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Aims: To assess the associations of vitamin and/or nutritional supplements

(VNS) with falls among patients with diabetes.

Methods: 9,141 and 21,489 middle-aged participants with diabetes from

Action to Control Cardiovascular Risk in Diabetes (ACCORD) trial and UK

Biobank were included. Use of VNS was collected at baseline, and fall

events were recorded using annual questionnaires in ACCORD and electric

records in UK Biobank during follow-up. The associations of VNS use with

fall risk were analyzed using logistic regression models in ACCORD and Fine-

Gray sub-distribution hazard models in UK Biobank. The role of specific

supplements was also estimated in UK Biobank, adjusting for confounding

factors and multiple comparisons.

Results: 45.9% (4,193/9,141, 5.5 median follow-up years) patients in ACCORD

and 10.5% (2,251/21,489, 11.9 median follow-up years) in UK Biobank

experienced fall and in-patient events during follow-up, respectively. In

ACCORD, VNS using was associated with an increased risk of fall (full-adjusted

odds ratio [OR]: 1.26, P < 0.05). In UK Biobank, despite no significant

association between VNSoverall and in-patient fall, vitamin B, calcium, and iron

using increased the risk of falls significantly (full-adjusted hazard ratio range:

1.31–1.37, P < 0.05).

Conclusions: Use of specific VNS increased the risk of fall among patients with

diabetes. The non-indicative use of nutritional supplements for patients with

diabetes might be inadvisable.
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1. Introduction

Fall is a primary burden to older people (1). According to

the Global Burden of Diseases Study 2019, falls caused over 0.6

million deaths of all ages globally and were recognized as one

of the top-ten-ranking causes of disability-adjusted life-years for

older people aged≥75 years old (2). And fall is tightly associated

with poor health outcomes and adverse social effects (3). Nearly

70% of community-dwelling, older adults suffered from physical

injuries from a fall, and over one-third reported impaired

function after falls (4, 5). Additionally, the worldwide prevalence

of diabetes was estimated to be 9.3% in 2019 (6). The prevalent

chronic disease increases the risk of falling epidemiologically.

According to a meta-analysis by Yang et al. (7), older patients

with diabetes had a profoundly increased incidence of falls

than diabetes-free people, and a similar tendency was observed

among young patients with well-treated type 2 diabetes from the

Maastricht Study (8).

The supplementation of vitamin D and calcium has been

suggested in multifactorial strategies to prevent injurious falls

(9). The preventive role of vitamin supplements, especially

vitamin D, in falls has been studied in plenty of randomized,

controlled trials (RCTs); however, the conclusions were

conflicted. Although in a meta-analysis based on 5 RCTs, Heike

et al. (10) found that vitamin D reduced the risk of fall among

older people, independent of calcium supplementation, Mark

et al. (11) suggested that vitamin D, when were applied as mono-

supplement, exhibited no significant effect on falls, hip fractures,

and total fractures, irrespective of the doses used. Another

recent meta-analysis involving 47 RCTs showed that vitamin D

supplementation prevented falls significantly when applied in

combination with calcium (12). However, the result that high-

dose vitamin D supplementation was associated with a higher

risk of falls and fractures was observed (13, 14). Additionally, no

other types of vitamin/mineral supplements have been reported

to have significant effects on physical function and the risk of

fall (15–18). Up till now, most studies about the role of vitamin

supplements in falls are RCTs that concentrated on the potential

effects of vitamin and/or nutrition treatment in specific types

and doses. The settings of these intervention studies are different

from the “real world” in which the use of multiple or multi-

vitamin/mineral products are common (19). Although routine

vitamin supplement is not recommended by current guidelines

for patients with diabetes (20, 21), we noticed that nearly 33%

of participants in the Action to Control Cardiovascular Risk

in Diabetes (ACCORD) trial used vitamin and/or nutritional

supplements (VNS) at baseline, and the proportion was 47.0%

among participants with diabetes in UK Biobank. These data

provide an opportunity to evaluate the potential association

between VNS and the risk of fall in patients with diabetes, which

has not been addressed in any clinical trials.

Therefore, we performed a post-hoc analysis utilizing data

from ACCORD trial to assess the association between VNS and

fall incidence among patients with type 2 diabetes, verified their

associations and specified the role of individual supplements in

UK Biobank.

2. Materials and methods

2.1. Study design and population

Both ACCORD and UK Biobank have been described

previously (22, 23). ACCORD trial is a multicenter RCT with

a double factorial design that enrolled 10,251 participants

aged 40–79 years with type 2 diabetes at a high risk for

cardiovascular diseases (CVD) events from 77 clinical sites in

the U.S. and Canada. Among 9,620 participants of ACCORD,

9,141 participants with available information in VNS, fall

records, and covariates were enrolled in our primary analyses.

UK Biobank is a large population-based, prospective cohort

study, recruiting over 0.5 million participants aged between

40 and 69 years old from 2006 to 2010 across the U.K. We

involved patients with diabetes at baseline (n = 27,736) and

excluded those with hospital inpatient history of fall (n =

810) or missing information in the exposure, outcome, or

covariates used (n= 5,437), leaving 21,489 participants involved

in the second-step analyses. In UK Biobank, the status of

diabetes at baseline was derived in aggregation of self-reported

medical history, insulin use, and inpatient diagnoses recorded

by International Classification of Diseases, 9th revision [ICD-

9] and ICD-10 (details in Supplementary Table S1). Analyses

based on ACCORD has been approved by the National Heart,

Lung, and Blood Institute and the institutional review board of

Xiangya Hospital, Central South University. UK Biobank has

been approved by the National Health Service (NHS) National

Research Ethics Service (approval letter dated 17th June 2011,

Ref 11/NW/0382), and this study has been conducted using the

UK Biobank resource under the project number 76118. Written

informed consents have been provided by the participants in

both databases.

2.2. Ascertainment of exposures and
outcomes

In ACCORD, information on VNS use and fall outcomes

were collected from annual questionnaires since 2001, in which

participants were asked whether they used VNS or not and

the occurrences of any falls in the previous 12 months. In

the questionnaires, “Vitamins and/or nutritional supplements”

was provided as an option in “Miscellaneous Non-prescribed

Therapies,” and fall was defined as “fallen or landed on the floor

or ground, or fallen and hit an object like a table or stair.”

Participants were classified according to whether they received
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VNS or not (non-VNS) at baseline. And the occurrences of any

falls reported during follow-up were recorded as the outcome.

In UK Biobank, information in VNS use was derived from

touchscreen questionnaires finished at recruitment. For vitamin,

mineral, and other supplements, participants were asked, “Do

you regularly take any of the following? (You can select more

than one answer),” with specific supplements including vitamin

A, vitamin B, vitamin C, vitamin D, vitamin E, folate (Vit

B9), fish oil, glucosamine, calcium, zinc, iron, selenium, and

multivitamins ± minerals listed as options. Participants who

selected ≥1 supplements were defined with VNS use. Regular

use of specific supplements was also recorded according to

corresponding options selected. The first occurrence and date

of inpatient fall was derived from electric health-related records

coded by ICD-9 (E880-E888) and ICD-10 (W00-W19).

2.3. Ascertainment of covariates

In ACCORD and UK Biobank, baseline information

in demographic factors, lifestyles, and medical history was

collected from standardized questionnaires, and anthropometric

and biochemical parameters were also measured (details

in Supplementary Table S2). In ACCORD, blood pressure,

Michigan Neuropathy Screening Instrument (MNSI) score,

and Health Utilities Index Mark3 (HUI3) score (an aggregate

score of vision, hearing, speech, ambulation, dexterity, emotion,

cognition, and pain) were measured by trained technicians. And

type 2 diabetes was defined according to the 1997 American

Diabetes Association criteria (22). Townsend Deprivation Index

was calculated in UK Biobank and reflected the levels of

deprivation (24). Body mass index (BMI, kg/m2) was calculated

as the body weight (kg) divided by the square of height (m2).

Diet was assessed by a healthy diet score (1 [more advisable]; 0

[less advisable]) adopted from the American Heart Association

Guidelines (Supplementary Table S2) (25). For the assessment of

frailty status, we used five frailty phenotype items defined by

Fried et al. (26, 27): (1) Weight loss; (2) Exhaustion; (3) Physical

activity; (4) Walking speed; and (5) Grip strength. The history

of other cardiometabolic diseases, osteoporosis, and diabetic

complications related to falls at baseline was also ascertained

according to self-reported medical history and electrical health

records (seen in Supplementary Table S1). In touchscreen

questionnaires completed at recruitment, participants were

asked, “In the last year have you had any falls?,” and people who

answered “Only one fall” or “More than one fall” were thought

to have recent fall history.

2.4. Statistical analysis

For both ACCORD and UK Biobank, we classified

participants according to the use of VNS at baseline,

and described the distribution of population characteristics

respectively. Continuous variables with normal and abnormal

distribution were expressed as mean (standard deviation [SD])

and median (interquartile range [IQR]), respectively, and

categorical variables were expressed as number (percentage,

%). Unpaired Student t-tests, Kruskal tests, and Chi-square

tests were applied conditionally to compare the features of

participants between the two groups.

In ACCORD trial, the association between VNS and fall

outcome was assessed by logistic regression models, since the

affirmatory timepoints of outcome were not available. 3 settings

of models were fitted: model 1 was adjusted for age, sex, and race,

model 2 was additionally adjusted for education, smoking status,

and alcohol consumption, and model 3 was further adjusted for

BMI, systolic, and diastolic blood pressure, MNSI score, HUI3

score, diabetes duration, level of hemoglobin A1c (HbA1c),

history of foot ulcer requiring antibiotics, CVD, heart failure

risk, and randomization arms.

Then we verified the association between VNS use and

in-patient falls among patients with diabetes in UK Biobank,

utilizing Fine-Gray sub-distribution hazard models, which

accounted for the competing risk of death. The role of

specific supplements including vitamins, mineral, and dietary

supplements in the occurrences of in-patient fall was also studied

in competing risk models, respectively. The models were fitted

with 3 settings: model 1 (adjusted for age, sex, and race);

model 2 (additionally adjusted for TownsendDeprivation Index,

smoking status, alcohol consumption, diet, sleep duration, and

five frailty phenotypes); model 3 (further adjusted for BMI,

level of HbA1c, history of other cardiometabolic diseases,

osteoporosis, and diabetic complications, and recent falls). To

offset the imbalance in distribution of population characteristics

in both databases, we calculated propensity scores for the use

of VNS using logistic regression, matched the two groups

using the nearest neighbor matching method (ratio 1:1), and

reperformed the analyses in ACCORD and UK Biobank. In

addition, we performed several sensitivity analyses to test

the robustness of our results. Firstly, to reduce the potential

effects of reverse causality, we excluded participants with self-

reported ≥2 falls in the previous year at baseline, since they

were at a higher risk of fall constitutionally. Secondly, we

substituted the five frailty items with an aggregated variable

frailty status. Patients who met no criteria were defined

as non-frail, 1 or 2 criteria as pre-frail, and ≥3 criteria

as frail. Thirdly, missing information in covariates involved

was imputed with multiple imputation by chained equations.

Fourthly, we excluded patients with diabetic complications at

recruitment. Fifthly, we excluded patients who experienced

inpatient fall during the first year of follow-up to account for

reverse causality.

All analyses were conducted using R software, version 4.1.0.

All P-values in our analyses were two-sided, and Benjamini

and Hochberg (BH) method was used in analyses based on UK
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TABLE 1 Baseline characteristics of participants in ACCORD and UK Biobank.

Variable Total sample Non-VNS VNS P

ACCORD

Participants 9,141 6,053 (66.2) 3,088 (33.8) –

Male, No. (%) 5,615 (61.4) 3,826 (63.2) 1,789 (57.9) <0.001

Age, mean (SD), year 62.66 (6.60) 62.40 (6.64) 63.17 (6.51) <0.001

White, No. (%) 5,744 (62.8) 3,524 (58.2) 2,220 (71.9) <0.001

Education, No. (%) <0.001

Less than high school graduate 1,296 (14.2) 997 (16.5) 299 (9.7)

High school grad (or GED) 2,408 (26.3) 1,650 (27.3) 758 (24.5)

Some college or technical school 3,006 (32.9) 1,907 (31.5) 1,099 (35.6)

College graduate or more 2,431 (26.6) 1,499 (24.8) 932 (30.2)

Current smoker, No. (%) 1,082 (11.8) 795 (13.1) 287 (9.3) <0.001

Alcohol consumption >2 times/week, No. (%) 1,023 (11.2) 693 (11.4) 330 (10.7) 0.272

MNSI score, median [IQR] 2.00 [0.50, 3.00] 2.00 [0.00, 3.00] 2.00 [1.00, 3.50] <0.001

HUI3 score, median [IQR] 0.79 [0.59, 0.92] 0.79 [0.59, 0.92] 0.79 [0.58, 0.92] 0.981

BMI, mean (SD), kg/m2 32.20 (5.39) 32.02 (5.39) 32.54 (5.39) <0.001

HbA1c, mean (SD), mmol/mola 67.01 (11.41) 67.66 (11.83) 65.74 (10.40) <0.001

SBP, mean (SD), mmHg 136.17 (17.03) 136.85 (17.02) 134.84 (16.96) <0.001

DBP, mean (SD), mmHg 74.92 (10.57) 75.39 (10.61) 73.98 (10.43) <0.001

Duration of diabetes, mean (SD), year 10.68 (7.50) 10.61 (7.55) 10.82 (7.40) 0.213

History of diseases, No. (%)

CVD 3,134 (34.3) 2,109 (34.8) 1,025 (33.2) 0.122

Heart failure 407 (4.5) 271 (4.5) 136 (4.4) 0.915

Foot ulcer 305 (3.3) 184 (3.0) 121 (3.9) 0.032

Intervention arms, No. (%)

Standard glycemia/intensive BP 1,074 (11.7) 719 (11.9) 355 (11.5) 0.700

Standard glycemia/standard BP 1,052 (11.5) 674 (11.1) 378 (12.2)

Intensive glycemia/intensive BP 1,046 (11.4) 689 (11.4) 357 (11.6)

Intensive glycemia/standard BP 1,081 (11.8) 728 (12.0) 353 (11.4)

Standard glycemia/lipid fibrate 1,249 (13.7) 830 (13.7) 419 (13.6)

Standard glycemia/lipid placebo 1,222 (13.4) 795 (13.1) 427 (13.8)

Intensive glycemia/lipid fibrate 1,200 (13.1) 809 (13.4) 391 (12.7)

Intensive glycemia/lipid placebo 1,217 (13.3) 809 (13.4) 408 (13.2)

UK Biobank

Participants 21,489 11,442 (53.2) 10,047 (46.8) –

Male, No. (%) 13,109 (61.0) 7,426 (64.9) 5,683 (56.6) <0.001

Age, median [IQR], year 61.7 [55.6, 65.8] 61.1 [54.6, 65.5] 62.2 [56.7, 66.2] <0.001

White, No. (%) 19,259 (89.6) 10,365 (90.6) 8,894 (88.5) <0.001

Townsend deprivation index, median [IQR] −1.4 [−3.3, 1.8] −1.4 [−3.2, 1.9] −1.5 [−3.3, 1.6] <0.001

Current smoker, No. (%) 2,258 (10.5) 1,340 (11.7) 918 (9.1) <0.001

(Continued)
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TABLE 1 (Continued)

Variable Total sample Non-VNS VNS P

Alcohol consumption >2 times/week, No. (%) 6,797 (31.6) 3,677 (32.1) 3,120 (31.1) 0.092

Healthy diet, No. (%) 11,883 (55.3) 5,838 (51.0) 6,045 (60.2) <0.001

Sleep duration, median [IQR], h/day 7.0 [6.0, 8.0] 7.0 [6.0, 8.0] 7.0 [6.0, 8.0] 0.517

Weight loss, No. (%) 5,949 (27.7) 3,129 (27.3) 2,820 (28.1) 0.244

None or light activity, No. (%) 3,633 (16.9) 2,102 (18.4) 1,531 (15.2) <0.001

Slow pace, No. (%) 4,770 (22.2) 2,514 (22.0) 2,256 (22.5) 0.405

Low grip score, No. (%) 7,658 (35.6) 3,966 (34.7) 3,692 (36.7) <0.001

Exhaustion, No. (%) 4,328 (20.1) 2,254 (19.7) 2,074 (20.6) 0.088

BMI, median [IQR], kg/m2 30.4 [27.1, 34.4] 30.6 [27.4, 34.6] 30.1 [26.9, 34.2] <0.001

HbA1c, median [IQR], mmol/mol 49.6 [42.5, 58.7] 50.0 [42.9, 59.6] 49.0 [42.0, 57.7] <0.001

Fall history, No. (%) 5,358 (24.9) 2,689 (23.5) 2,669 (26.6) <0.001

History of diseases, No. (%)

CHD 4,026 (18.7) 2,176 (19.0) 1,850 (18.4) 0.265

Hypertension 15,189 (70.7) 8,148 (71.2) 7,041 (70.1) 0.072

Stroke 1,127 (5.2) 603 (5.3) 524 (5.2) 0.882

Diabetic complications 1,399 (6.5) 726 (6.3) 673 (6.7) 0.308

Osteoporosis 135 (0.6) 55 (0.5) 80 (0.8) 0.005

Data were presented as mean (SD), median [IQR], or n (%) for continuous and categorical variables, respectively.
aOnly HbA1c values expressed in percentage were available in ACCORD trial, and the values were transformed to mmol/mol in correspondence with the units used in UK Biobank.

ACCORD, action to control cardiovascular risk in diabetes; BMI, body mass index; CHD, coronary heart disease; CVD, cardiovascular disease; DBP, diastolic blood pressure; GED, general

educational development; HbA1c, hemoglobin A1c; HUI3, health utilities index mark3; IQR, interquartile range; MNSI, Michigan neuropathy screening instrument; SBP, systolic blood

pressure; VNS, vitamin and/or nutritional supplements.

Biobank to account for multiple comparison. It was considered

statistically significant when P-values < 0.05.

3. Results

3.1. ACCORD

Of 9,141 enrolled patients, the mean (SD) age was 62.66

(6.60) years and 5,615 (61.4%) were male. Compared with those

who did not receive VNS, participants who used VNS were more

likely to be female, older, white race, and highly educated; more

likely to have higher BMI, lower HbA1c and blood pressure

levels (Table 1). A propensity matching was performed and

5,984 participants were identified, with 2,992 in each group

(Supplementary Table S3).

During the median 5.5 years of follow-up, 52.5%

(1,620/3,088) and 42.5% (2,573/6,053) patients with and

without VNS use occurred at least one fall, respectively.

According to the results in total participants (Table 2), using

VNS was related to an increased risk of fall among patients

with diabetes in model 1 (odds ratio [OR]: 1.32, 95% confidence

interval [CI] 1.21–1.45). The association was attenuated

but remained significant after multivariable adjustments in

model 2 and 3 (full-adjusted OR: 1.26, 95% CI 1.15–1.38).

After propensity-matching, VNS using was also significantly

associated with an increased risk of fall in patients with diabetes

before and after multivariable adjustments (full-adjusted OR:

1.23, 95% CI 1.11–1.37).

3.2. UK Biobank

Characteristics of the participants from UK Biobank are also

presented in Table 1. Of 21,489 participants, the median [IQR]

age was 61.7 [55.6, 65.8] years and 13,109 (61.0%) were male

(Table 1). At baseline, 10,047 (46.8%) patients regularly used

VNS, in which 6,071 habitually used vitamins (448 for vitamin

A, 1,020 for vitamin B, 1,616 for vitamin C, 738 for vitamin D,

587 for vitamin E, and 617 for folate) and 8,387 habitually used

mineral supplements. Compared with non-users, participants

who used VNS were more likely to be female, older, non-white

and less deprived. They were prone to have healthier lifestyles,

fatigue phenotypes, lower BMI, lower HbA1c levels, and fall

history. After propensity matching, 18,222 participants were

identified, with 9,111 in each group (Supplementary Table S3).
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Overall, there were 2,251 participants experienced at least

one inpatient fall during 11.9 median follow-up years. Table 3

shows the associations of overall VNS and specific supplements

with the risk of inpatient fall in 3 models, respectively.

The association between overall VNS and fall appeared not

significate (full-adjusted HR: 1.03, 95% CI 0.94–1.12). When

further analyzing the role of specific supplements, we observed

heterogenicity in their effects on the risk of fall. For instance,

after full adjustments, supplementation of total vitamin (HR:

1.10, 95% CI 1.01–1.21), vitamin B (HR: 1.36, 95% CI 1.14–

1.61), vitamin D (HR: 1.27, 95% CI 1.03–1.56), folate (HR:

1.23, 95% CI 1.00–1.53), calcium (HR: 1.37, 95% CI 1.17–

1.60), iron (HR: 1.33, 95% CI 1.10–1.60), and selenium (HR:

1.37, 95% CI 1.05–1.78) was associated with a higher risk of

inpatient fall, respectively (Table 3). After further adjustment for

multiple comparisons, the associations with fall risk remained

significant for vitamin B (adjusted P= 0.004), calcium (adjusted

P = 0.002), and iron (adjusted P = 0.015). No significant

effect was observed for other specific supplements including

vitamin A, vitamin C, vitamin D, vitamin E, folate, total mineral

supplement, fish oil, glucosamine, zine, and selenium (adjusted

P > 0.05). After propensity matching, the effects of vitamin B

(full-adjusted HR: 1.35, adjusted P = 0.009) and calcium (full-

adjusted HR: 1.36, adjusted P = 0.008) remained significant

(Supplementary Table S4).

In sensitivity analyses, similar tendency was observed for

the associations of overall VNS and specific supplements with

the risk of inpatient falls, after excluding the participants who

had a previous fall history, reported diabetic complications,

occurred fall events during the first year of follow-up, modifying

the assessment of frailty phenotype, or imputing the missing

information in covariates (Supplementary Table S5).

4. Discussion

In this study, we assessed the associations of VNS use

with the risk of fall among elderly patients with diabetes.

Based on data from the ACCORD trial, we observed that

VNS using was associated with an increased risk of fall events

among patients with diabetes, and further tested our findings

for specific supplements utilizing UK Biobank. We found

that supplementation of vitamin B, iron, and calcium was

independently associated with a higher risk of inpatient fall

among patients with diabetes.

Existing studies in the effects of nutritional supplementation

on falls mainly focused on vitamin D, generating mixed results.

For instance, Bolland et al. (11) enrolled 37 RCTs, performed a

trial sequential analysis, and found that vitamin D, when were

applied as mono-supplement, exhibited no significant effect

on falls, hip fractures, and total fractures, and the effects of

vitamin D were independent of the doses used, while a recent

meta-analysis indicated the protective role of vitamin D in
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TABLE 3 Associations of overall VNS and specific VNS with the risk of fall in UK Biobank.

Main
variable

No. of fall events (%) Model 1a Model 2b Model 3c

Used Non-used HR (95% CI) P
d HR (95% CI) P

d HR (95% CI) P
d

Overall VNS 1,092/10,047 (10.87) 1,159/11,442 (10.13) 1.00 (0.92, 1.09) 0.950 1.03 (0.95, 1.12) 0.554 1.03 (0.94, 1.12) 0.623

Vitamin 680/6,071 (11.20) 1,571/15,418 (10.19) 1.10 (1.00, 1.20) 0.073 1.12 (1.02, 1.22) 0.051 1.10 (1.01, 1.21) 0.095

Vitamin A 54/448 (12.05) 2,197/21,041 (10.44) 1.17 (0.90, 1.53) 0.327 1.16 (0.89, 1.52) 0.395 1.13 (0.86, 1.49) 0.518

Vitamin B 139/1,020 (13.63) 2,112/20,469 (10.32) 1.39 (1.17, 1.65) <0.001 1.39 (1.17, 1.65) 0.001 1.36 (1.14, 1.61) 0.004

Vitamin C 171/1,616 (10.58) 2,080/19,873 (10.47) 1.00 (0.85, 1.16) 0.950 1.04 (0.89, 1.22) 0.632 1.02 (0.87, 1.19) 0.820

Vitamin D 95/738 (12.87) 2,156/20,751 (10.39) 1.27 (1.03, 1.56) 0.006 1.29 (1.05, 1.58) 0.051 1.27 (1.03, 1.56) 0.069

Vitamin E 69/587 (11.75) 2,182/20,902 (10.44) 1.11 (0.88, 1.41) 0.475 1.17 (0.93, 1.49) 0.300 1.18 (0.93, 1.49) 0.283

Folate 89/617 (14.42) 2,162/20,872 (10.36) 1.44 (1.16, 1.78) 0.003 1.27 (1.03, 1.57) 0.060 1.23 (1.00, 1.53) 0.116

Mineral

supplements

885/8,387 (10.55) 1,366/13,102 (10.43) 0.92 (0.85, 1.00) 0.095 0.96 (0.88, 1.05) 0.438 0.96 (0.88, 1.05) 0.510

Fish oil 630/6,220 (10.13) 1,621/15,269 (10.62) 0.87 (0.79, 0.95) 0.072 0.93 (0.85, 1.02) 0.206 0.93 (0.85, 1.02) 0.244

Glucosamine 309/2,958 (10.45) 1,942/18,531 (10.48) 0.88 (0.78, 0.99) 0.073 0.94 (0.83, 1.06) 0.395 0.96 (0.85, 1.08) 0.613

Calcium 168/1,102 (15.25) 2,083/20,387 (10.22) 1.45 (1.23, 1.70) <0.001 1.42 (1.21, 1.66) <0.001 1.37 (1.17, 1.60) 0.002

Iron 118/799 (14.77) 2,133/20,690 (10.31) 1.59 (1.33, 1.92) <0.001 1.41 (1.17, 1.69) 0.002 1.33 (1.10, 1.60) 0.015

Zine 74/753 (9.83) 2,177/20,736 (10.50) 0.92 (0,73, 1.16) 0.565 0.98 (0.78, 1.23) 0.840 0.97 (0.77, 1.22) 0.820

Selenium 56/412 (13.59) 2,195/21,077 (10.41) 1.24 (0.96, 1.61) 0.150 1.35 (1.03, 1.75) 0.060 1.37 (1.05, 1.78) 0.069

aModel 1: adjusted for age, gender, and race.
bModel 2: adjusted for age, gender, race, Townsend deprivation index, smoking statue, alcohol consumption, diet, sleep duration, activity, weight loss, grip strength score, walk speed,

and exhaustion.
cModel 3: adjusted for variables in model 2 plus BMI, HbA1c, history of CHD, hypertension, stroke, osteoporosis, and diabetic complication, and recent fall.
dP: P-value was adjusted for multiple comparisons using Benjamini&Hochberg method.

BMI, body mass index; CHD, coronary heart disease; CI, confidence interval; HbA1c, hemoglobin A1c; HR, hazard ratio; VNS, vitamin and/or nutritional supplements.

Bold values mean statistical significant after adjustment for multiple comparison.

fall prevention, especially when combined with calcium (12).

Further analyses suggested that its effects might vary according

to the supplementation doses and baseline nutritional status

of participants (28, 29). Additionally, several RCTs have been

conducted to evaluate the effects of vitamin B12 and folic

acid supplementation (18) or vitamin K (16) on falls, and no

significant effects on the risk of falls were observed. Although

previous studies showed that most nutritional supplementation

was associated with an increased muscle strength and alleviated

frailty, there has been no studies that systematically evaluate

the role of vitamins and dietary supplements on falls. And

for patients with diabetes, who are at a higher risk of falls,

no specific fall-preventive strategies have been developed yet.

Therefore, utilizing data from the ACCORD trial and UK

Biobank, we assessed the effects of total VNS, vitamins, and

specific supplements on the risk of falls among patients with

diabetes, and found the heterogenicity in their implications.

Among the vitamins and dietary supplements involved in the

baseline questionnaires of UK Biobank, vitamin B, calcium,

and iron supplementation were associated with a significantly

increased risk of inpatient fall, while the associations of other

supplements with fall appeared insignificant, which appeared

inconsistent with previous studies examining the associations of

VNS with falls.

For fall-related clinical characteristics such as skeletal muscle

mass, bone health, balance function, and frailty, the effects

of nutritional supplementation observed in existing research

also seemed to contradict our results (30). In a prospective

study which enrolled 1,643 community-dwelling individuals

aged ≥65 years, poor intake of vitamin B6, C, E, and folates

was strongly and independently associated with frailty (31), and

supplementation of whey protein, vitamin D, and E improved

the muscle mass, strength, and life quality in older adults with

sarcopenia (32). For elderly people, folate levels predict grip

and leg strength (33), and low folate concentration is a risk

factor for worse physical performance (34). Also, low levels

of vitamin C and iron are also associated with age-related

muscle loss and frailty syndrome (35–37). However, in reviewing

the published literature, we also found that most studies that

observed protective role of nutritional supplements in falls and

related mechanisms were conducted among participants with

nutritional deficiency. In developed countries such as U.K., U.S.,

and Canada, nutrient intake can usually be fulfilled by a high-

quality diet, and people without increased demands might not
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benefit additionally via an extra nutritional supplementation

(38–40). In addition, excessive nutritional supplementation

might also have side effects or toxicity. For example, previous

RCTs reported that supplementation of vitamin D in high doses

daily (4,000 or 4,800 IU vitamin D3), monthly (60,000 IU

vitamin D3 or 24,000 IU vitamin D3 plus 300 µg calcifediol),

or annually (500,000 IU cholecalciferol) increased the risk of

falls (13, 14, 41). High-dose vitamin B supplementation was

associated with an increased risk for cataract (42). And in

experimental studies, iron overload increased bone reabsorption

and caused bone loss in mouse models (43). The evidence

mentioned above supports our findings that specific vitamin

and nutritional supplements were associated with an increased

risk of inpatient fall among patients with diabetes. In addition,

the information in the doses, duration, and brands for specific

nutritional supplementation was not available in ACCORD and

UK Biobank, and whether or not the enrolled participants had

specific nutrient deficiencies was unknown in our analyses.

Thus, it might be inapposite to compare our findings, which

were derived from a “real-world” setting, with those of previous

RCTs of specific supplements directly. And based on UK

Biobank, we also conducted a series of sensitivity analyses

and verified the reliability and robustness of our findings that

vitamin B, iron, and calciumwere independently associated with

a higher risk of inpatient fall among patients with diabetes.

Furthermore, diabetes is a non-negligible risk factor for falls

(7), which is attributed to a series of pathophysiological

decline (impaired postural control, gait patterns, and

cognitive function), diabetic complications (polyneuropathy,

dysfunction of visual and vestibular systems), and other co-

morbidities such as hypertension, hyperlipemia, and CVDs

that might appear along with the progression of diabetes

(44). Considering that diabetes-related frailty, muscle strength

reduction, retinopathy, peripheral neuropathy, and other

pathophysiological mechanisms involved in the diabetes-related

higher risk of falls, we excluded patients with fall-related diabetic

complications at baseline in sensitivity analysis 4 to avoid the

related reverse causality, and the results remained consistent.

Although the European Society of Cardiology and the European

Association for the Study of Diabetes do not recommend

the general use of vitamin or micronutrient supplementation

to prevent diabetes or CVDs for patients with diabetes, we

observed that nutritional supplementation was common among

patients with diabetes in both ACCORD trial (33.8%) and UK

Biobank (46.8%). According to a recent research based on the

National Health and Nutrition Examination Surveys, ∼58% of

U.S. adults with diabetes used dietary supplements during 2013–

2014 (45). Based on this phenomenon, our results, although

did not assess the dose-dependent effects of each supplement,

are still important for patients, clinicians, and policymakers.

For patients without malnutrition or special demands, the

non-indicative use of dietary supplements needs to be carefully

evaluated, since its side effects might lead to worse prognosis,

despite its undefined clinical benefits. Utilizing the two

prospective data with “real-world” settings, this study provides

epidemiological evidence to warn the non-indicative use of

nutritional supplements for patients with diabetes, considering

its potentially higher risk of falls. And further clinical trials and

genetically epidemiological research are necessary to prove our

findings and provide higher-level evidence.

There were several limitations to our study. Firstly, the use of

VNS was self-reported by participants at baseline in two cohorts.

The detailed doses, duration, and brands of the supplements

used were not available, making it impossible to analyze the

potential dose-dependent effects of specific supplements. And

during follow-up period, possible alterations in the exposure

level might contribute to dilution bias in our analyses. However,

according to the published studies, the reproducibility of

nutritional supplementation in UK Biobank was stable and

reliable (46, 47). Secondly, since the incidence of general fall

events (e.g., any falls in the last year) during follow-up was

only available for a subset of participants and the corresponding

date of self-reported fall events was unavailable in UK Biobank,

we defined the fall outcome as inpatient fall event using

ICD-10 codes and corresponding date derived from electrical

health records by UK Biobank, which might underestimate

the incidence of fall events. Thirdly, the two cohorts used in

this study, ACCORD and UK Biobank, were based on the

developed countries, and most participants were white. Thus, it

needs caution to generalize our findings to the population from

other developing countries and races. Fourthly, reverse causality

might remain in this observational research, although we have

attempted to avoid its impacts by conducting several sensitivity

analyses. For instance, in sensitivity analysis 1, after exclusion

of participants who experienced ≥2 falls in the previous year,

consistent results were also observed. Finally, even though we

have adjusted for potential confounding factors including fall-

related diabetic complications, frailty phenotype, previous fall

history, and osteoporosis in themultivariable models, there were

still residual confounding factors (e.g., balance measurements,

not available in ACCORD and UK Biobank), which might cause

deviations in our results.

In summary, our study revealed that specific nutritional

supplementation of vitamin B, iron, and calcium were

significantly associated with an increased risk of fall among

patients with diabetes after adjustments for demographic,

clinical, and laboratory factors, and further randomized,

controlled trials designed specifically are in demand to validate

our conclusion further.
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