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ABSTRACT  

Background and Objectives: This study aimed to evaluate vitamin B12 and D levels among 

long-term vegetarians and to assess the influence of their diet duration and diet subtypes on 

nutritional status in Beijing, China. Methods and Study Design: A cross-sectional analysis 

was conducted on 104 vegetarians (84 vegans, 20 lacto-ovo vegetarians). Serum vitamin B12 

and D levels were measured, and demographic, dietary, and supplement use data were 

collected. Statistical analyses included ANOVA, Kruskal-Wallis tests, chi-square tests, and 

multivariate regressions. Results: The prevalence of vitamin B12 deficiency (<200 pg/mL) 

was 38.5%, with higher rates in vegans (44.1%) than lacto-ovo vegetarians (15.0%, p = 

0.021). Vitamin D deficiency (<20 ng/mL) affected 84.6% of participants, worsening with 

longer diet duration (p <0.001), yet showed no significant difference between vegan and 

lacto-ovo subtypes (85.7% vs 80.0%, p = 0.524). Multivariate analysis revealed negative 

correlations between diet duration (6–10 years and >10 years) and vitamin B12 and D levels 

(p <0.05). Lacto-ovo vegetarians showed significantly higher vitamin B12 levels than vegans 

(p = 0.029), and supplement use improved both vitamins’ status (p<0.05). Conclusions: This 

study reveals a dual challenge among Beijing long-term vegetarians: vitamin B12 deficiency 

was strongly associated with the degree of exclusion of animal products from the diet 

(veganism), while vitamin D deficiency was highly prevalent and worsened with longer diet 

duration. The near-universal vitamin D deficiency observed in this study suggests that, in the 

Beijing context, the risk may extend beyond dietary choice, potentially reflecting regional 

environmental factors; however, this requires confirmation through comparative studies with 

omnivores controls. 

 

Key Words: long-term vegetarians, vitamin B12, vitamin D, duration, subtypes 

 

INTRODUCTION 

The global shift toward plant-based diets, driven by health, environmental, and ethical 

motivations, has positioned vegetarian (plant-based plus dairy products and/or eggs) and 

vegan (100% plant-based) lifestyles as prominent dietary choices.1-3 Extensive evidence links 

these diets to reduced risks of obesity, cardiovascular diseases, and type 2 diabetes, largely 

due to lower saturated fat intake and higher consumption of fiber, antioxidants, and 

phytochemicals.4 However, long-term adherence to vegetarianism, particularly veganism, 

poses significant risks of micronutrient deficiencies. Among these, vitamin B12 and vitamin 

D deficiencies are most critical. Vitamin B12, essential for neurological function and red 
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blood cell formation, is exclusively found in animal-derived foods,5 while vitamin D, vital for 

bone health and immune regulation, primarily relies on sunlight exposure and fortified animal 

products.6-7 Deficiencies in these nutrients may lead to irreversible neurological damage, 

osteoporosis, and compromised immunity, underscoring the need for targeted interventions in 

vegetarian populations.8-10 

International studies, such as the EPIC-Oxford cohort, have documented alarmingly high 

deficiency rates: 52% of vegans and 7% of lacto-ovo vegetarians exhibit vitamin B12 

deficiency,11 while up to 70% of vegetarians in temperate climates suffer from vitamin D 

insufficiency.10 However, most research lacks stratification by diet duration and diet subtypes, 

two factors that critically modulate deficiency risks. For instance, hepatic B12 stores deplete 

progressively over decades of veganism, while lacto-ovo diets may mitigate risks through 

dairy and egg consumption. In China, vegetarianism is culturally rooted in Buddhist traditions 

or emerging health trends, yet research remains fragmented.12 Studies in Shanghai and 

southern China report deficiency rates of 41% (B12) and 78% (D) among vegetarians,13 but 

these predominantly focus on short-term practitioners (<5 years) or fail to differentiate 

between vegan and lacto-ovo subgroups. Furthermore, northern regions like Beijing, 

characterized by limited fortified food availability and seasonal sunlight variability, remain 

understudied,14  despite their unique dietary and environmental contexts. 

This study addresses critical research voids by investigating vitamin B12 and D status in 

104 long-term vegetarians (≥3 years) from Beijing, China—a population with distinct dietary 

habits and environmental exposures. Participants are stratified into subgroups based on: diet 

duration: 3–5 years, 6–10 years, >10 years (to assess cumulative deficiency risks); diet 

subtypes: vegan (100% plant-based) vs. lacto-ovo vegetarian (plant-based plus consuming 

dairy/eggs). By integrating demographic, lifestyle, and supplementation data, this study aims 

to quantify deficiency prevalence of B12 and D in a northern Chinese cohort; analyze 

correlations between deficiency risks and diet duration or diet subtypes and provide evidence-

based recommendations for nutrient monitoring and intervention strategies.  

 

MATERIALS AND METHODS 

Institutional review board statement 

The study was conducted according to the guidelines of the Declaration of Helsinki, and 

approved by the Ethics Committee of the Cancer Hospital, Chinese Academy of Medical 

Sciences (No.2023060515335102). 
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Study population 

This cross-sectional study was designed to simultaneously observe and analyze the nutrition 

status of the long-term vegetarians. Participants were recruited from vegetarian social groups 

in November 2024. The inclusion criteria were adults aged 18 years or older who had adhered 

to a vegetarian diet for at least 3 years, encompassing both vegan and lacto-ovo vegetarian 

diets.  

 

Data collection 

A structured questionnaire was designed and self-administered through an online 

questionnaire platform to collect demographic information such as age, gender, educational 

level, diet duration and diet subtypes. Information was gathered regarding whether the 

participants had chronic diseases, such as hypertension or diabetes, and whether they used 

vitamin supplements. If supplements were used, further details were solicited, including the 

types (with a particular focus on vitamin B12 and vitamin D supplements), brand, dosage, and 

frequency of use. Subsequently, all questionnaire responses were verified by trained nutrition 

professionals through one-on-one interviews during the on-site hospital visit. Professional 

medical staff used calibrated height and weight measuring instruments to measure the 

participants' height and weight according to standard measurement methods. Body mass index 

(BMI) was then calculated using the formula: weight (kg) divided by the square of height (m). 

In the fasting state (8-12 hours of fasting), professional medical staff drew 5-10 mL of venous 

blood from the participants at the hospital, and the chemiluminescent immunoassay method 

was used to measure the levels of vitamin B12 and vitamin D in the blood within the hospital 

laboratory. The testing procedures were strictly carried out in accordance with the operation 

manuals of the instruments and kits to ensure the reliability of the test results. 

 

Assessment of vitamin B12 and D 

Serum vitamin B12 and vitamin D levels were categorized based on the thresholds widely 

adopted in international literature. Vitamin B12 deficiency was defined as a serum 

concentration <200 pg/mL, while levels ≥200 pg/mL were considered non-deficient. Similarly, 

vitamin D status was assessed via serum 25-hydroxyvitamin D [25(OH)D] levels. Vitamin D 

deficiency was defined as <20 μg/L (50 nmol/L), and concentrations ≥20 μg/L (≥50 nmol/L)   

indicated non-deficient.16 
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Grouping standards 

 We divided participants into three education level groups, i.e., high school/below, college 

degree, graduate/above. The intake of vitamin supplements were categorized into three groups: 

none, 1–2 times per week, and ≥ 3 times per week. 

 

Data analysis  

We used SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA) and R version 4.5.0 for data 

cleaning and analysis. Continuous variables were assessed for normality using the Shapiro-

Wilk test. Normally distributed variables are presented as mean ± standard deviation (SD), 

and between-group differences were analyzed using one-way analysis of variance (ANOVA). 

Non-normally distributed variables are expressed as median (interquartile range [IQR]), and 

between-group differences were evaluated using non-parametric Kruskal-Wallis tests. 

Categorical variables were compared using chi-square tests or Fisher's exact test when 

expected cell counts were <5. 

For non-normally distributed vitamin B12 and D levels, Spearman's rank correlation tests 

were calculated to evaluate monotonic relationships with diet duration. The Cochran-

Armitage trend test was employed to examine ordered trends in deficiency prevalence of 

vitamin B12 and D across diet duration categories. 

Due to right-skewed distributions (Shapiro-Wilk p<0.05), serum vitamin B12 and 

25(OH)D concentrations were natural log-transformed prior to linear regression analyses. 

Multivariable linear regression models were constructed to assess associations between diet 

duration/subtypes and ln-transformed vitamin levels. Regression coefficients (β) were 

exponentiated to represent percentage changes in original units per unit increase in predictors, 

with 95% confidence intervals (CIs). Logistic regression models were used to evaluate 

associations between dietary factors and vitamin deficiency status (binary outcome), 

expressed as odds ratios (ORs) with 95% CIs. Three hierarchical models were employed: 

Model 1 was a simple univariate analysis without adjustment; Model 2 adjusted for age, sex, 

education, chronic diseases, and BMI; In addition to the variables adjusted in Model 2, Model 

3 included additional covariates related to nutrition, such as nutrition supply intake over the 

past 3 months, type of nutrition supply, and frequency of nutrition intake.  

The significance level was set at p< 0.05. 
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RESULTS 

Characteristics of the study population 

Table 1 displays study population characteristics. A total of 104 long-term vegetarians were 

enrolled in this study, among whom 84 (80.8%) were vegans and 20 (19.2%) were lacto-ovo 

vegetarians. The mean age of the participants was 42.4 ± 9.3 years, with females accounting 

for 72.1% (n = 75). In terms of educational attainment, 88.5% of the participants had a college 

degree or above, indicating a relatively high educational level of the sample. The average 

body mass index (BMI) of the participants was 21.7 ± 2.7, falling within the normal range. 

Additionally, 8.7% of the participants had a history of chronic diseases, and 37.5% of them 

were using vitamin supplements; the proportion of supplement users was higher among lacto-

ovo vegetarians than among vegans (55.0% vs. 33.3%). Specifically, in terms of the types of 

supplementation, 29.8% (31 out of 104) of the participants reported taking B12 supplements, 

while 18.3% (19 out of 104) reported taking vitamin D supplements, which indicated that the 

proportions of participants supplementing with both B12 and D were relatively low.  

 

Vitamin B12 and D Levels and their deficiency risks  

The results for vitamin B12 and D levels as well as their deficiency risks among participants 

with different demographic and lifestyle characteristics were presented in Table 2, Figure 1 

and Figure 2. 

 

Vitamin B12 Levels and deficiency risk 

Overall, the average level of vitamin B12 among the 104 vegetarians was 234.0 

pg/mL(IQR:163.6-361.0). Alarmingly, 38.5% of the participants were deficient in vitamin 

B12 (< 200 pg/mL), and 61.5% was not deficient (≥ 200 pg/mL). 

Males exhibited significantly lower median B12 levels (139.0 pg/mL, IQR: 103.0–212.0) 

compared to females (267.0 pg/mL, IQR: 179.0–406.0; p < 0.001). Consequently, males had a 

higher B12 deficiency prevalence (69.0% vs. 26.7%, p < 0.001). 

Participants who used supplements ≥3 times/week had higher median B12 levels (299.0 

pg/mL, IQR: 218.0–483.0) and lower deficiency risk (17.4%) than non-users (212.0 pg/mL, 

IQR: 128.0–315.0; 46.2% deficiency; p = 0.005 for levels, p = 0.040 for deficiency). 

Lacto-ovo vegetarians had higher B12 levels (317.5 pg/mL, IQR: 227.0–416.5) and lower 

deficiency risk (15.0%) than vegans (215.0 pg/mL, IQR: 146.5–328.0; 44.1% deficiency; p = 

0.028 for levels, p = 0.016 for deficiency). 
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Vitamin D Levels and deficiency risk 

Among the 104 vegetarians, the average level of vitamin D was 7.7 ng/mL (IQR:4.4-13.8). A 

staggering 88 participants (84.6%) were deficient in vitamin D (< 20 ng/mL), and only 16 

individuals (15.4%) were not deficient (≥ 20 ng/mL).  

Participants aged ≥45 years exhibited higher median vitamin D levels (8.4 ng/mL, IQR: 5.4

– 14.8) compared to younger participants (6.7 ng/mL, IQR: 4.2–13.2), although this 

difference did not reach statistical significance (p = 0.072). Similarly, males had marginally 

higher vitamin D levels (9.4 ng/mL, IQR: 6.0–14.1) than females (6.6 ng/mL, IQR: 4.2–13.4), 

but this difference was also not statistically significant (p = 0.124). 

Vegetarian duration showed an inverse association with vitamin D status. Those with >10 

years of vegetarianism had significantly lower vitamin D levels (6.5 ng/mL, IQR: 4.5-12.7) 

and higher deficiency prevalence (93.2%) compared to those with 3-5 years duration (11.3 

ng/mL, IQR: 6.2-24.5; 59.2% deficiency; p = 0.007 for both level and deficiency 

comparisons). A declining trend in D levels with longer vegetarian duration was observed (p 

= 0.03 for trend test), accompanied by increasing deficiency risk (p = 0.004). 

Lacto-ovo vegetarians had significantly higher D levels (12.4 ng/mL, IQR: 9.4–15.9) than 

vegans (6.1 ng/mL, IQR: 4.0–13.2; p= 0.001), though deficiency rates were comparable 

(80.0% vs. 85.7%, p = 0.524). 

 

Multivariate linear associations between diet duration/subtypes and vitamin B12/D levels  

The results from the multivariate linear regression models for vitamin B12 and D were 

presented in Table 3.  

Vitamin B12 levels 

Multivariable linear regression analyses demonstrated progressive associations between 

vegetarian duration and vitamin B12 levels across model specifications. In unadjusted 

analyses (Model 1), neither 6-10 years duration (β = 0.9, 95% CI: 0.7-1.2, p = 0.085) nor >10 

years duration (β = 0.8, 95% CI: 0.6-1.0, p = 0.282) showed significant reductions. 

Adjustment for demographic factors (Model 2) marginally strengthened these associations 

(>10 years: β = 0.8, p = 0.055). The fully adjusted model (Model 3) revealed significant 20% 

lower levels for 6-10 years (exponentiated β = 0.8, 95% CI: 0.6-0.99, p = 0.048) and a 

borderline reduction for >10 years (β = 0.8, 95% CI: 0.6-1.0, p = 0.053), with a significant 

duration-response trend (p-trend = 0.042). 
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Dietary subtype analyses showed consistent protective effects of lacto-ovo vegetarianism 

across all models, with fully adjusted results demonstrating 40% higher B12 levels versus 

vegans (Model 1: β = 1.4, p = 0.012; Model 2: β = 1.4, p = 0.008; Model 3: β = 1.4, p = 

0.003). 

 

Vitamin D levels 

Vitamin D levels showed stronger duration-dependent reductions across model specifications. 

Unadjusted models (Model 1) already indicated significant 40% lower levels for >10 years 

vegetarians (β = 0.6, 95% CI: 0.4-0.9, p = 0.010), which became more pronounced after 

demographic and BMI adjustment (Model 2: β = 0.5, 95% CI: 0.4-0.8, p = 0.004). Fully 

adjusted analyses (Model 3) confirmed significant 40% reductions for both 6-10 years (β = 

0.6, 95% CI: 0.4-0.95, p = 0.006) and >10 years durations (β=0.6, 95% CI: 0.4-0.8, p = 

0.032), with robust trend significance (p-trend = 0.005). 

The lacto-ovo vegetarian advantage was evident in all models (Model 1: β=1.8, p = 0.006; 

Model 2: β = 1.7, p = 0.012; Model 3: β=1.7, p = 0.015), demonstrating 70% higher levels 

versus vegans in final analyses. 

 

Multivariate regression analysis between diet duration/subtypes and vitamin B12/D 

deficiency 

Table 4, Figure 3 and Figure 4 presented the results of multivariate logistic regression 

analyses examining the association between vegetarian duration, vegetarian type, and 

deficiencies in vitamin B12 and Vitamin D.  

Vitamin B12 Deficiency 

Multivariable logistic regression analyses revealed no significant association between 

vegetarian duration and vitamin B12 deficiency risk across all models. In the fully adjusted 

model (Model 3), neither 6-10 years (OR = 2.1, 95% CI: 0.5-8.3, p = 0.418) nor >10 years 

(OR = 1.9, 95% CI: 0.5-6.8, p = 0.515) of vegetarian duration showed significantly elevated 

risk compared to the reference group (3-5 years). No significant trend relationship was 

observed (p-trend = 0.359). 

The protective effect of vegetarian subtypes showed remarkable consistency across 

models. Lacto-ovo vegetarians already exhibited an 80% lower risk of B12 deficiency 

compared to strict vegans in Model 1 (OR = 0.2, 95% CI: 0.06-0.8, p = 0.024). This protective 

association persisted in both Model 2 (OR = 0.2, p = 0.015) and Model 3 (OR = 0.2, p = 
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0.017), with narrowing confidence intervals indicating improved precision after covariate 

adjustment. 

 

Vitamin D deficiency 

Hierarchical regression analyses revealed significant associations between vegetarian duration 

and vitamin D deficiency risk. In the unadjusted Model 1, participants with >10 years of 

vegetarianism showed 6.0-fold higher odds of deficiency (95% CI: 1.4-25.5, p = 0.014) 

compared to the 3-5year reference group, with a significant duration-response trend (p-trend = 

0.010). After adjusting for demographics and BMI (Model 2), this association strengthened to 

9.7-fold increased odds (95% CI: 1.9-49.4, p = 0.009), while the trend test p-value decreased 

to 0.009. The association remained stable in the fully adjusted Model 3 (OR = 9.1, 95% CI: 

1.5-53.3, p = 0.017).  

Unlike vitamin B12, vegetarian type showed no significant association with vitamin D 

deficiency risk in all three models (lacto-ovo vs vegan: OR = 0.9, 95% CI: 0.1-7.5, p = 0.901 

in Model 3). 

 

DISCUSSION 

This cross-sectional study provides important insights into the vitamin B12 and D status of 

long-term vegetarians in Beijing, China, revealing concerning deficiencies associated with 

dietary patterns and vegetarian duration. While our findings regarding vitamin B12 align with 

global evidence,1,17 the interpretation of vitamin D deficiency requires careful consideration of 

contextual factors. Most importantly, the absence of a regional control group precludes 

attributing the observed vitamin D deficiency solely to vegetarian diets, as it likely reflects 

broader environmental factors affecting the general Beijing population. Our study thus 

contributes valuable evidence for understanding nutritional status in Chinese long-term 

vegetarians while highlighting the need for future controlled studies to disentangle dietary 

from regional influences. 

The high prevalence of vitamin B12 deficiency (38.5%) corroborates Western studies 

reporting elevated risks in vegetarians, particularly vegans.18-20  The stark disparity in B12 

levels between vegans (257.5 pg/mL) and lacto-ovo vegetarians (353.8 pg/mL, p = 0.021) 

mirrors the findings from the EPIC-Oxford cohort, where vegans faced a 7-fold higher 

deficiency risk than lacto-ovo vegetarians.19 This divergence likely stems from lacto-ovo diets 

incorporating B12-rich animal derivatives (e.g., dairy, eggs), whereas vegans rely solely on 

supplements or fortified foods—options less accessible in China due to limited fortification 
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policies. A critical methodological consideration is the application of the international 

diagnostic threshold (200 pg/mL). While this facilitates cross-study comparability, emerging 

evidence suggests the lower limit for healthy Chinese adults may be higher (e.g., 250.8 

pg/mL).21 If a population-specific threshold were applied, the prevalence of deficiency we 

report (38.5%) would likely be substantially higher. This reclassification would notably alter 

the interpretation of our observation that many non-supplementing participants were not 

deficient, potentially indicating that our study underestimated the true burden of functional 

B12 inadequacy. Therefore, our reported deficiency rates should be viewed as a conservative 

estimate. Notably, only 29.8% of participants reported B12 supplement use, suggesting 

inadequate awareness or availability may exacerbate deficiencies in this population.   

Although the median vitamin D level of lacto-ovo vegetarians (12.4 ng/mL) was 

statistically significantly higher than that of vegans (6.1 ng/mL, p = 0.001), the overwhelming 

majority of participants in both subgroups remained comparable deficient (80.0% vs. 85.7%, 

p = 0.524). This indicates that while a lacto-ovo diet may offer a modest protective advantage 

for vitamin D status, it is insufficient to prevent deficiency in most individuals. The key 

evidence lies in the observation that the 75th percentile values for both subgroups (lacto-ovo: 

15.9 ng/mL; vegan: 13.2 ng/mL) were substantially below the 20 ng/mL deficiency threshold, 

indicating that the vast majority of individuals in both groups were in a deficient state. The 

critically high overall prevalence (84.6%) points to a regional public health challenge. We 

hypothesize that environmental factors common in Beijing, such as Beijing's urban 

environment, limited sunlight exposure due to lifestyle or cultural practices, and lack of 

widespread food fortification, pose a background risk potentially affecting the entire 

population. This hypothesis must be tested in future studies with matched omnivores controls 

to quantify the distinct contributions of diet and environment. 

The negative correlation between the diet duration (6–10 and >10 years) and vitamin levels 

underscores cumulative dietary risks. For B12, marginal stores in new vegetarians may delay 

deficiency onset, but prolonged avoidance of animal sources depletes the reserves.22-23  

Similarly, chronic lack of fortified foods and insufficient sunlight exposure likely drive the 

progressive decline in D levels over time.24 These temporal trends emphasize the need for 

early and sustained interventions in long-term vegetarians.   

Supplement use significantly improved both vitamins’ status, echoing global 

recommendations for vegetarians.25 However, low adherence (29.8% for B12, 18.3% for D) 

highlights gaps in education or access. Lacto-ovo diets partially mitigated B12 deficiency 

risks, supporting their adoption as a pragmatic approach for individuals hesitant to use 
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supplements.22,25 Nevertheless, the persistently high D deficiency across all subgroups 

suggests that dietary modifications alone are insufficient, necessitating combined strategies 

(e.g., supplementation, sunlight promotion). 26-29 A noteworthy finding was that 62.5% of 

the surveyed participants did not use nutritional supplements, yet only 38.5% were classified 

as vitamin B12 deficient. This may be attributed to several factors, First, as discussed 

previously, the use of an international B12 threshold (200ng/mL) may have led to an 

underestimation of deficiency prevalence, suggesting that the reported rate of 38.5% should 

be considered a conservative figure. Second, individual variations in B12 absorption or 

baseline stores, as well as the unintentional consumption of B12-containing fermented or 

fortified foods, may also contribute to this observation. Future studies should incorporate 

functional biomarkers, such as homocysteine (Hcy) levels, and combine them with more 

detailed food frequency questionnaires to more accurately assess vitamin B12 status and 

metabolic function, thereby advancing the understanding of the mechanisms underlying this 

observation. 

This study has limitations. Firstly, its cross-sectional design precludes causal inferences. 

Secondly, the sample size of this study was relatively small, particularly in the lacto-ovo 

vegetarian subgroup, which may limit the statistical power of certain subgroup analyses and 

affect the generalizability of the research findings. Regional sampling in Beijing may not 

generalize to other Chinese populations with differing cultural or environmental contexts. 

Additionally, unmeasured confounders (e.g., detailed sunlight exposure, fortified food intake) 

could influence results. Future longitudinal studies with larger, nationally representative 

samples are warranted to explore causality and cultural-specific factors.   

 

Conclusions 

In conclusion, this study reveals a substantial burden of vitamin B12 and D deficiencies 

among long-term vegetarians in Beijing. Vitamin B12 status was predominantly determined 

by the degree of exclusion of animal products form the diet, with vegans at significantly 

higher risk. Vitamin D deficiency was pervasive and worsened with longer vegetarian 

duration. Our data highlight that lacto-ovo vegetarianism provided significant protection 

against B12 deficiency and a modest boost to Vitamin D levels, but was not sufficient to 

resolve the widespread D deficiency. This finding, combined with the extreme prevalence of 

D deficiency, points to the need for a dual approach: 1) individualized nutritional guidance for 

vegetarians, emphasizing B12 supplementation for all vegetarians, with particularly intensive 

support for vegans, and 2) population-level strategies to address the potential regional vitamin 
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D deficiency crisis, which may include public education on safe sun exposure and advocacy 

for food fortification policies.  

 

ACKNOWLEDGEMENTS 

We thank the participation of the subjects in Beijing, China. 

 

CONFLICT OF INTEREST AND FUNDING DISCLOSURE 

The authors declare no conflict of interest.  

 

REFERENCES 

1. Neufingerl N, Eilander A. Nutrient Intake and Status in Adults Consuming Plant-Based Diets 

Compared to Meat-Eaters: A Systematic Review. Nutrients. 2021 Dec 23;14(1):29. doi: 

10.3390/nu14010029. 2.Pacifico L, Perla FM, Chiesa C. Impact of healthy plant-based diet on 

abdominal visceral and liver fat contents. Hepatobiliary Surg Nutr. 2021 Jan;10(1):136-138. doi: 

10.21037/hbsn-20-760.  

3.Chen H, Shen J, Xuan J, Zhu A, Ji JS, Liu X et al. Plant-based dietary patterns in relation to mortality 

among older adults in China. Nat Aging. 2022 Mar;2(3):224-230. doi: 10.1038/s43587-022-00180-5.  

4.Neuenschwander M, Stadelmaier J, Eble J, Grummich K, Szczerba E, Kiesswetter E et al. Substitution of 

animal-based with plant-based foods on cardiometabolic health and all-cause mortality: a systematic 

review and meta-analysis of prospective studies. BMC Med. 2023 Nov 16;21(1):404. doi: 

10.1186/s12916-023-03093-1.  

5.Weikert C, Trefflich I, Menzel J, Obeid R, Longree A, Dierkes J et al. Vitamin and Mineral Status in a 

Vegan Diet. Dtsch Arztebl Int. 2020 Aug 31;117(35-36):575-582. doi: 10.3238/arztebl.2020.0575. 

6.Dunlop, Eleanor1; Kiely, Mairead2; James, Anthony P.1; Singh, Tanya2; Black, Lucinda J.1. Efficacy of 

vitamin D food fortification and biofortification in children and adults: a systematic review protocol. 

JBI Evidence Synthesis 18(12):p 2694-2703, December 2020. doi: 10.11124/JBISRIR-D-19-00373. 

7.Aguilar-Shea AL. Vitamin D, the natural way. Clin Nutr ESPEN. 2021 Feb;41:10-12. doi: 

10.1016/j.clnesp.2020.12.001. Epub 2020 Dec 24.  

8.Arnold T, Johnston CS. An examination of relationships between vitamin B12 status and functional 

measures of peripheral neuropathy in young adult vegetarians. Front Nutr. 2023 Dec 18;10:1304134. 

doi: 10.3389/fnut.2023.1304134.  

9.Webster J, Greenwood DC, Cade JE. Risk of hip fracture in meat-eaters, pescatarians, and vegetarians: a 

prospective cohort study of 413,914 UK Biobank participants. BMC Med. 2023 Jul 27;21(1):278. doi: 

10.1186/s12916-023-02993-6.  

11.Key TJ, Papier K, Tong TYN. Plant-based diets and long-term health: findings from the EPIC-Oxford 

study. Proc Nutr Soc. 2022 May;81(2):190-198. doi: 10.1017/S0029665121003748.  



13 

12.Kwok T, Cheng G, Woo J, Lai WK, Pang CP. Independent effect of vitamin B12 deficiency on 

hematological status in older Chinese vegetarian women. Am J Hematol. 2002 Jul;70(3):186-90. doi: 

10.1002/ajh.10134.  

13.Xie L, Wang B, Cui X, Tang Q, Cai W, Shen X. Young adult vegetarians in Shanghai have comparable 

bone health to omnivores despite lower serum 25(OH) vitamin D in vegans: a cross-sectional study. 

Asia Pac J Clin Nutr. 2019;28(2):383-388. doi: 10.6133/apjcn.201906_28(2).0021.  

14.Woo KS, Kwok TC, Celermajer DS. Vegan diet, subnormal vitamin B-12 status and cardiovascular 

health. Nutrients. 2014 Aug 19;6(8):3259-73. doi: 10.3390/nu6083259.  

15.Harrington DJ. Laboratory assessment of vitamin B12 status. J Clin Pathol. 2017 Feb;70(2):168-173. 

doi: 10.1136/jclinpath-2015-203502.  

16.Bordelon P, Ghetu MV, Langan RC. Recognition and management of vitamin D deficiency. Am Fam 

Physician. 2009 Oct 15;80(8):841-6. Erratum in: Am Fam Physician. 2009 Dec 15;80(12):1357.  

17.Gilsing AM, Crowe FL, Lloyd-Wright Z, Sanders TA, Appleby PN, Allen NE et al. Serum 

concentrations of vitamin B12 and folate in British male omnivores, vegetarians and vegans: results 

from a cross-sectional analysis of the EPIC-Oxford cohort study. Eur J Clin Nutr. 2010 Sep;64(9):933-

9. doi: 10.1038/ejcn.2010.142.  

18.Al Jassem O, Kheir K, Ismail A, Abou-Abbas L, Masri A, Haddad C et al. Vitamin B12 deficiency and 

neuropsychiatric symptoms in Lebanon: A cross-sectional study of vegans, vegetarians, and omnivores. 

PLoS One. 2024 Apr 17;19(4):e0297976. doi: 10.1371/journal.pone.0297976. Erratum in: PLoS One. 

2025 Jun 12;20(6):e0326220. doi: 10.1371/journal.pone.0326220.  

19.García-Maldonado E, Gallego-Narbón A, Zapatera B, Alcorta A, Martínez-Suárez M, Vaquero MP. 

Bone Remodelling, Vitamin D Status, and Lifestyle Factors in Spanish Vegans, Lacto-Ovo 

Vegetarians, and Omnivores. Nutrients. 2024 Feb 2;16(3):448. doi: 10.3390/nu16030448.  

20.Fernandes S, Oliveira L, Pereira A, Costa MDC, Raposo A, Saraiva A et al. Exploring Vitamin B12 

Supplementation in the Vegan Population: A Scoping Review of the Evidence. Nutrients. 2024 May 

10;16(10):1442. doi: 10.3390/nu16101442.  

21. Jiang W, Men S, Wen X, Yuan X, Pu D, Liu X et al. A preliminary study for the establishment of a 

reference interval for vitamin B12 in China after performance verification of a second-generation 

ECLIA kit. J Clin Lab Anal. 2020 May;34(5):e23165. doi: 10.1002/jcla.23165.  

22.Rizzo G, Laganà AS, Rapisarda AM, La Ferrera GM, Buscema M, Rossetti P et al. Vitamin B12 among 

Vegetarians: Status, Assessment and Supplementation. Nutrients. 2016 Nov 29;8(12):767. doi: 

10.3390/nu8120767.  

23.Sobczyńska-Malefora A, Delvin E, McCaddon A, Ahmadi KR, Harrington DJ. Vitamin B12 status in 

health and disease: a critical review. Diagnosis of deficiency and insufficiency - clinical and laboratory 

pitfalls. Crit Rev Clin Lab Sci. 2021 Sep;58(6):399-429. doi: 10.1080/10408363.2021.1885339.  

24.Sahay M, Sahay R. Rickets-vitamin D deficiency and dependency. Indian J Endocrinol Metab. 2012 

Mar;16(2):164-76. doi: 10.4103/2230-8210.93732.  



14 

25.Storz MA, Müller A, Niederreiter L, Zimmermann-Klemd AM, Suarez-Alvarez M, Kowarschik S et al. 

A cross-sectional study of nutritional status in healthy, young, physically-active German omnivores, 

vegetarians and vegans reveals adequate vitamin B12 status in supplemented vegans. Ann Med. 

2023;55(2):2269969. doi: 10.1080/07853890.2023.2269969. Epub 2023 Oct 18. Erratum in: Ann Med. 

2024 Dec;56(1):2346423. doi: 10.1080/07853890.2024.2346423.  

26.Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, Köstenberger M, Tmava Berisha A et 

al. Vitamin D deficiency 2.0: an update on the current status worldwide. Eur J Clin Nutr. 2020 

Nov;74(11):1498-1513. doi: 10.1038/s41430-020-0558-y.  

27.Charoenngam N, Shirvani A, Holick MF. Vitamin D and Its Potential Benefit for the COVID-19 

Pandemic. Endocr Pract. 2021 May;27(5):484-493. doi: 10.1016/j.eprac.2021.03.006.  

28.Bonham MP, Lamberg-Allardt C. Vitamin D in public health nutrition. Public Health Nutr. 2014 

Apr;17(4):717-20. doi: 10.1017/S1368980014000081. PMID: 24580999; PMCID: PMC10282386. 

29.Pilz S, Zittermann A, Trummer C, Theiler-Schwetz V, Lerchbaum E, Keppel MH et al. Vitamin D 

testing and treatment: a narrative review of current evidence. Endocr Connect. 2019 Feb 1;8(2):R27-

R43. doi: 10.1530/EC-18-0432. 

  

 
 

 

 

 

 

 

 

 

 

 

 

 



15 

 
Table 1. Characteristics of the study participants by diet duration and vegetarian structure† 
 

Characteristics Total (n=104) Diet duration Vegetarian structure 

3–5 years 

(n=26) 

6–10 years 

(n=34) 

>10 years 

(n=44) 

p Vegan 

(n=84) 

Lacto-ovo vegetarian 

(n=20) 

p 

Age (years) 42.4 ± 9.3 42.5 ± 9.6 39.9 ± 7.7 44.2 ± 10.0 0.126 42.5 ± 8.8 41.9 ± 11.4 0.782 

 18-44  66 (63.5%) 16 (61.5%) 25 (73.5%) 25 (56.8%) 0.306 53 (63.1%) 13 (65.0%) 0.874 

 45-   38 (36.5%) 10 (38.5%) 9 (26.5%) 19 (43.2%)  31 (36.9%) 7 (35.0%)  

Sex          

 Male 29 (27.9%) 7 (26.9%) 8 (23.5%) 14 (31.8%) 0.715 23 (27.4%) 6 (30.0%) 0.814 

 Female 75 (72.1%) 19 (73.1%) 26 (76.5%) 30 (68.2%)  61 (72.6%) 14 (70.0%)  

Education         

 High school or below  12 (11.5%) 5 (19.2%) 2 (5.9%) 5 (11.4%) 0.228 11 (13.1%) 1 (5.0%) 0.563 

 College  70 (67.3%) 17 (65.4%) 21 (61.8%) 32 (72.7%)  55 (65.5%) 15 (75.0%)  

 Graduate or above 22 (21.2%) 4 (15.4%) 11 (32.4%) 7 (15.9%)  18 (21.4%) 4 (20.0%)  

BMI (kg/m2) 21.7 ± 2.7 21.8 ± 2.5 21.1 ± 2.4 22.1 ± 3.0 0.287 21.5 ± 2.7 22.6 ± 2.4 0.105 

 <18.5  11 (10.6%) 3 (11.5%) 3 (8.8%) 5 (11.4%) 0.409# 9 (10.7%) 2 (10.0%) 0.340# 

 18.5-23.9  74 (71.2%) 18 (69.2%) 28 (82.4%) 28 (63.6%)  62 (73.8%) 12 (60.0%)  

 ≥24  19 (18.3%) 5 (19.2%) 3 (8.8%) 11 (25.0%)  13 (15.5%) 6 (30.0%)  

Chronic disease  9 (8.7%) 4 (15.4%) 3 (8.8%) 2 (4.6%) 0.297 7 (8.3%) 2 (10.0%) 0.812 

Supplement use          

 None 65 (62.5%) 18 (69.2%) 20 (58.8%) 27 (61.4%) 0.094# 56 (66.7%) 9 (45.0%) 0.032# 

 1–2 times/week 16 (15.4%) 4 (15.4%) 2 (5.9%) 10 (22.7%)  9 (10.7%) 7 (35.0%)  

 ≥3 times/week  23 (22.1%) 4 (15.4%) 12 (35.3%) 7 (15.9%)  19 (22.6%) 4 (20.0%)  

Vitamin types          

 Had B12 supply 31 (29.8%) 7 (26.9%) 11 (32.3%) 13 (29.5%) 0.900 24 (28.6%) 7 (35.0%) 0.572 

 Had D supply 19 (18.3%) 7 (26.9%) 7 (20.6%) 5 (11.4%) 0.243 14 (16.7%) 5 (25.0%) 0.386 
 
†Data are presented as n (%) 
‡Fisher exact test was used. 
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Table 2. Levels of vitamin B12 and D and their deficiency risks across the study participants with varied characteristics 
 

Characteristics Vitamin B12 (pg/mL)   Vitamin D† (ng/mL)  

Median  

(Q25, Q75) 

p Deficiency risk 

(<200) 

Non-deficiency 

(≥200) 

p  Median  

(Q25, Q75) 

p Deficiency risk 

(<20) 

Non-deficiency 

(≥20) 

p 

Total 234.0 (163.6, 361.0) - 40 (38.50%) 64 (61.50%) -  7.7 (4.4, 13.8) - 88 (84.60%) 16 (15.40%) - 

Age (years)            

 18 - 44 213.0 (139.0, 338.0) 0.099 30 (45.50%) 36 (54.50%) 0.053  6.7 (4.2, 13.2) 0.072 59 (89.40%) 7 (10.60%) 0.075 

 45 - 279.0 (195.0, 415.0)  10 (26.30%) 28 (73.70%)   8.4 (5.4, 14.8)  29 (76.30%) 9 (23.70%)  

Sex            

 Male 139.0 (103.0, 212.0) <0.001 20 (69.00%) 9 (31.00%) <0.001  9.4 (6.0, 14.1) 0.124 25 (86.20%) 4 (13.80%) 0.780 

 Female 267.0 (179.0, 406.0)  20 (26.70%) 55 (73.30%)   6.6 (4.2, 13.4)  63 (84.00%) 12 (16.00%)  

Education            

 High school/below 169.5 (100.0, 365.0) 0.772 6 (50.00%) 6 (50.00%) 0.581  4.8 (2.8, 13.3) 0.329 11 (91.70%) 1 (8.30%) 0.167* 

 College 232.0 (161.0, 367.0)  27 (38.60%) 43 (61.40%)   7.5 (5.4, 14.8)  55 (80.00%) 14 (20.00%)  

 Graduate or above 254.0 (164.0, 347.0)  7 (31.80%) 15 (68.20%)   9.4 (6.0, 12.5)  21 (95.50%) 1 (4.60%)  

BMI(kg/m2)            

   <18.5  279.0 (153.0, 402.0) 0.890 4 (36.4%) 7 (63.6%) 0.760  6.0 (2.2, 9.9) 0.231 11 (100.0%) 0 0.313# 

   18.5-23.9  227.5 (160.0, 367.0)  30 (40.6%) 44 (59.5%)   7.7 (4.3, 14.1)  62 (83.8%) 12 (16.2%)  

   ≥24 231.0 (152.0, 285.0)  6 (31.6%) 13 (68.4%)   9.3 (5.3, 14.0)  15 (79.0%) 4 (21.1%)  

Chronic disease            

 yes 321.2±139.8 0.403 2 (22.20%) 7 (77.80%) 0.295*  11.0±6.9 0.902 7 (77.80%) 2 (22.20%) 0.552 

 no 271.7±171.3  38 (40.00%) 57 (60.00%)   11.4±11.3  81 (85.30%) 14 (14.70%)  

Supplement use            

 None 212.0 (128.0, 315.0) 0.005 30 (46.20%) 35 (53.80%) 0.040  6.2 (4.2, 12.0) 0.093 58 (89.20%) 7 (10.80%) 0.076* 

 1 - 2 times/week 215.0 (162.0, 341.5)  37 (57.50%) 10 (62.50%)   9.4 (6.0, 13.0)  14 (87.50%) 2 (12.50%)  

 ≥3 times/week 299.0 (218.0, 483.0)  4 (17.40%) 19 (82.60%)   14.0 (7.4, 24.5)  16 (69.60%) 7 (30.40%)  

 Trend test  0.005  0.016    0.093  0.034   

Vitamin types            

 Had B12/D supply 337.0 (163.0, 382.0) 0.075 5 (12.50%) 15 (23.40%) 0.169  14.7 (6.9, 27.8) 0.014 12 (13.60%) 8 (50.00%) <0.001* 

 No B12/D supply 226.5 (149.0, 330.0)      6.5 (4.3, 12.2)     

Diet duration            

 3 - 5 years 257.0 (179.0, 482.0) 0.313 8 (30.80%) 18 (69.20%) 0.648  11.3 (6.2, 24.5) 0.007 18 (59.20%) 8 (30.80%) 0.007 

 6 - 10 years 245.0 (149.0, 355.0)  14 (41.20%) 20 (58.80%)   6.3 (3.7, 12.7)  29 (85.30%) 5 (14.70%)  

 >10 years 216.5 (128.5, 297.5)  18 (40.90%) 26 (59.10%)   6.5 (4.5, 12.7)  41 (93.20%) 3 (6.80)  

 Trend test  0.067  0.489    0.03  0.004   

Vegetarian type            

 Vegan 215.0 (146.5, 328.0) 0.028 37 (44.10%) 47 (56.00%) 0.016  6.1 (4.0, 13.2) 0.001 72 (85.70%) 12 (14.30%) 0.524 

 Lacto-ovo vegetarian 317.5 (227.0, 416.5)   3 (15.00%) 17 (85.00%)     12.4 (9.4, 15.9)   16 (80.00%) 4 (20.00%)   
 
†Vitamin D was serum 25(OH)D (ng/mL) 
‡Fisher's exact test was used for comparisons 
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Table 3. Multivariable Llinear regression models for vitamin B12 and D† 
 

Variable Model 1 Model 2 Model 3 

eβ±1.96×SE p eβ±1.96×SE p eβ±1.96×SE p 

Vitamin B12 (logB12)       

 Diet duration (Ref: 3-5 years)       

 6-10 years 0.9 (0.7-1.2) 0.085 0.9 (0.7, 1.1) 0.252 0.8 (0.6, 0.99) 0.048 

 >10 years 0.8 (0.6, 1.0) 0.282 0.8 (0.6, 1.0) 0.055 0.8 (0.6, 1.0) 0.053 

 Trend test 0.96 (0.92, 1.0) 0.083 0.96 (0.92, 1.0) 0.053 0.96 (0.92, 0.998) 0.042 

 Vegetarian type (Ref: vegan)       

 Lacto-ovo vegetarian 1.4 (1.1, 1.9) 0.012 1.4 (1.1, 1.8) 0.008 1.4 (1.1, 1.8) 0.003 

Vitamin D (logD)       

 Diet duration (Ref: 3-5 years)       

 6-10 years 0.6 (0.4, 0.998) 0.049 0.6 (0.4, 0.998) 0.042 0.6 (0.4, 0.95) 0.006 

 >10 years 0.6 (0.4, 0.9) 0.010 0.5 (0.4, 0.8) 0.004 0.6 (0.4, 0.8) 0.032 

 Trend test 0.9 (0.86, 0.98) 0.009 0.9 (0.8, 0.97) 0.004 0.9 (0.8, 0.97) 0.005 

 Vegetarian type (Ref: vegan)       

 Lacto-ovo vegetarian 1.8 (1.2, 2.7) 0.006 1.7 (1.1, 2.6) 0.012 1.7 (1.1, 2.5) 0.015 
 
†The dependent variables B12 and D were log-transformed to log(B12) and log(D) to achieve a normal distribution. Subsequently, multiple linear regression was performed. The regression coefficients (β) 

were then exponentiated (i.e., transformed to e^β) ,which reflected the multiplicative changes in vitamin B12 and vitamin D levels associated with diet duration and type. Model 1 was a simple univariate 

analysis without adjustment; Model 2 adjusted for age, sex, education, chronic diseases, and BMI; In addition to the variables adjusted in Model 2, Model 3 included additional covariates related to 

nutrition, such as nutrition supply intake over the past 3 months, type of nutrition supply, and frequency of nutrition intake 
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Table 4. Multivariable logistic regression for vitamin B12 and D deficiency 
 

Variable Model 1† Model 2‡ Model 3§ 

OR (95% CI) p OR (95% CI) p OR (95% CI) p 

Vitamin B12 deficiency       

 Diet duration (Ref: 3-5 years)       

 6-10 years 1.5 (0.5, 4.4) 0.409 1.7 (0.5, 6.1) 0.349 2.1 (0.5, 8.3) 0.418 

 >10 years 1.5 (0.5, 4.5) 0.398 1.7 (0.5, 5.9) 0.839 1.9 (0.5, 6.8) 0.515 

 Trend test 1.1 (0.9, 1.3) 0.391 1.1 (0.9, 1.3) 0.440 1.1 (0.9, 1.4) 0.359 

 Vegetarian type (Ref: Strict vegan)       

 Lacto-ovo vegetarian 0.2 (0.06, 0.8) 0.024 0.2 (0.04, 0.8) 0.015 0.2 (0.03, 0.8) 0.017 

Vitamin D deficiency       

 Diet duration (Ref: 3-5 years)       

 6-10 years 2.5 (0.7, 8.9) 0.142 2.3 (0.5, 10.1) 0.370 3.7 (0.6, 22.9) 0.182 

 >10 years 6.0 (1.4, 25.5) 0.014 9.7 (1.9, 49.4) 0.009 9.1 (1.5, 53.3) 0.017 

 Trend test 1.3 (1.1, 1.6) 0.010 1.4 (1.1, 1.8) 0.009 1.4 (1.1, 1.9) 0.015 

 Vegetarian type (Ref: vegan)       

 Lacto-ovo vegetarian 0.7 (0.2, 2.5) 0.526 0.8 (0.2, 3.4) 0.513 0.9 (0.1, 7.5) 0.901 
 
†Model 1: a simple univariate analysis without adjustment 
‡Model 2: adjusted for age, sex, education, chronic diseases, and BMI 
§Model 3: In addition to the variables adjusted in Model 2, additional covariates related to nutrition, such as nutrition supply intake over the past 3 months, type of nutrition supply, and frequency of 

nutrition intake were included 
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Figure 1. Forest plot of exponentiated coefficients (e^β) for factors associated with Vitamin B12 levels. Each horizontal line 

represents the 95% confidence interval (CI) for the e^βof a given exposure variable, with the square marker indicating the point 

estimate. An e^β> 1 suggests a positive association with Vitamin B12 levels, while e^β< 1 suggests a negative association. Variables 

crossing the vertical dashed line (e^β= 1) indicate non - significant associations at the 95% CI level. 

 
 

 
 

Figure 2. Forest plot of exponentiated coefficients (e^β) for factors associated with Vitamin D levels. Each horizontal line represents 

the 95% confidence interval (CI) for the e^βof a given exposure variable, with the square marker indicating the point estimate. An 

e^β> 1 suggests a positive association with Vitamin D levels, while e^β< 1 suggests a negative association. Variables crossing the 

vertical dashed line (e^β= 1) indicate non - significant associations at the 95% CI level 
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Figure 3. Forest plot of odds ratios (ORs) for Vitamin B12 deficiency risk factors. Horizontal lines represent 95% confidence 

intervals (CIs) for ORs of each exposure variable, with square markers denoting point estimates. OR > 1 indicates increased 

deficiency risk, OR < 1 indicates reduced risk. The vertical dashed line (OR = 1) marks no association; intervals crossing it suggest 

non - significance at the 95% CI level 

 

 
 

Figure 4. Forest plot of odds ratios (ORs) for Vitamin D deficiency risk factors. Horizontal lines represent 95% confidence intervals 

(CIs) for ORs of each exposure variable, with square markers denoting point estimates. OR > 1 indicates increased deficiency risk, 

OR < 1 indicates reduced risk. The vertical dashed line (OR = 1) marks no association; intervals crossing it suggest non - 

significance at the 95% CI level 


