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Metabolic dysfunction-associated steatotic liver disease (MASLD) is an emerging global health concern 
with limited therapeutic options. Multivitamins, widely consumed dietary supplements, have been 
proposed to modulate oxidative stress and inflammation, potentially impacting MASLD progression. 
However, their efficacy in reducing mortality and other complications in MASLD remains unclear. Using 
data from the UK Biobank with 7 years of median follow-up period, this study assessed the association 
between multivitamin use and health outcomes, including all-cause mortality, liver-related mortality, 
cardio-cerebrovascular disease (CVD), and chronic kidney disease (CKD), in individuals with MASLD and 
those without steatotic liver disease. Inverse probability of treatment weighting (IPTW) was employed 
to adjust for confounders. Multivitamin users showed a significantly lower all-cause mortality risk in 
the MASLD cohort both before (HR: 0.88, 95% CI 0.81–0.95, P = 0.034) and after (HR: 0.94, 95% CI 
0.88–1.00, P = 0.037) IPTW adjustment. Multivitamin use was also associated with the lower risk of CVD 
(HR: 0.72, 95% CI 0.68–0.76, P < 0.001) and CKD (HR: 0.73, 95% CI 0.67–0.81, P < 0.001) in the MASLD 
cohort. No significant reduction was found for liver-related mortality or liver cirrhosis incidence. These 
findings suggest that multivitamins might provide broader protective effects in populations with 
metabolic dysfunction. Further research is needed to clarify their role in liver-specific outcomes.
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Abbreviations
CI	� Confidence interval
CKD	� Chronic kidney disease
CMRF	� Cardiometabolic risk factor
CVD	� Cardio-cerebrovascular disease
HCC	� Hepatocellular carcinoma
HR	� Hazard ratio
IPTW	� Inverse probability of treatment weighting
MASLD	� Metabolic dysfunction-associated steatotic liver disease
SLD	� Steatotic liver disease
SMD	� Standardized mean difference

Metabolic dysfunction-associated steatotic liver disease (MASLD) is an emerging liver disorder that includes 
a spectrum of liver pathologies, ranging from hepatic steatosis to steatohepatitis, fibrosis, cirrhosis and 
hepatocellular carcinoma (HCC)1. As the global prevalence of obesity and type 2 diabetes are rising, the burden 
of MASLD would also be increased, which became the leading cause of liver-related morbidity worldwide2. 
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The pathogenesis of MASLD is multifactorial, involving insulin resistance, lipid metabolism dysregulation, 
oxidative stress, and chronic inflammation3​. Despite advances in the pathogenesis of the MASLD, effective 
therapeutic interventions are limited in the present era, emphasizing the requirement for novel approaches to 
both prevention and management.

Among the various lifestyle interventions considered for MASLD, dietary supplements have been focused 
recently. Among the supplements, multivitamins are widely used across the world, with studies indicating that 
nearly half of adults in developed countries consume them regularly4. Their use is often motivated by the belief that 
they could help prevent chronic diseases and promote longevity5. Despite their widespread utilization, evidence 
supporting their efficacy in preventing chronic diseases, including cardiovascular disease, cancer, and metabolic 
disorders, remains inconclusive. For instance, large-scale randomized controlled trials and observational studies 
have not consistently shown a clear benefit of multivitamin use in reducing overall mortality or the incidence of 
major chronic diseases​6–8.

Despite widespread utilization of multivitamins, evidence supporting their efficacy in preventing chronic 
diseases, including cardiovascular disease, cancer, and metabolic disorders, remains inconclusive. Given 
these mixed results, it is important to investigate whether multivitamins might provide health benefits in 
specific contexts, such as liver health. Vitamins such as vitamin D, vitamin E, and other antioxidants found in 
multivitamin formulations have been shown to modulate oxidative stress and inflammation, both of which are 
critical mechanisms in the progression of MASLD9. However, it remains unclear whether multivitamins as a 
whole could help attenuate the progression of MASLD or offer protection against liver-related complications.

The present study utilized the data from the UK Biobank, a large cohort, to examine the association between 
multivitamin use and the progression of MASLD. Our study specifically investigated the effects of multivitamin 
use on key outcomes, including all-cause mortality, liver-related mortality, major vascular events, and chronic 
kidney disease (CKD) incidence, in individuals with MASLD. In addition, this study compared the effects of 
multivitamin use between individuals with MASLD and those without steatotic liver disease (No SLD), providing 
the broader insights of how multivitamin use might differentially impact these populations. By utilizing inverse 
probability of treatment weighting (IPTW) to account for potential confounding factors of the baseline health 
characteristics, we minimized bias and provided more estimates of the true effects of multivitamin use.

Methods
Study design and data source
This study utilized data from the UK Biobank, a large-scale biomedical database containing health information 
on approximately 500,000 participants across the UK. Specifically, this study focused on participants categorized 
into three groups: the entire cohort, the No SLD cohort, and the MASLD cohort. The UK Biobank Application 
ID for this research is 117,214. Ethical approval was obtained from the North West Multi-Centre Research Ethics 
Committee, and all participants provided written informed consent. All methods were performed in accordance 
with the relevant guidelines and regulations.

Study population
Participants included in the study were diagnosed with MASLD based on the presence of hepatic steatosis, as 
determined by imaging or histology, and at least one cardiometabolic risk factor (CMRF). CMRFs included obesity 
(BMI ≥ 30 kg/m2 or ≥ 25 kg/m2 in Asians), type 2 diabetes, hypertension (blood pressure ≥ 130/85 mmHg or use 
of antihypertensive medication), dyslipidemia characterized by hypertriglyceridemia (triglycerides ≥ 150 mg/dL 
or lipid-lowering treatment), or low HDL cholesterol (men < 40 mg/dL, women < 50 mg/dL). Participants who 
exceeded the alcohol consumption thresholds were excluded to ensure compliance with the MASLD diagnostic 
criteria10. Individuals without clinical information were excluded, as well as those with significant alcohol 
consumption, or other chronic liver diseases to ensure specificity to MASLD. Specifically, individuals consuming 
more than 210 g of alcohol per week for men and 140 g per week for women were excluded, in accordance with 
the Delphi consensus statement on the definition of metabolic dysfunction and alcohol-associated liver disease10. 
This included participants with autoimmune hepatitis, chronic hepatitis B, chronic hepatitis C, primary biliary 
cirrhosis, cryptogenic steatotic liver disease, and alcohol-related liver diseases, including those with metabolic 
dysfunction and alcohol-associated liver disease and those with solely alcohol-associated liver disease. After 
these exclusions, the final study cohort consisted of 402,476 participants (Supplementary Fig. 1). Participants 
were categorized based on multivitamin use, identified through self-reported data from the “Vitamin and/or 
mineral supplement use” (Data-Field: 20084) and prescription records from the “Treatment/medication code” 
(Data-Field: 20003) during the observation period, ensuring the enrollment of participants with consistent 
multivitamin use throughout the study.

Primary and secondary outcomes
The primary outcomes were all-cause mortality and liver-related mortality. All-cause mortality was defined as 
the time from MASLD diagnosis to death from any cause, while liver-related mortality was defined as death from 
liver-specific causes, including cirrhosis or HCC. Secondary outcomes included the incidence of liver cirrhosis, 
cardio-cerebrovascular disease (CVD), and CKD. These events were tracked throughout the follow-up period 
and compared between multivitamin users and non-users across the study’s cohorts (No SLD and MASLD). 
Diagnoses were based on the date of the first recorded ICD-10 code during the observation period.

Statistical analysis
Baseline characteristics of the study population were summarized using means and standard deviations for 
continuous variables and frequencies and percentages for categorical variables. Covariate balance between 
multivitamin users and non-users, as well as between smoking status groups, was assessed using standardized 
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mean differences (SMDs). Kaplan-Meier survival curves were generated to visualize overall survival and liver-
related survival between multivitamin users and non-users. Differences in the survival curves were tested 
using the log-rank test. Cox proportional hazards models were applied to estimate hazard ratios (HRs) and 
95% confidence intervals (CIs) for the associations between multivitamin use and both primary and secondary 
outcomes, adjusting for relevant covariates.

The incidence rates of liver cirrhosis, CVD, and CKD were calculated and compared between groups. Cox 
proportional hazards models were also applied to assess the risks of these outcomes, adjusting for baseline 
covariates. A P value less than 0.05 was considered statistically significant for all tests. To account for potential 
confounders and balance baseline characteristics between multivitamin users and non-users, IPTW was 
utilized. Propensity scores were calculated using logistic regression models that included variables such as age, 
sex, body mass index, diabetes status, hypertension, dyslipidemia, and physical activity levels. Participants were 
then weighted by the inverse of their propensity score to create a weighted cohort with balanced covariates, 
minimizing selection bias and simulating a randomized controlled trial. To minimize the influence of extreme 
weights, we applied truncation at the 1st and 99th percentiles of the stabilized weight distribution and ensured 
a more stable estimation while maintaining covariate balance. The SMD was used to ensure that baseline 
characteristics were balanced after IPTW, and the effect of IPTW was visually evaluated using love plots. Most of 
the statistical analyses were conducted using R (version 4.2.3; R Foundation for Statistical Computing, Vienna, 
Austria) as the primary software tool.

Results
Baseline characteristics of the population
Baseline characteristics of multivitamin users and non-users were compared across the entire cohort, No SLD, 
and MASLD groups. In the entire cohort, 3.3% of participants were multivitamin users, while 96.7% were non-
users. This distribution was similar across subgroups, with 3.7% of participants in the No SLD group and 3.1% 
in the MASLD group reporting multivitamin use (Supplementary Table 1, Supplementary Fig.  2). Notable 
differences were observed in key variables such as body mass index, with a mean of 27.3 kg/m2 in multivitamin 
users and 26.8  kg/m2 in non-users. Additionally, the prevalence of type 2 diabetes was higher in non-users 
(10.5%) compared to multivitamin users (8.0%). After applying IPTW adjustment, these differences were 
effectively minimized, with SMDs for all covariates significantly reduced, indicating a good balance between the 
groups (Supplementary Table 2, Supplementary Fig. 3).

In the MASLD cohort, significant differences between multivitamin users and non-users were observed 
in variables such as age (mean age 57.0 vs. 56.9 years, respectively), waist circumference (mean 97.4  cm vs. 
95.9 cm), and physical activity levels before the IPTW adjustment. After IPTW, the SMDs for these variables 
were reduced, with age having an SMD of 0.005 and waist circumference showing an SMD of 0.04, indicating 
that the IPTW method effectively balanced these covariates between the groups (Table 1, Supplementary Fig. 3). 
In summary, IPTW adjustment successfully balanced the baseline characteristics between multivitamin users 
and non-users, as evidenced by the significant reduction in SMDs across all cohorts.

Survival and incidence of liver cirrhosis in various cohort with or without liver disease
The comparison of all-cause mortality between multivitamin users and non-users was evaluated in the entire 
cohort, No SLD, and MASLD groups, both before and after IPTW adjustment. In the entire cohort, multivitamin 
users had a significantly lower all-cause mortality compared to non-users before IPTW (HR: 0.94, 95% CI 0.89–
1.00, P = 0.040) (Table 2, Supplementary Fig. 4A). However, after IPTW adjustment, the difference in all-cause 
mortality between the two groups was no longer statistically significant in the multivariate analysis (HR: 0.96, 
95% CI 0.90–1.02, P = 0.203) (Table 2, Supplementary Fig. 4B). In the No SLD cohort, there was no significant 
difference of all-cause mortality between multivitamin users and non-users before IPTW adjustment (HR: 0.91, 
95% CI 0.82–1.02, P = 0.103) and this trend remained after IPTW adjustment (HR: 0.93, 95% CI 0.84–1.04, 
P = 0.158), in univariate analysis (Table 2; Fig. 1A and B).

In contrast, the MASLD cohort showed a different pattern. Before IPTW adjustment, multivitamin users had 
significantly lower all-cause mortality compared to non-users in multivariate analysis (HR: 0.88, 95% CI 0.81–
0.95, P = 0.034) (Table 2; Fig. 1C). After IPTW adjustment, multivitamin users also showed a significantly lower 
mortality risk (HR: 0.94, 95% CI 0.88–1.00, P = 0.037) in the multivariate analysis (Table 2; Fig. 1D). In addition, 
multivitamin users had no significance in lowering risk of liver-related mortality and liver cirrhosis incidence 
compared to non-users in the entire, No SLD, and MASLD cohort, both before and after IPTW adjustment 
(Supplementary Tables 3 and Supplementary Fig. 4C and 4D). Overall, multivitamin use was associated with a 
significantly lower all-cause mortality in both the entire cohort and the MASLD group before IPTW adjustment. 
However, after IPTW adjustment, the association remained significant only in the MASLD group, with no 
significant effect on liver-related mortality or liver cirrhosis incidence.

Major vascular events with or without MASLD between multivitamin users and non-users
Next, we aimed to explore the effect of multivitamin on CVD, with the evidence of favorable effect of low dose 
multivitamin on nonfatal myocardial infarction11. The incidence and risk of CVD, including both cardiovascular 
and cerebrovascular events, were evaluated across the entire cohort, as well as in the No SLD and MASLD 
groups, based on multivitamin use. In the entire cohort, multivitamin users had a significantly lower risk of 
CVD compared to non-users (HR: 0.74, 95% CI 0.71–0.78, P < 0.001) (Table 3; Fig. 2A, Supplementary Fig. 5A). 
For cardiovascular events, multivitamin users also had a lower risk of events compared to non-users (HR: 0.75, 
95% CI 0.71–0.79, P < 0.001) (Supplementary Table 4, Supplementary Fig. 5B and 6). In addition, multivitamin 
users showed a significantly lower risk for cerebrovascular disease (HR: 0.81, 95% CI 0.75–0.88, P < 0.001) 
(Supplementary Table 5, Supplementary Fig. 5C and 7).
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In the No SLD cohort, multivitamin users had a significantly lower risk of CVD (HR: 0.89, 95% CI 0.82–
0.97, P = 0.008) (Table  3; Fig.  2A, Supplementary Fig.  6A and 7). While there was a significantly lower risk 
of cardiovascular disease with multivitamin use (HR: 0.90, 95% CI 0.81–0.99, P = 0.035), the significance 

Cohort

Overall survival (Before IPTW) Overall survival (After IPTW)

Univariate Multivariate Univariate Multivariate

HR (CI 95%) P value HR (CI 95%) P value HR (CI 95%) P value HR (CI 95%) P value

Entire cohort 0.85 (0.80, 0.91) < 0.001 0.94 (0.89, 1.00) 0.040 0.94 (0.88, 1.00) 0.050 0.96 (0.90, 1.02) 0.203

No SLD 0.91 (0.82, 1.02) 0.103 - - 0.93 (0.84, 1.04) 0.158 - -

MASLD 0.86 (0.79, 0.93) < 0.001 0.88 (0.81, 0.95) 0.034 0.93 (0.87, 1.00) 0.038 0.94 (0.88, 1.00) 0.039

Table 2.  Effect of multivitamin on overall survival before and after IPTW. IPTW, inverse probability of 
treatment weighting; HR, hazard ratio; CI, confidence interval; SLD, steatotic liver disease; MASLD, metabolic 
dysfunction-associated steatotic liver disease.

 

Clinical characteristics
(No SLD)

Before IPTW After IPTW

Multivitamin

SMD

Multivitamin

SMD
Non-user,
N = 159,695

User,
N = 6,123

Non-user,
N = 146,341

User,
N = 5,830

Sex (Male) 36,747 (23.0%) 1,167 (19.1%) 0.097 34,687 (22.9%) 1,329 
(22.8%) < 0.001

Age at recruitment 55.1 ± 8.3 55.4 ± 8.1 0.038 55.1 ± 8.2 55.1 ± 8.2 0.001

Physical activity 0.007 0.001

 More than 4 times 132,628 (83.1%) 5,101 (83.3%) 126,012 (83.1%) 4,830 
(83.0%)

 Under 4 times 27,067 (16.9%) 1,022 (16.7%) 25,699 (16.9%) 987 (17.0%)

Body mass index (kg/m2) 23.5 ± 2.4 23.5 ± 2.3 0.021 23.5 ± 2.4 23.5 ± 2.3 0.002

Waist circumference (cm) 77.6 ± 7.1 77.0 ± 7.0 0.089 77.6 ± 7.1 77.6 ± 7.1 0.002

Type 2 diabetes 4,683 (2.9%) 147 (2.4%) 0.033 4,419 (2.9%) 172 (3.0%) 0.002

Dyslipidemia 24,770 (15.5%) 964 (15.7%) 0.006 23,543 (15.5%) 898 (15.4%) 0.002

Hypertension 39,622 (24.8%) 1,438 (23.5%) 0.031 37,565 (24.8%) 1,439 
(24.7%) < 0.001

ALT (U/L) 17 ± 8 18 ± 8 0.109 17 ± 8 18 ± 7 0.045

GGT (U/L) 22 ± 13 22 ± 12 0.020 22 ± 13 22 ± 12 0.012

Platelet (109/L) 254 ± 58 256 ± 59 0.028 254 ± 58 254 ± 58 0.001

Albumin (g/L) 4.5 ± 0.3 4.5 ± 0.3 0.003 4.5 ± 0.3 4.5 ± 0.23 0.004

Clinical characteristics
(MASLD)

Multivitamin

SMD

Multivitamin

SMD
Non-user,
N = 229,385

User,
N = 7,273

Non-user,
N = 217,916

User,
N = 5,817

Sex (Male) 126,067 (55.0%) 3,506 (48.2%) 0.135 34,687 (22.9%) 1,329 (22.8%) 0.001

Age at recruitment 57.0 ± 8.0 56.9 ± 7.9 0.019 55.1 ± 8.2 55.1 ± 8.2 0.005

Physical activity 0.013 0.001

 More than 4 times 177,660 (77.5%) 5,671 (78.0%) 126,012 (83.1%) 4,830 (83.0%)

 Under 4 times 51,725 (22.5%) 1,602 (22.0%) 25,699 (16.9%) 987 (17.0%)

Body mass index (kg/m2) 29.9 ± 4.5 29.6 ± 4.4 0.070 23.5 ± 2.4 23.5 ± 2.3 0.006

Waist circumference (cm) 97.4 ± 10.9 95.9 ± 10.6 0.147 77.6 ± 7.1 77.6 ± 7.1 0.004

Type 2 diabetes 36,012 (15.7%) 923 (12.7%) 0.086 4,419 (2.9%) 172 (3.0%) 0.004

Dyslipidemia 81,919 (35.7%) 2,375 (32.7%) 0.064 23,543 (15.5%) 898 (15.4%) 0.001

Hypertension 116,172 (50.6%) 3,326 (45.7%) 0.098 37,565 (24.8%) 1,439 (24.7%) 0.003

ALT (U/L) 26 ± 15 27 ± 14 0.016 17 ± 8 18 ± 7 0.017

GGT (U/L) 43 ± 42 43 ± 46 < 0.001 22 ± 13 22 ± 12 0.006

Platelet (109/L) 254 ± 60 258 ± 59 0.060 254 ± 58 254 ± 58 0.004

Albumin (g/L) 4.5 ± 0.3 4.5 ± 0.3 0.012 4.5 ± 0.3 4.5 ± 0.3 0.003

Table 1.  Baseline characteristics of the participants. Data are described as mean ± standard deviation or n (%). 
IPTW, inverse probability of treatment weighting; SLD, steatotic liver disease; MASLD, metabolic dysfunction-
associated steatotic liver disease; AST, aspartate transaminase; GGT, gamma-glutamyl transferase; SMD, 
standardized mean difference.
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diminished for the cerebrovascular disease (HR: 1.04, 95% CI 0.92–1.19, P = 0.523) (Supplementary Tables 4 
and 5, Fig. 3A and B, Supplementary Fig. 7). In the MASLD cohort, multivitamin users exhibited a significantly 
lower risk of CVD (HR: 0.72, 95% CI 0.68–0.76, P < 0.001) (Table 3; Fig. 2A, Supplementary Fig. 6B). There 
were also significant lower risks for both cardiovascular disease (HR: 0.74, 95% CI 0.70–0.79, P < 0.001) and 
cerebrovascular disease (HR: 0.74, 95% CI 0.66–0.82, P < 0.001) (Supplementary Tables 4 and 5, Fig. 3C and D, 
Supplementary Fig. 7). These data suggest that multivitamin use was linked to a significantly lower risk of CVD, 
including both cardiovascular and cerebrovascular events, in the entire cohort, No SLD, and MASLD groups, 
with the most substantial reductions observed in the MASLD cohort.

Effect of multivitamin on CKD incidence with or without MASLD
Research indicates that patients with CKD are highly likely to experience vitamin deficiencies, making 
supplementation an important consideration in their treatment plan12. The incidence and risk of CKD were 
assessed in the entire cohort, No SLD, and MASLD groups, comparing the multivitamin users and non-users. In 
the entire cohort, multivitamin users had a significantly lower incidence of CKD compared to non-users (HR: 

Fig. 1.  Kaplan-Meier curves comparing all-cause mortality between multivitamin users and non-users in 
No SLD and MASLD cohorts. (A) No SLD cohort before IPTW. (B) No SLD cohort after IPTW. (C) MASLD 
cohort before IPTW. (D) MASLD cohort after IPTW. OS, overall survival, IPTW, inverse probability of 
treatment weighting; SLD, steatotic liver disease; MASLD, metabolic dysfunction-associated steatotic liver 
disease.
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0.73, 95% CI 0.68–0.79, P < 0.001) (Table 4; Fig. 2B, Supplementary Fig. 5D). In the No SLD cohort, multivitamin 
users also exhibited a lower incidence of CKD compared to non-users (HR: 0.83, 95% CI 0.72–0.97, P = 0.020) 
(Table 4; Fig. 2B, Supplementary Fig. 6C). In the MASLD cohort, there was a similar potential benefit, with 
multivitamin users having a significantly lower risk of CKD (HR: 0.73, 95% CI 0.67–0.81, P < 0.001) (Table 4; 
Fig. 2B, Supplementary Fig. 6D). These results consistently show that multivitamin use is associated with a lower 
risk of CKD across all cohorts, with the strongest association observed in the MASLD group.

Discussion
This study evaluated the effect of multivitamin use on various health outcomes, including all-cause mortality, 
liver-related mortality, major vascular events, and CKD in individuals with MASLD and those without steatotic 
liver disease (No SLD). Using data from the UK Biobank, we found that multivitamin users experienced 
significantly lower risks of CVD and CKD, with the most prominent protective link observed in individuals 
with MASLD. These findings contributed to providing evidences suggesting that certain dietary supplements, 
particularly multivitamins, might have beneficial effects on health, especially in populations with underlying 
metabolic disorders such as MASLD.

One of the key findings from the present study is the significant reduction in all-cause mortality observed 
in multivitamin users within the MASLD cohort. Although the overall cohort showed a trend toward reduced 
mortality among multivitamin users, the effect was more prominent in individuals with MASLD. These data 
suggest that multivitamins might exert more substantial protective effects in populations with metabolic 
dysfunction. MASLD is characterized by an increased burden of oxidative stress, inflammation, and insulin 
resistance, all of which contribute to disease progression13–15. Multivitamins, particularly those containing 

Fig. 2.  Forest plot of the HRs and CIs for cardio-cerebrovascular disease and chronic kidney disease in each 
cohort. (A) Risk of cardio-cerebrovascular disease (B) Risk of chronic kidney disease. SLD, steatotic liver 
disease; MASLD, metabolic dysfunction-associated steatotic liver disease; HR, hazard ratio.

 

Multivitamin Number of patients Number of events
Number of events /
100 patient-years HR (95% CI) P value

Entire cohort

 Non-user 389,080 63,589 1.202 Reference

 User 13,396 1,735 0.920 0.74 (0.71, 0.78) < 0.001

No SLD

 Non-user 159,695 15,288 0.674 Reference

 User 6,123 557 0.629 0.89 (0.82, 0.97) 0.008

MASLD

 Non-user 229,385 48,301 1.598 Reference

 User 7,273 1,178 1.176 0.72 (0.68, 0.76) < 0.001

Table 3.  Risk of cardio-cerebrovascular disease according to multivitamin use. HR, hazard ratio; CI, 
confidence interval; SLD, steatotic liver disease; MASLD, metabolic dysfunction-associated steatotic liver 
disease.
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antioxidants such as vitamins D and E, may interrupt these pathogenic mechanisms, thereby reducing mortality 
risk16–18.

Previous studies have reported controversial results on the association between multivitamin use and 
mortality in the general population. For instance, large cohort studies such as the Physicians’ Health Study 
II and the Women’s Health Initiative found no clear benefit of multivitamin use on cardiovascular events and 
malignancies19,20. Nevertheless, our study suggests that individuals with MASLD might represent a distinct 
population in which multivitamins could be linked to lower risks. This result is consistent with previous research 
highlighting the role of antioxidants in reducing oxidative stress and inflammation, both of which are central to 
the pathogenesis of MASLD. In particular, Vitamin E has been shown to improve liver histology in patients with 
steatohepatitis, a more advanced form of MASLD, by reducing liver inflammation and oxidative damage21,22​.

Vitamin deficiencies, particularly of vitamins C, D, and E, are commonly observed in patients with type 
2 diabetes and cardiometabolic diseases, and are associated with increased oxidative stress, endothelial 
dysfunction, and chronic inflammation. These micronutrients play critical roles in modulating gene expression 
and signal transduction pathways that contribute to anti-inflammatory, antioxidant, and hypolipidemic 
effects23. In the context of MASLD, where metabolic dysfunction and systemic inflammation are prominent, 

Fig. 3.  Kaplan-Meier curves assessing cardiovascular and cerebrovascular events in No SLD and MASLD 
cohorts. (A) Cardiovascular events in the No SLD cohort. (B) Cerebrovascular events in the No SLD cohort. 
(C) Cardiovascular events in the MASLD cohort. (D) Cerebrovascular events in the MASLD cohort. SLD, 
steatotic liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease.
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multivitamin supplementation might provide targeted benefits by attenuating these pathogenic processes. Our 
study demonstrated that multivitamin use was associated with reduced risks of CVD and CKD, particularly in 
individuals with MASLD, suggesting that improvements in micronutrient status could translate into significant 
clinical outcomes.

Furthermore, vitamin D, another key component of multivitamin formulations, is known to play a crucial 
role in regulating immune function and modulating inflammation24,25. Vitamin D deficiency has been linked 
to worse outcomes in individuals with metabolic diseases, including MASLD, due to its role in reducing pro-
inflammatory cytokine production and enhancing insulin sensitivity26–28. Vitamin D deficiency has been 
strongly associated with the progression of CKD, and supplementation may help slow kidney function decline, 
particularly in individuals with MASLD who are at increased risk of renal complications due to metabolic 
dysfunction29. Additionally, the antioxidant properties of vitamins C and E may help reduce renal oxidative 
stress and inflammation, thereby preserving kidney function and reducing the incidence of CKD in high-
risk populations30. Therefore, the observed reduction in all-cause mortality in MASLD patients who use 
multivitamins may reflect the combined impact of these vitamins on reducing the systemic inflammatory and 
metabolic burden associated with MASLD. Collectively, vitamin D has established immunomodulatory and 
anti-inflammatory effects, which are particularly relevant in metabolic diseases such as MASLD and CKD.

Our findings also demonstrated a significant reduction in the risk of CVD in multivitamin users across 
all cohorts, with the greatest effect shown in the MASLD group. CVD, including both cardiovascular and 
cerebrovascular events, is a major complication in individuals with metabolic disorders like MASLD, where 
insulin resistance, dyslipidemia, and chronic inflammation contribute to increased vascular risk31,32. The 
protective effect of multivitamins including vitamin A, B, C, D, and E, on CVD may be attributed to several 
factors, including the antioxidant properties of vitamins, their ability to improve endothelial function, and their 
role in modulating blood pressure and lipid levels33–36.

In particular, vitamins such as C and E are potent antioxidants that can reduce oxidative stress, a major 
contributor to vascular dysfunction in metabolic diseases37. Oxidative stress damages endothelial cells, promotes 
atherosclerosis, and impairs vascular reactivity, all of which increase the risk of cardiovascular events38. By 
reducing oxidative damage, multivitamins might help preserve vascular integrity and reduce the incidence 
of both cardiovascular and cerebrovascular events. Although previous studies suggest that vitamins C and 
E may contribute to improved endothelial function and vascular health, the direct impact of multivitamin 
supplementation on CVD risk in MASLD remains speculative and requires further investigation37,38.

In addition to the observed reduction in CVD, our study found that multivitamin use was associated with a 
significantly lower incidence of CKD across all cohorts, particularly in the MASLD group. CKD is a common 
comorbidity in individuals with metabolic disorders, and the progression of both CKD and MASLD is driven by 
similar etiologies, including hypertension, type 2 diabetes, chronic inflammatory state and dyslipidemia39. The 
reduction in CKD risk among multivitamin users would reflect the role of specific vitamins, such as D and E, in 
modulating these pathogenic processes. Vitamin D deficiency has been strongly associated with the progression 
of CKD, and supplementation may help slow kidney function decline, particularly in individuals with MASLD 
who are at increased risk of renal complications due to metabolic dysfunction29. Additionally, the antioxidant 
properties of vitamins C and E may help reduce renal oxidative stress and inflammation, thereby preserving 
kidney function and reducing the incidence of CKD in high-risk populations30.

Although the observed effect sizes of multivitamin use on MASLD-related outcomes were modest (HRs 
ranging from 0.7 to 0.9), even small risk reductions could have significant clinical and public health implications. 
Given the increasing global burden of MASLD and its associated complications, interventions with even modest 
protective effects might be valuable. Multivitamins are widely used, and their potential health benefits extend 
beyond liver-related outcomes. Our findings contribute to the broader discussion on preventive strategies for 
metabolic and liver diseases. Future studies, particularly randomized controlled trials, are required to elucidate 
the role of multivitamin supplementation in individuals with MASLD.

The strengths of this study include the use of a large, well-characterized cohort from the UK Biobank, which 
provided robust data on participants’ health, lifestyle, and clinical outcomes. The application of IPTW to control 
for confounding factors also strengthens the validity of our findings, allowing for more accurate estimates of 

Multivitamin Number of patients Number of events
Number of events /
100 patient-years HR (95% CI) P value

Entire cohort

 Non-user 389,080 23,966 0.436 Reference

 User 13,396 613 0.315 0.73 (0.68, 0.79) < 0.001

No SLD

 Non-user 159,695 5,249 0.227 Reference

 User 6,123 169 0.187 0.83 (0.72, 0.97) 0.020

MASLD

 Non-user 229,385 18,717 0.587 Reference

 User 7,273 444 0.426 0.73 (0.67, 0.81) < 0.001

Table 4.  Risk of chronic kidney disease according to multivitamin use. HR, hazard ratio; CI, confidence 
interval; SLD, steatotic liver disease; MASLD, metabolic dysfunction-associated steatotic liver disease.
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the effects of multivitamin use. However, there are several limitations. First, multivitamin use was self-reported, 
which could introduce recall bias or inaccuracies regarding the frequency and duration of supplementation. 
Additionally, we could not specify formulations of multivitamins used by participants, which would differ 
in their composition and effects. Furthermore, the observational nature of the study means that we cannot 
infer causality, and residual confounding by unmeasured factors may still be present. In addition, despite the 
application of IPTW to balance measured confounders, residual confounding due to unmeasured health-related 
behaviors, such as diet quality, physical activity, and healthcare utilization, might still influence the observed 
associations, representing a potential healthy user bias. Moreover, the reliance on self-reported multivitamin 
use at baseline does not capture long-term adherence, as the UK Biobank lacks longitudinal data on supplement 
consumption. Notably, although the UK Biobank recruited participants from the general population, the 
voluntary nature of enrollment may have led to a cohort that is healthier and more health-conscious than the 
broader population, potentially introducing selection bias. Lastly, the UK Biobank cohort is predominantly of 
European ancestry, limiting the generalizability of our findings to more diverse ethnicity.

Conclusions
In conclusion, this study provides evidence that multivitamin use is associated with reduced all-cause mortality, 
CVD, and CKD, particularly in individuals with MASLD. While multivitamins do not appear to be significantly 
associated with liver-related mortality or cirrhosis incidence, they offer broader potential benefit, especially in 
populations with metabolic dysfunction. These findings suggest that multivitamin supplementation would be an 
alternative option in the prevention and management of chronic diseases in high-risk individuals.

Data availability
The data used in this study were obtained from the UK Biobank under application number 117214. Due to data 
sharing restrictions, the raw data cannot be made publicly available. However, researchers could apply for access 
to the UK Biobank dataset by following the procedures outlined on the UK Biobank website. The datasets used 
and/or analyzed during the current study are available from the corresponding author on reasonable request.
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