or multiple nutrients without separate quan-
tification of folate intake, as well as syntheses examining the effect of folic acid supplementation
in reducing the side effects of methotrexate treatment in individuals being treated for rheumatoid
arthritis or multiple sclerosis (because these did not investigate the relationship between folate
exposure and development or treatment of autoimmune diseases). We set no restrictions on the
study population or design of the component studies.

PAPERS

Pairs of reviewers (SY, AM, NJ) screened records in two stages (title/abstract and full-text) in
Covidence (Veritas Health Innovation, Melbourne, Australia) and extracted the data, resolving
discrepancies by consensus. Two researchers (AM, NJ) then assessed the methodological quality
of the included syntheses using the ROBIS tool [18].

We categorised the evidence by type of exposure measure, outcome, and setting (population
subgroups or geographical regions) to identify unique associations (unique exposure - unique
outcome - unique setting). Any syntheses limited to specific population groups (e.g. age group,
country, etc.) were treated as unique. For each category of unique associations, we examined the
evidence for consistency in direction, magnitude, and statistical significance of the summary
effects. If concordant, we selected the evidence with the largest sample size. If discordant, we
selected the evidence based on the largest total sample size; the largest number of cases (for
binary outcomes), recency of publication, and the highest methodological quality, as assessed
by ROBIS. Finally, we evaluated the credibility of the selected evidence using predefined criteria
(Table 1). Directional associations were graded as convincing, highly suggestive, suggestive, or
weak, and null associations were graded as suggestive or weak. For unique associations that were
assessed to be of a highly suggestive level of credibility, we recalculated the summary effects and
95% confidence intervals (CIs); predictive intervals to understand the dispersion of effect sizes
[19]; heterogeneity between the studies using I* and P-value; small study effects using Egger’s
test of symmetry [20] with a significance threshold P<0.10; and excessive significance [21] with
a threshold P<0.10, to the extent allowed by data availability.

Table 1. Criteria for credibility assessment

Category Associations

Directional associations

Convincing

With statistical significance of P<10°°
Based on >1000 cases (or >20000 participants for continuous outcomes)

For which largest component study reports a statistically significant result (P<0.05) and has a 95
prediction interval that excludes the null

Which do not have large heterogeneity (I?<50)

Show no evidence of small study effects (P>0.10) or of excess significance bias (P>0.10)

Highly suggestive With statistical significance of P<10°°

Based on >1000 cases (or >20000 participants for continuous outcomes)

For which largest component study reports a statistically significant result (P<0.05)

Suggestive With statistical significance of P<0.01
Based on >1000 cases (or >20000 participants for continuous outcomes)
Weak With statistical significance of P<0.05
Null associations
Suggestive Based on >1000 cases (or >20000 participants for continuous outcomes)

Which do not have large heterogeneity (I?<50)
With statistical significance of P>0.10
Weak With statistical significance of 0.05<P<0.10
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RESULTS

Overview of the search results

We identified 287 reviews for this umbrella review series [17], of which 19 (15 with meta-analy-
ses) [9-11,16,22-36], investigated the relationships between folate intake/status and the risk of
autoimmune diseases and skeletal conditions (Tables S2a and S2b in the Online Supplementary
Document). Only six reviews (five meta-analyses) [11,31-33,35,36] reported on skeletal condi-
tions. The evidence on autoimmune diseases primarily consisted of case-control studies (n=85),
while the evidence on skeletal conditions primarily consisted of cross-sectional studies (n=50)
and other observational studies (n=33).
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In the meta-analyses, a total of eight categories of outcomes were reported across 25 unique
associations (Tables S3a and S3b in the Online Supplementary Document): multiple sclerosis,
inflammatory bowel disease (any events, Crohn’s disease, ulcerative colitis), psoriasis, HIV, vit-
iligo, systemic lupus erythematosus, fracture, and bone mineral density/osteoporosis. Almost
all of the identified unique associations were reported by a single review. Plasma/serum folate
concentration was studied as the exposure measure in all unique associations. Risk estimates
were reported as the mean differences in all but one association. Dietary folate intake was not
investigated in any review.

Risk of bias assessment

A Overallisk of bias - EEG——s=  \Vhile the overall risk of bias was high for syntheses
Domain 4: Synthesis and findings examining both autoimmune diseases and skeletal
Domain 3: Data collecti d stud; isal I .

omain = Pl coTlechion and Stucy apprasa outcomes (Figure 1, Panels A and B; and Tables S4a

Domain 2: Study identification and selection IEEEEEEEEEE—— . .
o and S4b in the Online Supplementary Document),

Domain 1: Eligibility criteria IEEEEE— . . . .

it varied substantially by domain. Most of the syn-

"l mhow Ul theses had a low risk of bias in the domains of defin-
B Overall risk of bics | —— ing study eligibility (83-85%), data abstraction and
Domain 4: Synthesis and findings G study appraisal (67-69%), and synthesis (67-77%).
Domain 3: Data collection and study appraisal G The risk of bias in the identification and selection of
Domain 2: Study identification and selection ~ IEEEG————— studies was high in approximately half of the syn-
Domain 1: Eligibility criteria 1 — theses reporting on folate status and autoimmune

®High ®Low  Unclear diseases (62%).

Figure 1. Risk of bias assessment of the included syntheses
examining the relationship between folate intake/status and Multip]e sclerosis

autoimmune diseases (Panel A) and folate intake/status and X X X X
skeletal outcomes (Panel B). Five meta-analyses examined the relationship

between plasma/serum folate concentrations and
the risk of multiple sclerosis by synthesising case-control studies [22-26]. All five syntheses
reported null findings, albeit with varying magnitudes: the association was not significantin the
general population (1161 participants, 1132 cases; standardised mean difference (SMD)=0.07; 95%
CI=-0.14, 0.28; I*=81) [24] or in the Chinese population (608 participants, 304 cases; SMD=-0.12;
95% CI=-0.29, 0.04; ?=45.3) [26].

The plasma/serum folate concentrations were not significantly different between individuals
with relapsing multiple sclerosis (643 participants, 344 cases; SMD=-0.14; 95% CI=-0.42, 0.06;
P2=53.6) and those with remitting multiple sclerosis (630 participants, 354 cases; SMD=-0.05;
95% CI=-0.51, 0.40; I*=76) [26].

Inflammatory bowel disease

Mean serum folate concentration was significantly lower in individuals with inflammatory bowel
disease compared to healthy controls (2522 participants, 1062 cases; SMD=-0.46 ng/mL; 95%
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CI=-0.64, -0.27; I*=74) [27]. This inverse association was consistent in the subgroup of studies
conducted in Asia (1609 participants, 662 cases; SMD =-0.56 ng/mL; 95% CI=-0.86, —0.44; ’=64.3)
and Europe (595 participants, 250 cases; SMD =-0.44 ng/mL; 95% CI=-0.62, —0.26; ’=3.1).

There was no significant difference in the mean serum folate concentration between individu-
als with Crohn’s disease and healthy controls (614 participants, 247 cases; SMD=-0.30 ng/mL;
95% CI=-0.63, 0.04; I*=79). However, individuals with ulcerative colitis presented significantly
lower mean serum folate concentrations compared to healthy controls (1831 participants, 680
cases; SMD=-0.50 ng/mL; 95% CI=-0.71, -0.28; I*=63) [27].

A qualitative synthesis reported nine observational studies that measured red blood cell or
serum folate concentrations in a paediatric population with inflammatory bowel disease with
or without controls [28]. The studies were generally small in scale (sample sizes ranging from
41 to 154) and aggregated different subtypes of inflammatory bowel disease. Overall, the stud-
ies reported that 0-40 of the participants had low folate status (red blood cell count <5 ng/mL,
cutoff for plasma concentration not provided).

PAPERS

Psoriasis

Serum folate concentrations were significantly lower in individuals with psoriasis compared to
healthy controls (1645 participants, 740 cases; SMD =-0.94; 95% CI=-1.49, —0.40; I*=95.6) [9]. The
inverse association was consistently observed in a subgroup excluding individuals with psoriatic
arthritis (1014 participants, 517 cases; SMD=-1.24; 95% CI=-2.05, —-0.43; I*=96.7) or a subgroup
of individuals with no prior exposure to methotrexate (769 participants, 393 cases; SMD=-2.13;
950 CI=-3.29, —0.97; 2=97.4).

HIV

Significantly lower plasma folate concentrations were detected in individuals with HIV infec-
tion compared to healthy controls (505 participants, 255 cases; weighted mean difference=-2.74
ng/mL; 95% CI=-5.18, —0.29; ’=97) [29].

Vitiligo

Serum folate concentrations were not significantly different between individuals with viti-
ligo and healthy controls (1050 participants, 672 cases; SMD=-0.24 ng/mL; 95% CI=-0.59, 0.11;
I2=85.5) [16]. The associations remained null in a subgroup of individuals with progressive vit-
iligo (363 participants, 181 cases; SMD=-0.40 ng/mL; 95% CI=-1.55, 0.75; I*=95.7) or stable viti-
ligo (375 participants, 193 cases; SMD=-0.44 ng/mL; 95% CI=-1.41, 0.52; [*=94.3).

Systemic lupus erythematosus

No significant differences in serum folate concentrations were observed between individ-
uals with systemic lupus erythematosus and healthy controls (1166 participants, 532 cases;
SMD=-0.28; 95% CI=-0.67, 0.12; I’=86.7) [10]. The null association remained in a subgroup
excluding paediatric participants (452 participants, 302 cases; SMD=-0.36; 95% CI=-1.15, 0.44;
P=92.7).

Alopecia areata

Three case-control studies examining the relationship between folate status and alopecia areata
were synthesised narratively [30]. Two studies reported no difference in serum folate concentra-
tions between individuals with alopecia areata and healthy controls, while one study reported
that RBC folate concentrations were lower in individuals with alopecia universalis or alopecia
totalis.
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Fracture

In a meta-analysis of prospective cohort studies of older individuals, severe folate deficiency
(range not reported) was associated with an increased risk of fracture (7835 participants; hazard
ratio=1.46; 95% CI=1.06, 2.02; [*=42.3). Low plasma folate status was not associated with an ele-
vated risk of fracture (6470 participants; hazard ratio=0.79; 95% CI=0.56, 1.12; I*=0) [31].

Bone mineral density and osteoporosis

A meta-analysis of cross-sectional studies reported no significant associations between plasma/
serum folate concentrations and low bone mineral density in older women in the femoral neck
(1037 participants; beta coefficient (5)=0.00 nmol/L; 95% CI=-0.03, 0.03; *=0), lumbar spine (1037
participants; =0.01 nmol/L; 95% CI=0.00, 0.01; I*=0), or total hip (6366 participants; $=0.00 nmo-
1/L; 95% CI=0.00, 0.01; 2=78.5) [11].

A meta-analysis of case-control studies reported no significant difference in serum folate con-
centrations between women with osteoporosis and healthy controls (649 participants, 288 cases;
mean difference=-1.54; 95% CI=-3.33, 0.25; I*=94) [32]. In postmenopausal women, however,
a synthesis of cross-sectional studies reported a significant difference in plasma/serum folate
concentrations between women with osteoporosis and healthy controls (2793 participants, 735
cases; SMD=-1.16; 95% CI=-2.23, —0.08; I’=98.9) [33]. The inverse association remained signifi-
cant in a subgroup of European studies (535 participants, 197 cases; SMD=-1.98; 95% CI=-3.70,
-0.25; [?’=98.4) and studies of serum samples (SMD=-1.27; 95% CI=-2.45, —0.10), but not in a sub-
group of Asian studies (350 participants, 172 cases; SMD=-0.28; 95% CI=-0.74, 0.19; ’=76.2) [33].

Credibility assessment

We assessed that all but one of the 25 unique associations had a weak level of credibility, pre-
dominantly due to small sample sizes (Table 2). We downgraded one association because it pro-
vided insufficient data.

Table 2. Identified unique associations between folate status and autoimmune/skeletal outcomes

Author (year)

Total number
(number of Metric
cases

Estimated
P-value

Primary
study design

Summary
estimate (95 Cl)

Outcome, subgroup/setting

Exposure P (%) Credibility

Lietal. (2020) [24] MS, general population cC Plasma 1161 (1132) SMD 0.07 0.513 81 Weak
(-0.14, 0.28)

Pan et al. (2019) MS, Chinese population CcC Plasma 608 (304) SMD -0.12 0.154 45.3 Weak

[26] (-0.29, 0.04)

Pan et al. (2019) MS relapse, general cC Plasma 643 (344) SMD -0.14 0.252  53.6 Weak

[26] population (-0.42, 0.06)

Pan et al. (2019) MS remission, general CcC Plasma 630 (354) SMD -0.05 0.829 76 Weak

[26] population (-0.51, 0.40)

Pan et al. (2017) IBD, general population CcC Plasma 2522 (1062) SMD -0.46 ng/mL  0.000 74 Weak

[27] (-0.64, —0.27)

Pan et al. (2017) IBD, Asia CC Plasma 1609 (662) SMD -0.65ng/mL <0.001 64.3 Weak

[27] (-0.86, —0.44)

Pan et al. (2017) IBD, Europe CC Plasma 595(250) SMD -0.44ng/mL <0.001 3.1 Weak

[27] (-0.62, -0.26)

Pan et al. (2017) Crohn’s Disease, general cC Plasma 614(247) SMD -0.30ng/mL  0.079 79 Weak

[27] population (-0.63, 0.04)

Pan et al. (2017) Ulcerative colitis, general CC Plasma 1831(680) SMD -0.50ng/mL <0.001 63 Weak

[27] population (-0.71, -0.28)

Tsaietal. (2019b)  Psoriasis, general cC Plasma 1645 (740) SMD -0.94 <0.001 95.6 Weak

[9] population (-1.49, -0.40)

Tsai et al. (2019b)  Psoriasis, excluding CcC Plasma 1014 (517) SMD -1.24 0.002 96.7 Weak

[9] individuals with psoriatic (-2.05,-0.43)

arthritis
Tsaiet al. (2019b)  Psoriasis, individuals with CcC Plasma 769 (393) SMD -2.13 <0.001 974 Weak
[9] no exposure to MTX (-3.29,-0.97)
2026  Vol. 16 « 04257 6 www.jogh.org e doi: 10.7189/jogh.16.04257
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Table 2. Continued

Total number

Author (year) Outcome, subgroup/setting st:J\I/n:'liQi,gn Exposure (nu:;l:):sr of Metric est;::::](a;g ) Ei:_"?:::d I (%) Credibility

Deminice et al. HIV, general population ~ CS, PC,CC Plasma 505(255) WMD -2.74ng/mL  0.028 97 Weak

(2015) [29] (-5.18,-0.29)

Tsai et al. (2019a)  Vitiligo, general CcC Serum 1050 (672) SMD -0.24ng/mL  0.178 85.5 Weak

[16] population (-0.59, 0.11)

Tsaietal. (2019a)  Vitiligo - progressive, CC Serum 363(181) SMD -0.40ng/mL  0.495 95.7 Weak

[16] general population (-1.55, 0.75)

Tsaietal. (2019a)  Vitiligo - stable, general CC Serum 375(193) SMD -0.44ng/mL  0.374 94.3 Weak

[16] population (-1.41, 0.52)

Tsai et al. (2021) SLE, general population CC Plasma 1166 (532) SMD -0.28 0.092 86.7 Weak

[10] (-0.67, 0.12)

Tsai et al. (2021) SLE, adults CcC Plasma 452(302) SMD -0.36 0.374 92.7 Weak

[10] (-1.15, 0.44)

He et al. (2021) [31] Fracture, older adults with PC Plasma 7835(NR) HR 1.46 0.021 42.3 Weak
severe folate deficiency (1.06, 2.02)

He et al. (2021) [31] Fracture, older adults with PC Plasma 6470 (NR) HR 0.79 0.182 0  Weak (insuf-
low folate status (0.56,1.12) ficient data)

Van Wijngaarden BMD - femoral neck, older CS Plasma 1037 (NR) B 0.00 nmol/L 1.000 0 Weak

etal. (2013) [11] women (-0.03, 0.03)

Van Wijngaarden BMD - lumbar spine, older CS Plasma 1037 (NR) B 0.01nmol/L  <0.001 0 Weak

etal. (2013) [11] women (0.00, 0.01)

Van Wijngaarden BMD - total hip, older CS Plasma 6366 (NR) B 0.00 nmol/L.  1.000 78.5 Weak

etal. (2013) [11] women (0.00, 0.01)

Zhang et al. (2014) Osteoporosis, older women CC Plasma 649 (288) MD -1.54 0.091 94 Weak

[32] (-3.33,0.25)

Zhao etal. (2021)  Postmenopausal CS Plasma/ 2793(735) SMD -1.16 0.034 98.9 Weak

[33] osteoporosis serum (-2.23,-0.08)

Zhao etal. (2021)  Postmenopausal CS Plasma/ 350(172) SMD -0.28 0.237 76.2 Weak

[33] osteoporosis, Asia serum (-0.74, 0.19)

Zhao etal. (2021)  Postmenopausal CS Plasma/ 535(197) SMD -1.98 0.024 98.4 Weak

[33] osteoporosis, Europe serum (-3.70, -0.25)

Zhaoetal. (2021)  Postmenopausal CS Serum NR(NR) SMD -1.27 0.034 NR Weak

[33] osteoporosis (-2.45, -0.10)

BMD - bone mineral density, CC - case-control study, CS - cross-sectional study, FA - folic acid, HR - hazard ratio, MA - meta-analysis,
MD - mean difference, PC - prospective cohort, RCT - randomised controlled trial, RR - relative risk, SLE - systemic lupus erythemato-
sus, SMD - standardised mean difference

DISCUSSION

Summary of findings

The existing evidence on the associations between folate intake/status and the risk of autoim-
mune diseases and skeletal outcomes is limited in breadth and depth. Among the 25 unique asso-
ciations identified from 19 reviews, 15 reported on eight autoimmune diseases and 10 on frac-
ture and bone mineral density. Most of these outcomes were examined by a single synthesis of
case-control or cross-sectional studies. Subgroup analyses by geographic region were reported
only for three outcome categories (multiple sclerosis, inflammatory bowel disease, postmenopau-
sal osteoporosis), while dose-response relationships were not reported for any outcome. Many of
the included syntheses reported high levels of heterogeneity potentially arising from differences
in disease severity, use of medications, and other comorbidities. The overall risk of bias was high
among the syntheses reporting on autoimmune diseases, particularly in the identification/selec-
tion of eligible evidence, and medium among the syntheses reporting on skeletal outcomes. All
the evidence identified was found to be a weak level of credibility due to the small sample sizes.

Investigations of the relationship between folate status and autoimmune diseases appear to be
an emerging area, with most of the identified evidence in this review having been published in
the last 10 years. This trend may reflect the growing interest in the complex and unclear aetiol-
ogy of these disorders, as well as their increasing global prevalence [4].
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Equity and global health in the evidence on autoimmune and skeletal
outcomes

Most of the included syntheses consisted of studies conducted in both high-income countries
(HICs) and low- and middle-income countries (LMICs), with two qualitative reviews pooling
entirely from studies in LMICs [30,34]. Subgroup analyses by country income level would not
have been feasible, likely owing to the small size of the samples pooled.

A global survey of autoimmune diseases revealed a substantial variation across countries in
age-standardised, disability-adjusted life-years [4]. While the burden of autoimmune diseases
from available evidence appears to be more impactful on HICs compared to LMICs, the authors
if one paper noted potential under-detection of these complex disorders in LMICs due to their
less-developed healthcare systems [4]. Some reports further suggest that certain autoimmune
disorders such as systemic lupus erythematosus may clinically manifest more severely in indi-
viduals of Asian, African, and Hispanic ancestries [37-39].

The global disease burden of low bone mineral density has increased substantially in the last 30
years [40], with South Asia bearing the heaviest burden in terms of morbidity and mortality, and
sub-Saharan Africa experiencing absolute increases in burden. In the context of limited access
to or prioritisation of osteoporosis care in the LMICs [41], more research examining modifiable
lifestyle risk factors for bone health is warranted.

We also note substantial variations in folate-related policy interventions across the countries.
Although we did not identify reviews that directly investigated the impact of folic acid pro-
grammes on the distribution of autoimmune or skeletal outcomes at a population level, policies
such as mandatory folic acid fortification can play an important role in improving folate status
in the population [42].

Biological plausibility of the evidence linking folate with autoimmune
diseases and skeletal conditions

The relationship between folate status and the risk of autoimmune diseases or skeletal outcomes
is not well understood, but likely relates to folate’s functional role in one-carbon metabolism and
perturbations in this network as a consequence of deficient or low folate status [15]. Owing to its
role in de novo nucleotide synthesis and cell proliferation, folate deficiency is hypothesised to be
associated with a compromised immune system and low folate status may contribute to dysregu-
lated proliferation of immune cells [43]. Folate is also involved in the production and maintenance
of regulatory T cells in the gut and microbiome, which play an important role in immune homeo-
stasis [44]. Itis also involved in the methylation processes, which induce epigenetic modifications
in the gut microbiota related to systemic immunity [45-47]. Folate deficiency may also induce
genome instability [48], which may contribute to dysregulation of immune cells. Furthermore,
folate is required for amino acid metabolism and low folate status leads to elevated homocysteine
concentrations, in turn associated with disrupted collagen cross-linking in bone tissue, result-
ing in weakened bone strength [49-51], thereby increasing the risk of osteoporotic fractures.
Evidence on the direct impact of high homocysteine concentration on fracture is scarce [52,53].
Elevated homocysteine may also be related to an increased risk of multiple sclerosis because of
its impact on cell damage and macrophage activation [54] and myeline regeneration [55].

While more knowledge is needed to better understand the pathways potentially linking low folate
status with autoimmune disorders, a recent Mendelian randomisation study [5] reported that a
higher genetically-determined serum folate concentration was significantly associated with a
reduced risk of vitiligo (odds ratio=0.47; 95% CI=0.32, 0.69).

Limitations and next steps

This review has several limitations. First, the volume of evidence was insufficient; only some of
the many different autoimmune diseases or skeletal outcomes were examined in the identified

2026  Vol. 16 « 04257 8 www.jogh.org e doi: 10.7189/jogh.16.04257



Folate and global health: evidence on folate and autoimmune diseases and skeletal outcomes

reviews. Most of the outcome categories were reported by a single review. Second, a predomi-
nant share of the syntheses consisted of case-control studies or cross-sectional studies, where the
temporal relationship between exposure and outcome are difficult to ascertain. The retrospec-
tive nature of the primary studies was a concern particularly for inflammatory bowel disease,
as affected individuals are often at risk of folate deficiency due to malabsorption. Prospective
investigations are needed to answer whether low folate status is associated with the risk of devel-
oping inflammatory bowel disease. Third, the timing of blood sampling relative to the time of
diagnosis was not clearly described and findings may be based on a mixture of chronic and newly
diagnosed individuals with varying levels of severity. Relatedly, the variability of the assays or
the clinical thresholds used in the component studies were not reported. Lastly, our search was
limited to MEDLINE, Embase, CINHAL, the Cochrane Library, and DARE. We were unable to
extend the search to CNKI and Wanfang, as described in the initial protocol, due to resource
constraints. Considering the large volume of nutrition research conducted in China, omission of
these databases may have introduced geographic and publication bias, particularly for autoim-
mune diseases with known regional variability. The potential impact of this bias is not substan-
tial, at present, as research in this field is emerging; however, the Chinese databases should be
included in future studies as evidence develops further.

PAPERS

Current knowledge on the relationship between folate intake/status and the risk of developing
autoimmune or skeletal conditions could benefit from more well-designed, prospective investi-
gations that examine potentially differential risks by age, sex, and other underlying risk factors.
More specifically, longitudinal investigations adjusting for exposures to folic acid fortification,
comorbidities of the study population, and standardised assay methods should be considered in
the future. Genotypes known to be associated with folate status can also be examined to further
strengthen triangulation of the epidemiological evidence.

CONCLUSIONS

We systematically synthesised the evidence between folate intake/status and autoimmune and
skeletal outcomes. The evidence identified was limited in breadth and depth. Most of the 25 unique
associations were reported by a single synthesis comprising small-scale studies. Subgroup anal-
yses or dose-response analyses were severely limited or unavailable. We did not identify any evi-
dence at a suggestive level of credibility or higher. More well-powered, prospective studies inves-
tigating the relationships between folate and autoimmune and skeletal conditions are warranted.

Acknowledgements: We thank Wei Luo and Chantal Nelson in the Health Promotion & Chronic Disease Prevention
Branch of the Public Health Agency of Canada for their insights and support throughout the project as knowledge
users.

Ethics statements: Not applicable.

Data availability: The data supporting the findings of this study are available within the article and its supplementary
materials.

Funding: This study was funded by Canadian Institutes for Health Research (CIHR) Grant FRN-PJT-175263. The funder
had no direct or indirect involvement in the design of the review, data abstraction, synthesis, writing of the report and
decision to submit the manuscript for publication.

Authorship contributions: JL conceptualised the series of umbrella reviews, acquired the funding, and led the project.
LS developed and executed search strategies. SY and AM screened the searched articles and abstracted data from the
included articles. AM and NJ assessed the risk of bias. SY synthesised the evidence and drafted the manuscript. All
authors met routinely via an online conference platform and email correspondence to discuss the project progress and
share feedback. AMacF, AY, HMcN, HM, JL, MR, MS, RM, RPP, SD, and XL provided critical inputs on folate nutrition
and metabolism and folic acid fortification. AK, BY, DB, ET, FM, JL, MPK provided critical inputs on methodological
approaches to evidence synthesis. AS, JL, JSL, HW, PC provided critical inputs on organisation and improvement of the
manuscript. All authors read and approved the final manuscript.

www.jogh.org ¢ doi: 10.7189/jogh.16.04257 9 2026 * Vol. 16 « 04257



Yoo et al.

Disclosure of interest: The authors completed the ICMJE Disclosure of Interest Form (available upon request from the
corresponding author) and disclose no relevant interests.

Additional material

Online Supplementary Document

1 Cooper GS, Stroehla BC. The epidemiology of autoimmune diseases. Autoimmun Rev. 2003;2:119-25.
Medline:12848952 d0i:10.1016/S1568-9972(03)00006-5

2 Rose NR. Prediction and prevention of autoimmune disease in the 21st century: A review and preview. Am J
Epidemiol. 2016;183:403-6. Medline:26888748 doi:10.1093/aje/kwv292

3 Pisetsky DS. Pathogenesis of autoimmune disease. Nat Rev Nephrol. 2023;19:509-24. Medline:37165096
doi:10.1038/s41581-023-00720-1

95
s
=
=
A

2]
=
O
Z
=
o]
=
=y
=
[a

4 CaoF,He YS, Wang Y, Zha CK, Lu JM, Tao LM, et al. Global burden and cross-country inequalities in autoimmune
diseases from 1990 to 2019. Autoimmun Rev. 2023;22:103326. Medline:36958621 doi:10.1016/j.autrev.2023.103326

5Yang H, Song J, Li A, Lv L, Sun X, Mao Y, et al. Genetically predicted levels of folate, vitamin B12, and risk of
autoimmune diseases: A Mendelian randomization study. Front Immunol. 2023;14:1139799. Medline:36969181
doi:10.3389/fimmu.2023.1139799

6 Miller FW. The increasing prevalence of autoimmunity and autoimmune diseases: An urgent call to action
for improved understanding, diagnosis, treatment, and prevention. Curr Opin Immunol. 2023;80:102266.
Medline:36446151 doi:10.1016/j.c0i.2022.102266

7Meune C, Touze E, Trinquart L, Allanore Y. Trends in cardiovascular mortality in patients with rheumatoid arthri-
tis over 50 years: A systematic review and meta-analysis of cohort studies. Rheumatology (Oxford). 2009;48:1309-
13. Medline:19696061 doi:10.1093/rheumatology/kep252

8 Barber CE, Smith A, Esdaile JM, Barnabe C, Martin LO, Faris P, et al. Best practices for cardiovascular disease
prevention in rheumatoid arthritis: A systematic review of guideline recommendations and quality indicators.
Arthritis Care Res (Hoboken). 2015;67:169-79. Medline:25074725 do0i:10.1002/acr.22419

9 Tsai TY, Yen H, Huang YC. Serum homocysteine, folate and vitamin B12 levels in patients with psoriasis: a sys-
tematic review and meta-analysis. Br ] Dermatol. 2019;180:382-9. Medline:30074615 d0i:10.1111/bjd.17034

10 Tsai TY, Lee TH, Wang HH, Yang TH, Chang IJ, Huang YC. Serum homocysteine, folate, and vitamin B12 levels in
patients with systemic lupus erythematosus: A meta-analysis and meta-regression. ] Am Coll Nutr. 2021;40:443-
53. Medline:32702250 doi:10.1080/07315724.2020.1788472

11 van Wijngaarden JP, Doets EL, Szczeciniska A, Souverein OW, Duffy ME, Dullemeijer C, et al. Vitamin B12, folate,
homocysteine, and bone health in adults and elderly people: A systematic review with meta-analyses. J Nutr
Metab. 2013;2013:486186. Medline:23509616 doi:10.1155/2013/486186

12 Kanis JA. Assessment of fracture risk and its application to screening for postmenopausal osteoporosis: Synopsis
of a WHO report. Osteoporos Int. 1994;4:368-81. Medline:7696835 doi:10.1007/BF01622200

13 Voss P, Siems W. Clinical oxidation parameters of aging. Free Radic Res. 2006;40:1339-49. Medline:17090423
doi:10.1080/10715760600953859

14 Zhang YB, Zhong ZM, Hou G, Jiang H, Chen JT. Involvement of oxidative stress in age-related bone loss. J Surg
Res. 2011;169:e37-42. Medline:21529826 doi:10.1016/j.jss.2011.02.033

15 Bailey LB, Stover PJ, McNulty H, Fenech MF, Gregory JF, Mills JL, et al. Biomarkers of Nutrition for Development
- Folate review. ] Nutr. 2015;145:16365-80S. Medline:26451605 d0i:10.3945/jn.114.206599

16 Tsai TY, Kuo CY, Huang YC. Serum homocysteine, folate, and vitamin B 12 levels in patients with vitiligo and
their potential roles as disease activity biomarkers: A systematic review and meta-analysis. ] Am Acad Dermatol.
2019;80:654.e5. Medline:30165163 doi:10.1016/j.jaad.2018.08.029

17 Yoo S, Montazeri A, Bennett D, Bo Y, Chen P, Duthie S, et al. Folate and global health umbrella review series, part
1: methodological framework and syntheses on anaemia and neural tube defects. J Glob Health. 2026;16:04014.
Medline:41612855 doi:10.7189/jogh.16.04014

18 Whiting P, Savovic J, Higgins J, Caldwell D, Reeves B, Shea B, et al. ROBIS: A new tool to assess risk of bias in system-
atic reviews was developed. J Clin Epidemiol. 2016;69:225-34. Medline:26092286 d0i:10.1016/j.jclinepi.2015.06.005

19 Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. Prediction intervals. In: Borenstein M, Hedges LV, Higgins
JPT, Rothstein HR, editors. Introduction to Meta-Analysis. Second edition. Hoboken, New Jersey, USA: John
Wiley & Sons, Inc.; 2021. p. 119-125.

2026  Vol. 16 « 04257 10 www.jogh.org e doi: 10.7189/jogh.16.04257


https://jogh.org/documents/2026/jogh-16-04257-s001.pdf
https://pubmed.ncbi.nlm.nih.gov/12848952
https://pubmed.ncbi.nlm.nih.gov/12848952
https://doi.org/10.1016/S1568-9972(03)00006-5
https://pubmed.ncbi.nlm.nih.gov/26888748
https://doi.org/10.1093/aje/kwv292
https://pubmed.ncbi.nlm.nih.gov/37165096
https://doi.org/10.1038/s41581-023-00720-1
https://pubmed.ncbi.nlm.nih.gov/36958621
https://doi.org/10.1016/j.autrev.2023.103326
https://pubmed.ncbi.nlm.nih.gov/36969181
https://doi.org/10.3389/fimmu.2023.1139799
https://pubmed.ncbi.nlm.nih.gov/36446151
https://pubmed.ncbi.nlm.nih.gov/36446151
https://doi.org/10.1016/j.coi.2022.102266
https://pubmed.ncbi.nlm.nih.gov/19696061
https://doi.org/10.1093/rheumatology/kep252
https://pubmed.ncbi.nlm.nih.gov/25074725
https://doi.org/10.1002/acr.22419
https://pubmed.ncbi.nlm.nih.gov/30074615
https://doi.org/10.1111/bjd.17034
https://pubmed.ncbi.nlm.nih.gov/32702250
https://doi.org/10.1080/07315724.2020.1788472
https://pubmed.ncbi.nlm.nih.gov/23509616
https://doi.org/10.1155/2013/486186
https://pubmed.ncbi.nlm.nih.gov/7696835
https://doi.org/10.1007/BF01622200
https://pubmed.ncbi.nlm.nih.gov/17090423
https://doi.org/10.1080/10715760600953859
https://pubmed.ncbi.nlm.nih.gov/21529826
https://doi.org/10.1016/j.jss.2011.02.033
https://pubmed.ncbi.nlm.nih.gov/26451605
https://doi.org/10.3945/jn.114.206599
https://pubmed.ncbi.nlm.nih.gov/30165163
https://doi.org/10.1016/j.jaad.2018.08.029
https://pubmed.ncbi.nlm.nih.gov/41612855
https://pubmed.ncbi.nlm.nih.gov/41612855
https://doi.org/10.7189/jogh.16.04014
https://pubmed.ncbi.nlm.nih.gov/26092286
https://doi.org/10.1016/j.jclinepi.2015.06.005

Folate and global health: evidence on folate and autoimmune diseases and skeletal outcomes

20 Egger M, Davey Smith G, Minder C. Bias in meta-analysis detected by a simple, graphical test. BMJ. 1997;315:629—
34. Medline:9310563 d0i:10.1136/bmj.315.7109.629

21 Ioannidis JP, Trikalinos TA. An exploratory test for an excess of significant findings. Clin Trials. 2007;4:245-53.
Medline:17715249 doi:10.1177/1740774507079441

22ZhuY, He ZY, Liu HN. Meta-analysis of the relationship between homocysteine, vitamin B 12, folate, and multi-
ple sclerosis. J Clin Neurosci. 2011;18:933-8. Medline:21570300 doi:10.1016/j.jocn.2010.12.022

23 Dardiotis E, Arseniou S, Sokratous M, Tsouris Z, Siokas V, Mentis AFA, et al. Vitamin B12, folate, and homocyst-
eine levels and multiple sclerosis: A meta-analysis. Mult Scler Relat Disord. 2017;17:190-7. Medline:29055456
doi:10.1016/j.msard.2017.08.004

REFERENCES

24LiX, Yuan], Han J, Hu W. Serum levels of homocysteine, vitamin b12 and folate in patients with multiple sclero-
sis: An updated meta-analysis. Int ] Med Sci. 2020;17:751-61. Medline:32218697 d0i:10.7150/ijms.42058

PAPERS

25 Kirsty CW, Mary H, Sumner J. The relationship of cobalamin and/or folate to the patient-centred outcomes
in multiple sclerosis: A systematic review and meta-analysis. Nutr Health. 2022;28:527-42. Medline:35254171
do0i:10.1177/02601060221080240

26 Pan L, Yin Y, Chen J, Ma Z, Chen Y, Deng X, et al. Homocysteine, vitamin B12, and folate levels in patients
with multiple sclerosis in Chinese population: A case-control study and meta-analysis. Mult Scler Relat Disord.
2019;36:101395. Medline:31521916 doi:10.1016/j.msard.2019.101395

27 PanY, Liu Y, Guo H, Jabir MS, Liu X, Cui W, et al. Associations between folate and vitamin B12 levels and inflam-
matory bowel disease: A meta-analysis. Nutrients. 2017;9:382. Medline:28406440 doi:10.3390/nu9040382

28 Fritz J, Walia C, Elkadri A, Pipkorn R, Dunn RK, Sieracki R, et al. A systematic review of micronutrient deficien-
ciesin pediatric inflammatory bowel disease. Inflamm Bowel Dis. 2019;25:445-59. Medline:30137322 do0i:10.1093/
ibd/izy271

29 Deminice R. Elevated homocysteine levels in human immunodeficiency virus-infected patients under antiret-
roviral therapy: A meta-analysis. World J Virol. 2015;4:147. Medline:25964880 d0i:10.5501/wjv.v4.i2.147

30 Thompson JM, Mirza MA, Park MK, Qureshi AA; Cho E. The role of micronutrients in alopecia areata: A review.
Am J Clin Dermatol. 2017;18:663-79. Medline:28508256 doi:10.1007/s40257-017-0285-x

31 He T, Jin X, Koh YS, Zhang Q, Zhang C, Liu F. The association of homocysteine, folate, vitamin B12, and vitamin
B6 with fracture incidence in older adults: a systematic review and meta-analysis. Ann Transl Med. 2021;9:1143.
Medline:34430584 d0i:10.21037/atm-21-2514

32 Zhang H, Tao X, Wu J. Association of homocysteine, vitamin B12, and folate with bone mineral density in post-
menopausal women: A meta-analysis. Arch Gynecol Obstet. 2014;289:1003-9. Medline:24193243 do0i:10.1007/
$00404-013-3075-6

33 Zhao F, Guo L, Wang X, Zhang Y. Correlation of oxidative stress-related biomarkers with postmenopausal oste-
oporosis: a systematic review and meta-analysis. Arch Osteoporos. 2021;16:4. Medline:33400044 doi:10.1007/
$11657-020-00854-w

34 Bagur M]J, Antonia Murcia M, Jiménez-Monreal AM, Tur JA, Mar Bibiloni M, Alonso GL, et al. Influence of diet
in multiple sclerosis: A systematic review. Adv Nutr. 2017;8:463-72. Medline:28507011 do0i:10.3945/an.116.014191

35 Herrmann M, Schmidt JP, Umanskaya N, Wagner A, Taba-Shomal O, Widmann T, et al. The role of hyperhomo-
cysteinemia as well as folate, vitamin B6 and B12 deficiencies in osteoporosis — A systematic review. Clin Chem
Lab Med. 2007;45:1621-32. Medline:18067447 d0i:10.1515/CCLM.2007.362

36 Zhou Q, Zhu L, Zhang D, Li N, Li Q, Dai P, et al. Oxidative stress-related biomarkers in postmenopausal
osteoporosis: A systematic review and meta-analyses. Dis Markers. 2016;2016:7067984. Medline:27594735
doi:10.1155/2016/7067984

37 Carter EE, Barr SG, Clarke AE. The global burden of SLE: Prevalence, health disparities and socioeconomic
impact. Nat Rev Rheumatol. 2016;12:605-20. Medline:27558659 d0i:10.1038/nrrheum.2016.137

38 Danchenko N, Satia J, Anthony M. Epidemiology of systemic lupus erythematosus: A comparison of worldwide
disease burden. Lupus. 2006;15:308-18. Medline:16761508 d0i:10.1191/09612033061u2305xx

39 Krishnan E, Hubert H. Ethnicity and mortality from systemic lupus erythematosus in the US. Ann Rheum Dis.
2006;65:1500-5. Medline:16627544 doi:10.1136/ard.2005.040907

40 GBD 2021 Low Bone Mineral Density Collaborators. The global, regional, and national burden attributable to low
bone mineral density, 1990-2020: an analysis of a modifiable risk factor from the Global Burden of Disease Study
2021. Lancet Rheumatol. 2025;7:€873-94. Medline:40972625 do0i:10.1016/S2665-9913(25)00105-5

41 Cordero DM, Miclau TA, Paul AV, Morshed S, Miclau T III, Martin C, et al. The global burden of musculoskel-
etal injury in low and lower-middle income countries: A systematic literature review. OTA Int. 2020;3:e062.
Medline:33937696 doi:10.1097/019.0000000000000062

www.jogh.org ¢ doi: 10.7189/jogh.16.04257 11 2026 * Vol. 16 « 04257


https://pubmed.ncbi.nlm.nih.gov/9310563
https://doi.org/10.1136/bmj.315.7109.629
https://pubmed.ncbi.nlm.nih.gov/17715249
https://pubmed.ncbi.nlm.nih.gov/17715249
https://doi.org/10.1177/1740774507079441
https://pubmed.ncbi.nlm.nih.gov/21570300
https://doi.org/10.1016/j.jocn.2010.12.022
https://pubmed.ncbi.nlm.nih.gov/29055456
https://doi.org/10.1016/j.msard.2017.08.004
https://pubmed.ncbi.nlm.nih.gov/32218697
https://doi.org/10.7150/ijms.42058
https://pubmed.ncbi.nlm.nih.gov/35254171
https://doi.org/10.1177/02601060221080240
https://pubmed.ncbi.nlm.nih.gov/31521916
https://doi.org/10.1016/j.msard.2019.101395
https://pubmed.ncbi.nlm.nih.gov/28406440
https://doi.org/10.3390/nu9040382
https://pubmed.ncbi.nlm.nih.gov/30137322
https://doi.org/10.1093/ibd/izy271
https://doi.org/10.1093/ibd/izy271
https://pubmed.ncbi.nlm.nih.gov/25964880
https://doi.org/10.5501/wjv.v4.i2.147
https://pubmed.ncbi.nlm.nih.gov/28508256
https://doi.org/10.1007/s40257-017-0285-x
https://pubmed.ncbi.nlm.nih.gov/34430584
https://pubmed.ncbi.nlm.nih.gov/34430584
https://doi.org/10.21037/atm-21-2514
https://pubmed.ncbi.nlm.nih.gov/24193243
https://doi.org/10.1007/s00404-013-3075-6
https://doi.org/10.1007/s00404-013-3075-6
https://pubmed.ncbi.nlm.nih.gov/33400044
https://doi.org/10.1007/s11657-020-00854-w
https://doi.org/10.1007/s11657-020-00854-w
https://pubmed.ncbi.nlm.nih.gov/28507011
https://doi.org/10.3945/an.116.014191
https://pubmed.ncbi.nlm.nih.gov/18067447
https://doi.org/10.1515/CCLM.2007.362
https://pubmed.ncbi.nlm.nih.gov/27594735
https://doi.org/10.1155/2016/7067984
https://pubmed.ncbi.nlm.nih.gov/27558659
https://doi.org/10.1038/nrrheum.2016.137
https://pubmed.ncbi.nlm.nih.gov/16761508
https://doi.org/10.1191/0961203306lu2305xx
https://pubmed.ncbi.nlm.nih.gov/16627544
https://doi.org/10.1136/ard.2005.040907
https://pubmed.ncbi.nlm.nih.gov/40972625
https://doi.org/10.1016/S2665-9913(25)00105-5
https://pubmed.ncbi.nlm.nih.gov/33937696
https://pubmed.ncbi.nlm.nih.gov/33937696
https://doi.org/10.1097/OI9.0000000000000062

95
s
=
=
A

Yoo et al.

)
25|
O
Z
25|
=]
25|
Py
25|
~

42 Crider KS, Qi YP, Yeung LF, Mai CT, Head Zauche L, Wang A, et al. Folic acid and the prevention of birth defects: 30
years of opportunity and controversies. Annu Rev Nutr. 2022;42:423-52. Medline:35995050 doi:10.1146/annurev-
nutr-043020-091647

43 Wu CH, Huang TC, Lin BF. Folate deficiency affects dendritic cell function and subsequent T helper cell differ-
entiation. J Nutr Biochem. 2017;41:65-72. Medline:28040582 d0i:10.1016/j.jnutbio.2016.11.008

44 Molzer C, Wilson HM, Kuffova L, Forrester JV. A role for folate in microbiome-linked control of autoimmunity.
J Immunol Res. 2021:9998200. Medline:34104654 d0i:10.1155/2021/9998200

45 Leddin D, Tamim H, Levy A. Is folate involved in the pathogenesis of inflammatory bowel disease? Med
Hypotheses. 2013;81:940-1. Medline:24045091 doi:10.1016/j.mehy.2013.08.025

46 Shanahan F. The microbiota in inflammatory bowel disease: Friend, bystander, and sometime-villain. Nutr Rev.
2012;70 Suppl.1:S31-7. Medline:22861805 do0i:10.1111/j.1753-4887.2012.00502.x

47 Kellermayer R. Epigenetics and the developmental origins of inflammatory bowel diseases. Can J Gastroenterol.
2012;26:909-15. Medline:23248794 doi:10.1155/2012/526408

48 Mellor C, Larson EA, Wang M. Mechanisms of genome instability from cellular folate stress. J Cell Biol.
2025;224:€202502205. Medline:40824400 doi:10.1083/jcbh.202502205

49 Holstein JH, Herrmann M, Splett C, Herrmann W, Garcia P, Histing T, et al. High bone concentrations of homo-
cysteine are associated with altered bone morphology in humans. Br J Nutr. 2011;106:378-82. Medline:21521540
do0i:10.1017/S0007114511000304

50 Perta-Kajan J, Utyro O, Rusek M, Malinowska A, Sitkiewicz E, Jakubowski H. N-Homocysteineylation impairs
collagen cross-linking in cystathionine f-synthase-deficient mice: A novel mechanism of connective tissue
abnormalities. FASEB J. 2016;30:3810-21. Medline:27530978 d0i:10.1096/fj.201600539

51 Thaler R, Agsten M, Spitzer S, Paschalis E, Karlic H, Klaushofer K, et al. Homocysteine suppresses the expres-
sion of the collagen cross-linker lysyl oxidase involving IL-6, Flil, and epigenetic DNA methylation. J Biol Chem.
2011;286:5578-88. Medline:21148317 do0i:10.1074/jbc.M110.166181

52 McLean RR, Jacques PF, Selhub J, Tucker KL, Samelson EJ, Broe KE, et al. Homocysteine as a predictive factor
for hip fracture in older persons. N Engl ] Med. 2004;350:2042-9. Medline:15141042 doi:10.1056/NEJMo0a032739

53 Abrahamsen B, Madsen J, Landbo Tofteng C, Stilgren L, Bladbjerg E, Kristensen S, et al. A common methylene-
tetrahydrofolate reductase (C677T) polymorphism is associated with low bone mineral density and increased
fracture incidence after menopause: Longitudinal data from the Danish osteoporosis prevention study. ] Bone
Miner Res. 2003;18:723-9. Medline:12674333 do0i:10.1359/jbmr.2003.18.4.723

54 Ramsaransing GS, Fokkema MR, Teelken A, Arutjunyan AV, Koch M, De Keyser J. Plasma homocysteine lev-
els in multiple sclerosis. J] Neurol Neurosurg Psychiatry. 2006;77:189-92. Medline:16421120 doi:10.1136/
jnnp.2005.072199

55 Fahmy EM, Elfayoumy NM, Abdelalim AM, Sharaf SA, Ismail RS, Elshebawy H. Relation of serum levels of homo-
cysteine, vitamin B12 and folate to cognitive functions in multiple sclerosis patients. Int ] Neurosci. 2018;128:835-
41. Medline:29384421 doi:10.1080/00207454.2018.1435538

2026  Vol. 16 « 04257 12 www.jogh.org e doi: 10.7189/jogh.16.04257


https://pubmed.ncbi.nlm.nih.gov/35995050
https://doi.org/10.1146/annurev-nutr-043020-091647
https://doi.org/10.1146/annurev-nutr-043020-091647
https://pubmed.ncbi.nlm.nih.gov/28040582
https://doi.org/10.1016/j.jnutbio.2016.11.008
https://pubmed.ncbi.nlm.nih.gov/34104654
https://doi.org/10.1155/2021/9998200
https://pubmed.ncbi.nlm.nih.gov/24045091
https://doi.org/10.1016/j.mehy.2013.08.025
https://pubmed.ncbi.nlm.nih.gov/22861805
https://doi.org/10.1111/j.1753-4887.2012.00502.x
https://pubmed.ncbi.nlm.nih.gov/23248794
https://doi.org/10.1155/2012/526408
https://pubmed.ncbi.nlm.nih.gov/40824400
https://doi.org/10.1083/jcb.202502205
https://pubmed.ncbi.nlm.nih.gov/21521540
https://doi.org/10.1017/S0007114511000304
https://pubmed.ncbi.nlm.nih.gov/27530978
https://doi.org/10.1096/fj.201600539
https://pubmed.ncbi.nlm.nih.gov/21148317
https://doi.org/10.1074/jbc.M110.166181
https://pubmed.ncbi.nlm.nih.gov/15141042
https://doi.org/10.1056/NEJMoa032739
https://pubmed.ncbi.nlm.nih.gov/12674333
https://doi.org/10.1359/jbmr.2003.18.4.723
https://pubmed.ncbi.nlm.nih.gov/16421120
https://doi.org/10.1136/jnnp.2005.072199
https://doi.org/10.1136/jnnp.2005.072199
https://pubmed.ncbi.nlm.nih.gov/29384421
https://doi.org/10.1080/00207454.2018.1435538

