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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 B12 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.

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 
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, 
extracted the relevant data, assessed their risk of bias using the ROBIS tool, and evaluated the credibility 
of the evidence using predefined criteria.

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-
ing to 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 
synthesis comprising small-scale studies. Subgroup analyses or dose-response analyses were severely lim-
ited or unavailable. More well-powered, prospective studies investigating the relationships between folate 
and autoimmune and skeletal conditions are warranted.

Registration PROSPERO: CRD42021265041.
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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.

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 I2 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 < 10−6

Based on >1000 cases (or >20 000 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 (I2<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 < 10−6

Based on >1000 cases (or >20 000 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 >20 000 participants for continuous outcomes)

Weak With statistical significance of P < 0.05
Null associations
Suggestive Based on >1000 cases (or >20 000 participants for continuous outcomes)

Which do not have large heterogeneity (I2<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).

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
While the overall risk of bias was high for syntheses 
examining both autoimmune diseases and skeletal 
outcomes (Figure 1, Panels A and B; and Tables S4a 
and S4b in the Online Supplementary Document), 
it varied substantially by domain. Most of the syn-
theses had a low risk of bias in the domains of defin-
ing study eligibility (83–85%), data abstraction and 
study appraisal (67–69%), and synthesis (67–77%). 
The risk of bias in the identification and selection of 
studies was high in approximately half of the syn-
theses reporting on folate status and autoimmune 
diseases (62%).

Multiple sclerosis
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 significant in the 
general population (1161 participants, 1132 cases; standardised mean difference (SMD) = 0.07; 95% 
CI = −0.14, 0.28; I2 = 81) [24] or in the Chinese population (608 participants, 304 cases; SMD = −0.12; 
95% CI = −0.29, 0.04; I2 = 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; 
I2 = 53.6) and those with remitting multiple sclerosis (630 participants, 354 cases; SMD = −0.05; 
95% CI = −0.51, 0.40; I2 = 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% 

Figure 1. Risk of bias assessment of the included syntheses 
examining the relationship between folate intake/status and 
autoimmune diseases (Panel A) and folate intake/status and 
skeletal outcomes (Panel B).
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CI = −0.64, −0.27; I2 = 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; I2 = 64.3) 
and Europe (595 participants, 250 cases; SMD = −0.44 ng/mL; 95% CI = −0.62, −0.26; I2 = 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; I2 = 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; I2 = 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).

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; I2 = 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; I2 = 96.7) or a subgroup 
of individuals with no prior exposure to methotrexate (769 participants, 393 cases; SMD = −2.13; 
95% CI = −3.29, −0.97; I2 = 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; I2 = 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; I2 = 95.7) or stable viti-
ligo (375 participants, 193 cases; SMD = −0.44 ng/mL; 95% CI = −1.41, 0.52; I2 = 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; I2 = 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; 
I2 = 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; I2 = 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; I2 = 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 (β) = 0.00 nmol/L; 95% CI = −0.03, 0.03; I2 = 0), lumbar spine (1037 
participants; β = 0.01 nmol/L; 95% CI = 0.00, 0.01; I2 = 0), or total hip (6366 participants; β = 0.00 nmo-
l/L; 95% CI = 0.00, 0.01; I2 = 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; I2 = 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; I2 = 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; I2 = 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; I2 = 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) Outcome, subgroup/setting Primary 
study design Exposure

Total number 
(number of 

cases
Metric Summary 

estimate (95 CI)
Estimated 

P-value I2 (%) Credibility

Li et al. (2020) [24] MS, general population CC Plasma 1161 (1132) SMD 0.07
(−0.14, 0.28)

0.513 81 Weak

Pan et al. (2019) 
[26]

MS, Chinese population CC Plasma 608 (304) SMD −0.12
(−0.29, 0.04)

0.154 45.3 Weak

Pan et al. (2019) 
[26]

MS relapse, general 
population

CC Plasma 643 (344) SMD −0.14 
(−0.42, 0.06)

0.252 53.6 Weak

Pan et al. (2019) 
[26]

MS remission, general 
population

CC Plasma 630 (354) SMD −0.05
(−0.51, 0.40)

0.829 76 Weak

Pan et al. (2017) 
[27]

IBD, general population CC Plasma 2522 (1062) SMD −0.46 ng/mL 
(−0.64, −0.27)

0.000 74 Weak

Pan et al. (2017) 
[27]

IBD, Asia CC Plasma 1609 (662) SMD −0.65 ng/mL 
(−0.86, −0.44)

<0.001 64.3 Weak

Pan et al. (2017) 
[27]

IBD, Europe CC Plasma 595 (250) SMD −0.44 ng/mL 
(−0.62, −0.26)

<0.001 3.1 Weak

Pan et al. (2017) 
[27]

Crohn’s Disease, general 
population

CC Plasma 614 (247) SMD −0.30 ng/mL 
(−0.63, 0.04)

0.079 79 Weak

Pan et al. (2017) 
[27]

Ulcerative colitis, general 
population

CC Plasma 1831 (680) SMD −0.50 ng/mL 
(−0.71, −0.28)

<0.001 63 Weak

Tsai et al. (2019b) 
[9]

Psoriasis, general 
population

CC Plasma 1645 (740) SMD −0.94
(−1.49, −0.40)

<0.001 95.6 Weak

Tsai et al. (2019b) 
[9]

Psoriasis, excluding 
individuals with psoriatic 
arthritis

CC Plasma 1014 (517) SMD −1.24
(−2.05, −0.43)

0.002 96.7 Weak

Tsai et al. (2019b) 
[9]

Psoriasis, individuals with 
no exposure to MTX

CC Plasma 769 (393) SMD −2.13
(−3.29, −0.97)

<0.001 97.4 Weak
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Author (year) Outcome, subgroup/setting Primary 
study design Exposure

Total number 
(number of 

cases
Metric Summary 

estimate (95 CI)
Estimated 

P-value I2 (%) Credibility

Deminice et al. 
(2015) [29]

HIV, general population CS, PC, CC Plasma 505 (255) WMD −2.74 ng/mL 
(−5.18, −0.29)

0.028 97 Weak

Tsai et al. (2019a) 
[16]

Vitiligo, general 
population

CC Serum 1050 (672) SMD −0.24 ng/mL 
(−0.59, 0.11)

0.178 85.5 Weak

Tsai et al. (2019a) 
[16]

Vitiligo - progressive, 
general population

CC Serum 363 (181) SMD −0.40 ng/mL 
(−1.55, 0.75)

0.495 95.7 Weak

Tsai et al. (2019a) 
[16]

Vitiligo – stable, general 
population

CC Serum 375 (193) SMD −0.44 ng/mL 
(−1.41, 0.52)

0.374 94.3 Weak

Tsai et al. (2021) 
[10]

SLE, general population CC Plasma 1166 (532) SMD −0.28
(−0.67, 0.12)

0.092 86.7 Weak

Tsai et al. (2021) 
[10]

SLE, adults CC Plasma 452 (302) SMD −0.36
(−1.15, 0.44)

0.374 92.7 Weak

He et al. (2021) [31] Fracture, older adults with 
severe folate deficiency

PC Plasma 7835 (NR) HR 1.46
(1.06, 2.02)

0.021 42.3 Weak

He et al. (2021) [31] Fracture, older adults with 
low folate status

PC Plasma 6470 (NR) HR 0.79
(0.56, 1.12)

0.182 0 Weak (insuf-
ficient data)

Van Wijngaarden 
et al. (2013) [11]

BMD – femoral neck, older 
women

CS Plasma 1037 (NR) β 0.00 nmol/L 
(−0.03, 0.03)

1.000 0 Weak

Van Wijngaarden 
et al. (2013) [11]

BMD – lumbar spine, older 
women

CS Plasma 1037 (NR) β 0.01 nmol/L 
(0.00, 0.01)

<0.001 0 Weak

Van Wijngaarden 
et al. (2013) [11]

BMD – total hip, older 
women

CS Plasma 6366 (NR) β 0.00 nmol/L 
(0.00, 0.01)

1.000 78.5 Weak

Zhang et al. (2014) 
[32]

Osteoporosis, older women CC Plasma 649 (288) MD −1.54
(−3.33, 0.25)

0.091 94 Weak

Zhao et al. (2021) 
[33]

Postmenopausal 
osteoporosis

CS Plasma/
serum

2793 (735) SMD −1.16
(−2.23, −0.08)

0.034 98.9 Weak

Zhao et al. (2021) 
[33]

Postmenopausal 
osteoporosis, Asia

CS Plasma/
serum

350 (172) SMD −0.28
(−0.74, 0.19)

0.237 76.2 Weak

Zhao et al. (2021) 
[33]

Postmenopausal 
osteoporosis, Europe

CS Plasma/
serum

535 (197) SMD −1.98
(−3.70, −0.25)

0.024 98.4 Weak

Zhao et al. (2021) 
[33]

Postmenopausal 
osteoporosis

CS Serum NR (NR) SMD −1.27
(−2.45, −0.10)

0.034 NR Weak

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].

Table 2. Continued
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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]. It is 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 
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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.

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.
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