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Objective: Fat-soluble vitamins (FSVs) play essential roles in numerous 
physiological processes and are involved in the onset and progression of chronic 
diseases. However, limited research has investigated whether dietary intake of 
live microbes correlates with circulating FSVs levels. This study aims to explore 
the relationship between the dietary intake of live microbes and the serum levels 
of FSVs.

Methods: We conducted a cross-sectional analysis on a nationally representative 
sample of 27,668 participants from the National Health and Nutrition Examination 
Survey (NHANES) to assess the association between serum levels of FSVs and 
the intake of dietary live microbes. Weighted generalized linear regression and 
logistic regression models were used to evaluate the associations, adjusting for 
demographic, lifestyle, laboratory, and dietary covariates.

Results: After multivariate adjustment, each one-unit increase in the natural 
log-transformed MedHi food intake corresponds to an increase of 0.17 μg/dL in 
vitamin A (95% CI: 0.04, 0.30), 0.36 nmol/L in vitamin D (95% CI: 0.22, 0.51), and 
4.65 μg/dL in vitamin E (95% CI: 1.91, 7.39). Furthermore, the exposure-response 
curves for MedHi consumption showed a consistent decreasing trend in the 
prevalence of low serum levels of these FSVs.

Conclusion: In conclusion, this study provides evidence that the dietary intake 
of live microbes is associated with increased serum levels of FSVs and may 
contribute to reducing deficiencies in these vitamins.
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Introduction

FSVs are essential micronutrients involved in numerous 
physiological and biochemical processes such as vision, bone 
metabolism, immune regulation, and antioxidant defense (1–4). 
Deficiency or imbalance of FSVs has been associated with various 
chronic diseases, including osteoporosis, cardiovascular disease, and 
metabolic disorders (5–7). Emerging evidence suggests that the gut 
microbiota may modulate the absorption, metabolism, and 
bioavailability of FSVs (8). The gut microbiota can influence bile acid 
metabolism, lipid absorption pathways, and vitamin receptor 
expression, all of which are closely related to FSVs transport and 
utilization. However, while previous studies have explored the 
interaction between gut microbiota and vitamin metabolism, few have 
directly examined whether the dietary intake of live microbes 
influences serum FSVs levels in large, population-based samples (9). 
This study aims to address this knowledge gap.

The composition of the gut microbiota is influenced by endogenous 
and environmental factors, including diet, antibiotic intake, and 
exogenous substances. Among these factors, diet is regarded as the 
main driver of changes in gut bacterial diversity, potentially influencing 
its functional relationship with the host (10). Recent studies have 
shown that certain foodborne microbes can survive gastrointestinal 
transit and potentially colonize or interact with the host gut 
microbiome, thus affecting metabolic processes (11). Although studies 
have confirmed that the gut microbiota and its metabolites facilitate 
the absorption of FSVs (8, 12, 13), limited research has evaluated 
whether the dietary intake level of live microbes is associated with 
serum FSVs concentrations in population-based settings.

Some studies have also investigated the interaction between 
vitamin D and gut microbiota. For instance, vitamin D 
supplementation has been shown to alter the composition of gut 
microbiota by increasing the abundance of Firmicutes, 
Actinobacteria, and Bacteroidetes (14, 15), while population studies 
have reported that individuals with higher vitamin D levels tend to 
have greater gut microbial diversity (7, 16). These findings suggest 
potential bidirectional interactions between FSVs and gut microbiota. 
However, these studies primarily focused on vitamin D, while less is 
known about how live microbial intake may influence overall 
FSVs status.

Given that previous evidence is mostly limited to mechanistic 
and intervention studies, and that data from large-scale population 
studies are lacking, we aimed to investigate the association between 
dietary intake of live microbes and serum levels of FSVs using a 
nationally representative sample from NHANES. Cross-sectional 
surveys are flexible in design, allowing biomarkers to be measured in 
a short timeframe during the survey as needed for scientific purposes 
(17). This cross-sectional analysis may provide new insights into the 
potential role of the dietary intake of live microbes in modulating 
FSVs levels.

Methods

Study population

This study was a secondary analysis based on publicly available, 
de-identified data from the National Health and Nutrition 
Examination Survey (NHANES), a cross-sectional, nationally 
representative survey conducted in the United  States. All data 
collection procedures, including physical examinations, biomarker 
assessments, and laboratory testing, were conducted by trained 
NHANES staff following standardized protocols. Informed consent 
was obtained from all participants by NHANES at the time of data 
collection. The authors did not perform any additional data collection. 
All NHANES data are publicly accessible through the CDC website.

These surveys gather comprehensive data on nutritional intake, 
health behaviors, and medical conditions. Trained interviewers 
performed in-home interviews, collecting detailed demographic, 
dietary, socioeconomic, and health-related information using 
standardized questionnaires. Physical examinations were conducted 
at a mobile examination center.

We restricted our study sample to individuals over the age of 18 
and excluded pregnant individuals or those with missing data on 
missing data on exposures, covariates, or outcomes. Due to differences 
in biomarker availability across survey cycles, participants were 
divided into two groups: Group 1 (1999–2002 and 2005–2006) for 
analysis of vitamins A, E, and B12; Group 2 (2009–2018) for analysis 
of vitamin D. This grouping ensured appropriate use of available data 
while maximizing the analytical sample size. The inclusion and 
exclusion criteria for these groups are illustrated in Figure  1 for 
Group  1, and in Figure  2 for Group  2. All participants provided 
written informed consent, and the National Center for Health 
Statistics (NCHS) Research Ethics Review Board approved the survey 
protocol. As this study constituted a secondary analysis of de-identified 
data, it did not require additional institutional review board approval.

Dietary intake of live microbes category

The dietary data are collected using an in-person 24-h dietary recall 
component. NCHS collaborated with the US Department of Agriculture 
(USDA) to compare the 24-h dietary data against the USDA Food and 
Nutrient Database, estimating nutrient and energy intakes. 
Subsequently, sanders devised a method to quantify the live microbial 
content (per gram) in 9,388 food codes across 48 subgroups within the 
NHANES database (14). Four experts in the field (MLM, MES, RH, and 
CH) categorized the live microbial content of foods into three levels: low 
(Lo; <10^4 CFU/g), medium (Med; 10^4–10^7 CFU/g), and high (Hi; 
>10^7 CFU/g). Additionally, a composite category ‘MedHi’ was 
established by including consumers’ intake of foods from the ‘Med’, ‘Hi’, 
or both categories. Consensus was required among the panel of experts 
with disagreements resolved by panel discussion.

In this study, individuals were classified using two distinct 
methods based on their consumption of dietary live microbes. 
Participants were divided into three groups according to their MedHi 
consumption levels to assess live microbe ingestion: G1 (those without 
any MedHi food intake), G2 (those consuming MedHi foods above 
zero but below the median consumption level), and G3 (those 
consuming MedHi foods above the median level). Additionally, 

Abbreviations: NHANES, National Health and Nutrition Examination Survey; FSVs, 

Fat-soluble vitamins; NCHS, National Center for Health Statistics; USDA, US 

Department of Agriculture; PIR, Family income-to-poverty ratio; TC, Total 

cholesterol; ALT, Alanine aminotransferase; CKD, Chronic kidney disease; RCS, 

Restricted cubic spline.
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participants were divided into three groups based on the general 
microbial content of their diets: low (consumed only Lo-category 
foods), moderate (consumed Med-category foods but no Hi-category 
foods), and high (consumed any Hi-category foods).

Vitamins

Serum vitamin concentrations were extracted from the dataset and 
included as exposure variables. A standardized and fully validated 
technique employing liquid chromatography–tandem mass 
spectrometry (LC–MS/MS) was utilized for the quantitative assessment 
of 25-hydroxyvitamin D3 (25OHD3), 3-epi-25-hydroxyvitamin D3 
(epi-25OHD3), and 25-hydroxyvitamin D2 (25OHD2) in the serum 
of all eligible participants. Total serum 25(OH)D was defined as the 
combined concentrations of 25(OH)D3 and 25(OH)D2. The quality 
assurance and quality control protocols of the NHANES comply with 
the mandates of the 1988 Clinical Laboratory Improvement Act. In 
addition to FSVs, vitamin B12 (a water-soluble vitamin) was included 
for comparison to assess whether associations with dietary live 
microbes were specific to FSVs. Vitamins were categorized into two 
groups: FSVs, represented by vitamins A, D, and E, and water-soluble 
vitamins, represented by vitamin B12. Deficiency in vitamin D was 
defined as levels below 50 nmol/L (18–20) for individuals classified as 
the low concentration group. Concentrations of vitamins A, E, and B12 
were ranked from lowest to highest and divided at the median into low 

and high concentration groups. All vitamins were analyzed both as 
continuous and categorical variables.

Covariates

Potential confounders were evaluated as covariates. 
Questionnaires collected information on age, sex, race (Non-Hispanic 
White, Non-Hispanic Black, Mexican-American, Other Hispanic, 
Other Race), educational level (less than high school, high school or 
equivalent, college or above), family income-to-poverty ratio (PIR)
(<1.3, 1.3–3.5, >3.5), smoking status (never smoker, former smoker, 
current smoker), and leisure-time physical activity (inactive, 
moderately active, vigorously active). Drinking status was categorized 
into four groups: never (fewer than 12 drinks in a lifetime), former (no 
drinking in the past year but ≥12 drinks previously), light (up to 1 
drink per day for women or 2 drinks per day for men in the past year), 
and heavy (more than 1 drink per day for women or 2 drinks per day 
for men on average over the past year). Laboratory analysis covariates 
included serum total cholesterol (TC), serum alanine aminotransferase 
(ALT). Obesity was defined according to WHO standards as a 
BMI ≥ 30.0 kg/m2. Individuals were classified as hypertensive based 
on one or more of the following criteria: a self-reported doctor’s 
diagnosis of hypertension, current use of antihypertensive 
medications, a systolic blood pressure of 140 mmHg or higher, or a 
diastolic blood pressure of 90 mmHg or higher. Diabetes was defined 

FIGURE 1

Flowchart of participant selection for Group 1 (NHANES 1999–2002 and 2005–2006).
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based on any of the following criteria: a 2-h plasma glucose level ≥ 
11.1 mmol/L, an HbA1c level ≥ 6.5%, a fasting plasma glucose level ≥ 
7.0 mmol/L, current use of diabetic medications or insulin, or a self-
reported physician diagnosis. Daily dietary variables assessed included 
dietary vitamin A, D, E, B12 intake, total energy. Chronic kidney 
disease (CKD) was defined as estimated glomerular filtration rate < 
60 mL/min/1.73 m2 and/or urinary albumin to creatinine ratio >30 
mg/g (21). Time spent outdoors during a typical workday and 
non-work day were measured with two questions: “The next questions 
ask about the time you spent outdoors during the past 30 days. By 
outdoors, I mean outside and not under any shade. How much time 
did you usually spend outdoors between 9 in the morning and 5 in the 
afternoon on the days that you worked or went to school” and “During 
the past 30 days, how much time did you usually spend outdoors 
between 9 in the morning and 5 in the afternoon on the days when 
you were not working or going to school?” Total time spent outdoors 
was grouped into time intervals: 30 min or less, 30 min to 1 h, 1–2 h, 
2–3 h, 3–4 h, 4–5 h, 5–6 h, 6–8 h, 8–10 h, 10–12 h, 12–14 h, 14–16 h.

Statistical analyses

One-day dietary weights were applied in the analyses. Continuous 
variables are presented as the mean (standard deviation) or median 
(interquartile range), while categorical variables are presented as 
number (percentages).

To facilitate the analysis, the dietary intake of MedHi underwent 
natural log-transformation after adding 0.1g and was then analyzed 
as a continuous variable. These regression models adjusted the 
following covariates: Model 1 was crude model (unadjusted); Model 
2 was adjusted for age, sex; Model 3 was adjusted for model 2 plus 
race, education, smoking status, drinking status, family income and 
physical activity; Model 4 was adjusted for model 3 plus TC, ALT, 
chronic disease status (diabetes, hypertension, CKD, obesity), energy 
(kcal/d) and dietary vitamins intake. For regression models that 
measure grams MedHi consumed as a continuous exposure, 
regression coefficients are reported one-unit increment in natural 
log-transformation. These coefficients indicate the adjusted mean 
difference in the outcome for one-unit increment in natural 
log-transformation in exposure. In regression models using the 
three-level classification of patients based on dietary intakes, 
non-consumers (G1) serve as the reference group. Regression 
coefficients are reported for the two indicator variables: one for 
participants with intakes above zero but below the median (G2), and 
another for participants with intakes at or above the median (G3), 
both included simultaneously in the model.

Results

After applying inclusion and exclusion criteria, data were divided 
into two groups: Group  1 comprised 8,668 individuals from the 

FIGURE 2

Flowchart of participant selection for Group 2 (NHANES 2009–2018).
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NHANES cycles 1999–2002 and 2005–2006 for examining the 
association between serum vitamin levels and the intake of live 
microbes (Figure 1). Group 2 included 19,000 individuals surveyed 
between 2009 and 2018 for investigating the association between 
serum vitamin D levels and live microbe intake (Figure 2). Table 1 
shows the demographic characteristics of Group 1 (NHANES 1999–
2002 and 2005–2006). In Group  1, the mean age was 45.6 years 
(±0.34), 50.5% were male, and 72.8% were non-Hispanic White. 
Group  2 displayed comparable demographic distributions (see 
Supplementary Table S1).

Generalized linear regression analyses

Table 2 presents the results from univariable and multivariable 
weighted generalized linear regression analyses exploring the 
correlation between dietary intake of MedHi food and serum vitamin 
levels. The multivariate adjustment indicated each one-unit increase 
in the natural log-transformed MedHi food intake corresponding to 
an increase of 0.17 μg/dL in vitamin A (95% CI: 0.04, 0.30), 
0.36 nmol/L in vitamin D (95% CI: 0.22, 0.51), and 4.65 μg/dL in 
vitamin E (95% CI: 1.91, 7.39). No significant association was found 
with vitamin B12 (Supplementary Table S2).

Logistic regression analyses

Table  3 presents the results from logistic regression analyses 
examining the correlation between dietary intake of MedHi food and 
clinically relevant low serum vitamin groups. When MedHi 
consumption was analyzed as a continuous variable, each one-unit 
increase in natural log-transformed MedHi consumption was 
associated with a 3% (95% CI: 1–5%), 3% (95% CI: 2–5%), and 4% 
(95% CI: 2–6%) lower risk of being in the low serum vitamin A, D, 
and E groups, respectively, after multivariate adjustment. No 
significant association was observed with the low serum vitamin B12 
group. Furthermore, when MedHi consumption was categorized into 
three groups based on the quantity of MedHi food intake, the risk of 
having low serum FSVs levels (A, D, E) was significantly lower in the 
G3 highest consumption group compared with the G1 
non-consumption group across all four models, as detailed in Table 4. 
Furthermore, when categorized by the general microbial quantity of 
their diets, the risk of having low serum FSVs groups (A, D, E) was 
significantly lower in the moderately higher consumption groups 
compared to the lower consumption group.

Restricted cubic splines (RCSs) demonstrated the relationship 
between dietary intake of MedHi food and serum levels of FSVs (A, 
D, E). The exposure-response curves for MedHi consumption showed 
a consistent decreasing trend in the prevalence of low serum levels of 
these FSVs, as illustrated in Figures 3–5.

Sensitivity analyses

Given the strong correlation between time spent outdoors for 
physical activity and serum vitamin D levels (22), it is however 
notable that the NHANES database has collected physical activity 

data which did not specify as outdoor physical activity. In the 
sensitivity analysis, the association between the dietary intake of live 
microbes and serum vitamin D levels was examined with time spent 
outdoors included as a covariate in the statistical analysis 
(Supplementary Table S3). However, additional adjustments for time 
spent outdoors did not significantly alter the outcomes.

Discussion

In this nationally representative cross-sectional study, 
we observed that dietary intake of live microbes was associated with 
higher serum levels of FSVs (A, D, and E), while no significant 
association was found with vitamin B12, a water-soluble vitamin, 
suggesting that the observed associations may be specific to FSVs. 
These findings suggested that live microbe consumption may 
specifically affect the status of FSVs. To our knowledge, this is the first 
population-based study in the United  States to explore these 
associations, providing novel insights into the relationship between 
the dietary intake of live microbes and FSVs.

Several mechanisms may underlie these associations. Absorption 
depends heavily on intestinal function and gut microbiota activity (8, 
23). The gut microbiota can influence bile acid metabolism, lipid 
digestion, mucosal integrity, and transporter expression, all of which 
modulate the absorption and bioavailability of FSVs (7, 24, 25). 
Moreover, certain live dietary microbes may directly interact with the 
gut environment, enhancing vitamin uptake or modifying gut 
permeability, thereby facilitating vitamin absorption. Although 
vitamin D has been shown to regulate microbiota composition, and 
higher vitamin D levels are associated with increased gut microbial 
diversity (26), few studies have specifically evaluated the role of the 
dietary intake of live microbes on FSVs, particularly in large-scale 
epidemiologic settings.

Our findings are consistent with previous mechanistic and 
observational studies suggesting bidirectional interactions between 
the gut microbiota and host vitamin metabolism (7, 8, 26, 27). 
However, our results extend prior work by demonstrating that the 
dietary intake of live microbes may be a modifiable dietary factor 
associated with improved FSVs status.

This study has several strengths, including the large, nationally 
representative NHANES sample, standardized biomarker 
assessments, and comprehensive adjustment for demographic, 
lifestyle, laboratory, and dietary covariates. Additionally, we examined 
both fat- and water-soluble vitamins to better evaluate the specificity 
of the observed associations.

However, several limitations must be acknowledged. First, due 
to the cross-sectional nature of NHANES, causality cannot 
be established. Second, the assessment of the dietary intake of live 
microbes relied on a food frequency approach and estimates from 
Sanders’ classification, which may not capture all sources or strains 
of live microbes. Third, the FSVs were measured across different 
NHANES cycles, requiring separate analytic groups, and 
preventing combined multivariate modeling across vitamins. 
Finally, residual confounding by unmeasured factors cannot 
be entirely excluded.

In summary, our findings suggest that the dietary intake of live 
microbes was associated with higher serum levels of FSVs in the 
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TABLE 1 Demographic characteristics of group 1 (NHANES 1999–2002 and 2005–2006).

Variables Total MedHi groups p

G1 G2 G3

Age (years) 45.61 (0.34) 44.19 (0.31) 47.30 (0.46) 44.23 (0.66) <0.0001

Sex <0.001

  Male 4,542 (50.49) 1711 (53.93) 2094 (49.23) 737 (47.54)

  Female 4,126 (49.51) 1,388 (46.07) 1945 (50.77) 793 (52.46)

Race <0.0001

  Non-Hispanic White 4,345 (72.77) 1,381 (68.38) 2043 (72.90) 921 (79.84)

  Other Race 4,323 (27.23) 1718 (31.62) 1996 (27.10) 609 (20.16)

Education <0.0001

  Less than high school 1,226 (6.24) 490 (7.45) 575 (6.18) 161 (4.34)

  High school or equivalent 3,551 (39.47) 1,453 (47.34) 1,604 (38.21) 494 (29.06)

  College or above 3,891 (54.29) 1,156 (45.21) 1860 (55.61) 875 (66.60)

Family income-to-poverty ratio <0.0001

  <1.3 2,358 (20.56) 1,017 (26.91) 1,028 (18.40) 313 (14.72)

  1.3–3.5 3,414 (36.49) 1,265 (40.14) 1,612 (36.58) 537 (30.15)

  >3.5 2,896 (42.95) 817 (32.95) 1,399 (45.02) 680 (55.13)

Smoking status <0.0001

  Never 4,359 (49.77) 1,460 (45.11) 2087 (51.50) 812 (53.74)

  Former 2,230 (23.99) 700 (20.84) 1,107 (25.51) 423 (25.89)

  Current 2079 (26.25) 939 (34.06) 845 (22.99) 295 (20.37)

Drinking status 0.004

  Non-alcohol intake 1,179 (12.07) 435 (12.05) 572 (12.98) 172 (10.10)

  Former alcohol intake 1734 (16.94) 680 (19.44) 778 (15.71) 276 (15.51)

  Mild alcohol intake 2,826 (34.45) 898 (30.57) 1,383 (35.89) 545 (37.79)

  Heavy alcohol intake 2,929 (36.53) 1,086 (37.95) 1,306 (35.43) 537 (36.60)

Recreational activity <0.0001

  Inactive 3,352 (32.06) 1,322 (36.65) 1,519 (30.72) 511 (27.47)

  Moderate 193 (1.60) 90 (2.32) 92 (1.51) 11 (0.60)

  Vigorous 5,118 (66.27) 1,685 (61.04) 2,427 (67.77) 1,006 (71.93)

Obesity 0.57

  No 5,642 (66.65) 1969 (66.49) 2,633 (67.87) 1,040 (68.45)

  Yes 2,879 (32.06) 1,064 (33.51) 1,343 (32.13) 472 (31.55)

CKD <0.001

  No 7,128 (86.51) 2,491 (86.10) 3,314 (86.53) 1,323 (90.13)

  Yes 1,479 (12.79) 581 (13.90) 699 (13.47) 199 (9.87)

Diabetes 0.17

  No 7,521 (90.79) 2,681 (90.74) 3,475 (90.20) 1,365 (92.19)

  Yes 1,147 (9.21) 418 (9.26) 564 (9.80) 165 (7.81)

Hypertension 0.04

  No 5,222 (65.06) 1840 (64.26) 2,390 (64.00) 992 (68.81)

  Yes 3,441 (34.92) 1,257 (35.74) 1,647 (36.00) 537 (31.19)

TC (mmol/L) 5.15 (0.02) 5.15 (0.03) 5.17 (0.02) 5.12 (0.03) 0.47

ALT (U/L) 25.83 (0.30) 26.36 (0.54) 25.48 (0.37) 25.73 (0.74) 0.41

MedHi (g/d) 88.19 (2.17) 0.00 (0.00) 120.61 (2.32) 164.13 (3.60) <0.0001

(Continued)
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U. S. population. These results highlight a potentially modifiable 
nutritional target for improving micronutrient status. Prospective 
longitudinal studies and interventional trials are warranted to 
further investigate the causal relationships and underlying 
mechanisms involved.

Conclusion

In conclusion, this study supports an association between the dietary 
intake of live microbes and increased serum levels of FSVs. Specifically, 
each one-unit increase in the natural log-transformed MedHi food 

TABLE 2 Regression analysis showing the association between dietary intake of live microbes with serum vitamins.

Variables Per one-unit increment in natural log-transformed MedHi(g)

Model 1 p Model 2 p Model 3 p Model 4 p

Serum vitamin A (ug/dL) 0.34 [0.21, 0.48] <0.001 0.33 [0.20, 0.46] <0.001 0.17 [0.04, 0.30] 0.011 0.17 [0.04, 0.30] 0.011

Serum vitamin D (nmol/L) 1.04 [0.87, 1.21] <0.001 0.88 [0.71, 1.06] <0.001 0.45 [0.29, 0.60] <0.001 0.36 [0.22, 0.51] <0.001

Serum vitamin E (ug/dL) 13.30[10.19, 16.40] <0.001 9.86 [6.71, 13.01] <0.001 5.04 [1.69, 8.39] 0.005 4.65 [1.91, 7.39] 0.002

Serum vitamin B12 (pg/mL) 0.31 [−1.25, 1.87] 0.69 0.27 [−1.31, 1.86] 0.73 0.20 [−1.41, 1.81] 0.804 −0.14 [−1.72, 1.43] 0.851

Model 1: Crude model; Model 2: Adjusted for age, sex; Model 3: Adjusted for model 2 plus race, education, smoking status, drinking status, family income and physical activity; Model 4: 
Adjusted for model 2 plus TC, ALT, chronic disease status (diabetes, hypertension, CKD, obesity), energy (kcal/d) and dietary vitamins intake.

TABLE 1 (Continued)

Variables Total MedHi groups p

G1 G2 G3

Serum Vitamin A (ug/dL) 59.30 (0.34) 57.94 (0.47) 59.75 (0.44) 60.60 (0.54) <0.0001

Serum vitamin E (ug/dL) 1183.08 (7.84) 1131.66 (10.66) 1211.08 (9.87) 1207.13 (15.08) <0.0001

Serum vitamin B12 (pg/mL) 469.75 (2.97) 468.39 (4.64) 473.45 (4.51) 463.78 (4.64) 0.29

Vitamin A intake (mcg) 604.96 (12.49) 538.52 (24.77) 621.00 (15.56) 680.80 (16.80) <0.001

Vitamin E intake (mg) 7.02 (0.10) 6.03 (0.11) 7.41 (0.17) 7.83 (0.19) <0.0001

Vitamin B12 intake (mcg) 5.31 (0.11) 5.10 (0.22) 5.35 (0.14) 5.56 (0.17) 0.21

Energy (kcal/d) 2200.67 (18.02) 2098.31 (24.25) 2204.51 (24.16) 2363.90 (29.38) <0.0001

Data are presented as means (SE) for continuous measures and numbers (percentage) for categorical measures.

FIGURE 3

RCS showing the association between natural log-transformed MedHi food intake and odds ratio of lower serum vitamin A group.
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TABLE 4 Regression analysis showing the association between dietary intake of live microbes with lower levels of serum FSVs.

Variables Model 1 p Model 2 p Model 3 p Model 4 p

Lower serum vitamin A group

Categories

  G1 1 1 1 1

  G2 0.93 [0.75, 1.14] 0.47 0.94 [0.76, 1.16] 0.552 1.08 [0.87, 1.33] 0.464 1.10 [0.85, 1.42] 0.438

  G3 0.60 [0.53, 0.68] <0.001 0.64 [0.56, 0.73] <0.001 0.81 [0.69, 0.94] 0.007 0.78 [0.65, 0.92] 0.007

  p for trend <0.001 <0.001 0.004 0.005

Dietary intake of live microbes group

  Low 1 1 1 1

  Moderate 0.79 [0.69, 0.90] 0.001 0.80 [0.70, 0.92] 0.003 0.87 [0.76, 1.01] 0.068 0.86 [0.73, 1.01] 0.069

  High 0.70 [0.61, 0.81] <0.001 0.65 [0.56, 0.76] <0.001 0.76 [0.65, 0.90] 0.002 0.76 [0.64, 0.90] 0.003

  p for trend <0.001 <0.001 0.002 0.002

Serum vitamin D deficiency

Categories

  G1 1 1 1 1

  G2 0.75 [0.63, 0.88] 0.001 0.73 [0.62, 0.86] <0.001 0.79 [0.67, 0.94] 0.009 0.79 [0.66, 0.94] 0.01

  G3 0.60 [0.55, 0.66] <0.001 0.63 [0.57, 0.69] <0.001 0.76 [0.68, 0.85] <0.001 0.80 [0.72, 0.89] <0.001

p for trend <0.001 <0.001 <0.001 <0.001

Dietary intake of live microbes group

  Low 1 1 1 1

  Moderate 0.68 [0.61, 0.76] <0.001 0.71 [0.64, 0.79] <0.001 0.78 [0.70, 0.87] <0.001 0.81 [0.72, 0.90] <0.001

  High 0.55 [0.49, 0.62] <0.001 0.56 [0.50, 0.63] <0.001 0.74 [0.65, 0.85] <0.001 0.79 [0.69, 0.90] 0.001

p for trend <0.001 <0.001 <0.001 <0.001

Lower serum vitamin E group

Categories

  G1 1 1 1 1

  G2 0.93 [0.75, 1.14] 0.47 0.94 [0.76, 1.16] 0.552 1.08 [0.87, 1.33] 0.464 1.10 [0.85, 1.42] 0.438

  G3 0.60 [0.53, 0.68] <0.001 0.64 [0.56, 0.73] <0.001 0.81 [0.69, 0.94] 0.007 0.78 [0.65, 0.92] 0.007

p for trend <0.001 <0.001 <0.001 <0.001

Dietary intake of live microbes group

  Low 1 1 1 1

  Moderate 0.65 [0.57, 0.75] <0.001 0.72 [0.62, 0.83] <0.001 0.81 [0.69, 0.94] 0.008 0.79 [0.66, 0.96] 0.018

  High 0.68 [0.58, 0.80] <0.001 0.65 [0.55, 0.77] <0.001 0.80 [0.67, 0.95] 0.012 0.80 [0.66, 0.96] 0.022

p for trend <0.001 <0.001 0.006 0.013

Model 1: crude model; Model 2: Adjusted for age, sex; Model 3: Adjusted for model 2 plus race, education, smoking status, drinking status, family income and physical activity; Model 4: (for 
serum vitamins): Adjusted for model 3 plus TC, ALT, chronic disease status (diabetes, hypertension, CKD, obesity), energy (kcal/d) and dietary vitamins intake.

TABLE 3 Regression analysis showing the association between dietary intake of live microbes with lower levels of serum FSVs.

Variables Per one-unit increment in natural log-transformed MedHi(g)

Model 1 p Model 2 p Model 3 p Model 4 p

Low serum vitamin A group 0.96 [0.94, 0.97] <0.001 0.96 [0.94, 0.97] <0.001 0.97 [0.95, 0.99] 0.003 0.97 [0.95, 0.99] 0.003

Serum vitamin D deficiency 0.93 [0.92, 0.94] <0.001 0.93 [0.92, 0.95] <0.001 0.96 [0.94, 0.97] <0.001 0.97 [0.95, 0.98] <0.001

Low serum vitamin E group 0.93 [0.92, 0.95] <0.001 0.94 [0.92, 0.96] <0.001 0.96 [0.94, 0.98] 0.002 0.96 [0.94, 0.98] 0.002

Low serum vitamin B12 group 1.00 [0.98, 1.02] 0.792 1.00 [0.98, 1.02] 0.797 1.00 [0.98, 1.02] 0.915 1.00 [0.98, 1.02] 0.832

Model 1: crude model; Model 2: Adjusted for age, sex; Model 3: Adjusted for model 2 plus race, education, smoking status, drinking status, family income and physical activity; Model 4: 
Adjusted for model 2 plus TC, ALT, chronic disease status (diabetes, hypertension, CKD, obesity), energy (kcal/d) and dietary vitamins intake.
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intake was associated with increases of 0.17 μg/dL in vitamin A, 
0.36 nmol/L in vitamin D, and 4.65 μg/dL in vitamin E. These 
associations may contribute to reducing deficiencies in these vitamins. 
Prospective long-term studies are warranted to further investigate the 
efficacy of dietary live microbe intake in improving serum FSVs levels.
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FIGURE 4

RCS showing the association between natural log-transformed MedHi food intake and odds ratio of vitamin D deficency.

FIGURE 5

RCS showing the association between natural log-transformed MedHi food intake and odds ratio oflower serum vitamin E group.
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