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Abstract: Objective: to systematically evaluate the status of serum vitamin D deficiency in patients with
Graves’ ophthalmopathy (GO). Methods: the case-control studies, cohort studies and randomized
controlled trials associated with Graves’ ophthalmopathy were searched in PubMed, EMBASE,
Cochrane Central Register of Controlled Trials (CENTRAL) and Web of Science. The literatures were
screened according to inclusion, exclusion criteria and quality evaluation, and the extracted data were
analyzed by Meta with ReviewManager5.4 software. Results: 5 studies were included, and the number
of cases included in the study was 887. The results of Meta-analysis showed that compared with the
control group, the level of vitamin D in the Graves’ ophthalmopathy group was lower than that in the
control group (MD=-8.22, 95%CI: -15.75~-11.45, P < 0.001). Conclusion: the decrease of serum
vitamin D level is related to the diagnosis of GO. Assessment and supplementation of vitamin D levels
may be an important supplement for early treatment of GD patients. Future studies should include
longitudinal studies and prospective clinical trials to further explore the mechanisms of observed
associations. In view of the small number of included studies, the above conclusions need to be confirmed
by more high-quality randomized studies.
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1. Introduction
Hyperthyroidism (GD) is an autoimmune disease with diffuse toxic goiter [1-4]. When a patient's
immune system attacks his or her eyes, it is often characterized by Graves’ ophthalmopathy (GO) [5-7] .
The disease incidence in women is much higher than that in men, and it mostly stays in the mild stage
(the continued development rate is 5%-6%)[4, 8, 9]. However, mild GO is still a major obstacle to the
normal life of patients [5, 10-12], which also increases the pressure on public health [13]. In recent years, the
role of vitamin D (VD) in many autoimmune diseases has been gradually discovered, including GD. For
example, Kriegel et al. [14] suggest the role of vitamin D deficiency in various autoimmune diseases such
as multiple sclerosis, systemic lupus erythematosus and rheumatoid arthritis, while similar mechanisms
may play a role in GO. Although the results of the above studies are significant, the relationship between
vitamin D deficiency and GO is still well established. Therefore, this study uses Meta-analysis method
to systematically evaluate the association between vitamin D deficiency and GO in order to provide
reliable evidence for the prevention of GO.
2. Materials and methods
Bibliography retrieval of the literature was performed in databases including Chinese and English
databases such as PubMed, EMBASE, CENTRAL and Web of Science, and we searched all published
articles related to vitamin D levels and GO from December 2, 2021 to December 2, 2021. Search
keywords include: [(“Graves Ophthalmopathy” [Mesh] OR “thyroid-associated ophthalmopathy” [tiab]
OR “thyroid eye disease” [tiab] OR “Graves’ ophthalmopathy” [tiab] OR “Graves’ orbitopathy” [tiab]
OR “endocrine ophthalmopathy” [tiab] OR “endocrine orbitopathy” [tiab] OR “thyroid associated
orbitopathy” [tiab]) AND Vitamin D*].
Inclusion criteria: The types of included studies were case-control study and cohort study; the subjects
were ≥ 18 years old and met the diagnostic criteria of Graves ophthalmopathy [4]; the exposure factor was
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the level of serum vitamin D; and the outcome index was GD with GO.
Exclusion criteria: research subjects have malignant tumors or abnormal organ functions such as heart,
liver, kidney, etc.; history of infection or use of various immune preparations for treatment within 1 month
before the study and other health issues; duplicate publications; conference abstracts, lectures, reviews,
and systematic reviews; literature with incomplete or unavailable information.
Quality evaluation standard: the biased risk assessment tool provided by ReviewManager5.4
software was used to evaluate the literature quality.
Diagnostic criteria: the ocular signs of Graves' disease are as follows: 0) no signs and symptoms; 1)
one eyelid contracture, blink reduction, Joffory sign, but no symptoms; 2) While there are signs and
symptoms, the soft tissue of the orbit is involved; 3) exophthalmos (f > 18mm): 4) corneal involvement;
5) extraocular muscle involvement; 6) loss of visual acuity. Level 2 and above diagnosed as GO [10].
Data extraction: the literature was screened and searched independently by two researchers. The third
assistant researcher discussed the divergent literature and confirmed whether the literature was included
after consensus. The extracted data included first author, year of publication, type of study, sample size,
GO diagnostic criteria, vitamin D level determination method, vitamin D deficiency baseline data and
outcome indicators. The whole process has always been carried out on the basis of unanimous agreement
in the discussion.
Statistical Analysis: Meta-analysis was performed using ReviewManager5.4 software. The Mean
Difference (MD) and 95% Confidence Interval (CI) were used to express the vitamin D level of patients.
The heterogeneity test of the included studies was calculated by the Q statistic and the I2 test. If I2<50%,
a fixed effect model was used for analysis; when I2>50%, there was evidence of heterogeneity, and a
random effects model was used to estimate the effect size. P<0.05 means the difference is statistically
significant. The results of the meta-analysis were displayed using forest plots, and the publication bias
analysis was using funnel plots.
3. Results
Literature search results According to the above search strategy, a total of 76 related literatures were
retrieved in the electronic database, but no related literatures were found in manual search. Among them,
13 were repeated, and 56 were excluded after reading the title and abstract. After reading the full text, 2
articles were excluded because 1 article had no specific data, and only the cut-off value of vitamin D
level was given; 1 article did not specifically discuss the relationship between vitamin D level and GO
in patients with GD and GO. Therefore, 5 studies were finally included in the analysis[15-19]. The specific
process is shown in Figure 1.

Figure 1: Flowchart of literature screening
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Risk assessment of the included studies All the 5 articles included were studies with a total sample
size of 887, including 578 in the control group and 309 in the experimental group. The baseline data of
the selected literatures were the same, and the serum vitamin D levels were measured after fasting blood
collection. Chemiluminescence method was used in 4 literatures, and the measurement method was not
specified in 1 paper. One article defined the cutoff value of vitamin D deficiency (≤ 30ng/ml). In terms
of quality assessment, all the included literature showed low risk in the aspects of incomplete outcome
data (attrition bias) and selective reporting (reporting bias) and other bias. All the included literature data
were complete and not selectively published. The risk assessment of the above study is shown in figure
2 and figure 3.

Figure 2: Assessment of risk of bias in included studies
Meta-analysis of vitamin D levels and GO associations A total of 5 articles were included for
independent meta-analysis. In all samples, the ratio between the experimental group and the control group
was about 0.53. the results of heterogeneity test showed that there was heterogeneity (I2% 96% P <
0.001). The random effect model was used to combine the effect value. The results showed that the level
of vitamin D in the GO group was significantly lower than that in the control group (MD=-8.22, 95%CI:
-15.75~-11.45, P < 0.001), indicating that the serum vitamin D level in patients with GO was significantly
lower than that in the normal control group (figure 3).

Figure 3: Mean difference forest plot of 25(OH)D.
4. Discussion
At present, the association between vitamin D levels and the risk of GO is still unclear. Studies have
shown that GO patients have a higher vitamin D deficiency rate, suggesting that further reductions in
serum vitamin D levels are closely related to the occurrence of GD-related complications [18]. For
example, Lower VD levels in patients with GD have been supported in previous studies [20]. However,
other studies have concluded that the serum VD level is not linked to GD complicated with GO [21]. The
results of our meta-analysis showed that the vitamin D level in the GD with GO group was significantly
lower than that in the control group, suggesting that there was a statistical correlation between the vitamin
D level and GO, and the lower vitamin D level indicated that the body was at risk of developing GO. As
a major serious complication of GD, GO involves many factors such as autoimmune system, environment
and even genetics. Some studies believe that GO occurs because the immune system damages the thyroidPublished by Francis Academic Press, UK
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stimulating hormone receptor (TSH-R) [4], and the periorbital tissue is dominated by lymphocyte
infiltration, and then a series of inflammatory reactions occur. Cells synthesize a large number of
cytokines , it can be seen that the pathogenesis of GO is closely related to the autoimmune response
mechanism at the molecular level, belonging to the category of organ-specific autoimmune diseases, with
cellular immunity as the main and humoral immunity as the auxiliary effect [22], to maintain the balance
between helper T cells type 1/2 (Th1/Th2) and related cytokines. At the same time, a large number of
cytokines are released into tissues, which directly cause glycosaminoglycan synthesis and fibroblast
proliferation [23, 24] . As a result, a series of clinical symptoms of eye damage appear, such as proptosis,
eye movement disorders, and obstructed blood supply, leading to conjunctival hyperemia and edema,
eyelid retraction, diplopia, pain, and even optic nerve damage [25, 26]. Daroszewski et al. [27] first proposed
that the severity of GO is related to the increase of soluble CTLA-4 concentration. They also used a
cohort test to compare the level of soluble CTLA-4 in the blood of normal people and GO patients to
reach the above conclusion; Khalilzadeh et al. [28] also found that the incidence of GO was related to gene
polymorphisms of anti-inflammatory cytokines such as IFN-γ, IL-2, and TNF-α. Vitamin D is involved
in the abovementioned metabolic pathways, and plays an irreplaceable role in calcium and phosphorus
homeostasis in regulating bone metabolism, inflammation and immune responses [29]. Thus, a lack of
vitamin D naturally predisposes the body to autoimmune diseases, malignant tumors and infections [30,
31]
. At the same time, many studies have shown that VD deficiency can lead to the occurrence of other
eye diseases, such as diabetic retinopathy [32-34]. In the current study, the serum VD level of each
experimental group (GO group) was lower than that of the control group, so It is inferred that the
relationship between GO and VD levels may be closer, and the further mechanism may be that the
reduction of VD leads to the secondary increase of cytokines, which will lead to the imbalance between
Th1/Th2 cells and promote the generation of Th1 cells, while vitamin D deficiency affects the
transformation of TH1 cells to Th2, the enhanced function of plasma cells and B cells, and the production
of a large number of antibodies. This causes a series of inflammatory and immune responses, and increase
the susceptibility to infection and autoimmune responses [35-37]. To our knowledge, this study is the first
meta-analysis of GO and vitamin D levels, but more clinical data and trials are still needed.
This study still had limitations. Due to the small amount of literature retrieved, the final number of
literatures for meta-analysis is small, and the heterogeneity between studies is large, which reduces the
reliability of the results to a certain extent. The included studies were limited to no history of
immunotherapy treatment within the past one month, so whether serum VD level can be used as a
predictor of GO recurrence after treatment in patients requires more rigorous clinical testing. In addition,
all the studies that have been collected that deal with this issue belong to the horizontal comparison in
terms of design and conduct, that is, the control group with healthy or without GO, so the direct
correlation between the level of VD and the pathogenesis or sequelae of the disease is Impossible. Thus,
further and more prospective studies were required to evaluate the role of VD deficiency in GO patients,
which may provide more powerful guidance for subsequent clinical diagnosis and treatment.
5. Conclusion
The decrease of serum vitamin D level is related to the diagnosis of GO. Assessment and
supplementation of vitamin D levels may be important for early treatment of GD patients.
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