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Abstract
Objective  To evaluate overall prevalence and trends of 
use of any supplements, multivitamins/multiminerals 
(MVMM), individual vitamins, minerals, and non-vitamin, 
non-mineral (NVNM) supplements among adults with 
diabetes in the USA.
Research design and methods  We used a nationally 
representative sample from the National Health and 
Nutrition Examination Survey collected between 1999 and 
2014. Information on supplement use in the preceding 30 
days was collected during interview over 8 continuous 2-
year waves. To account for the complex sampling design, 
weighted analyses were conducted among 6688 US adults 
with diabetes aged 20–85 years and also stratified by 
age, sex, race/ethnicity, education, comorbidity status, and 
diabetes duration.
Results  Overall, the prevalence of any supplement use 
(52%–58%; P for trend=0.08) and that of any mineral 
use (47%–51%; P for trend=0.23) seemed stable over 
the years studied. Reported use of MVMM slightly 
decreased from 36% to 32% (P for trend=0.006). Use 
of any vitamin products significantly increased from 
47% to 52% (P for trend=0.03). Use of some individual 
supplements, especially vitamin D, choline, lycopene, and 
fish oil supplements, significantly increased, while some 
vitamins, minerals and NVNM supplements decreased over 
the years. In addition, the trend of any supplement use 
varied by age, sex, race/ethnicity, or education, but not by 
diabetes duration or diabetic comorbidities.
Conclusions  Among US patients with diabetes, use 
of any dietary supplements or any minerals remained 
stable, while MVMM use slightly decreased and use of any 
vitamins increased. Additionally, use of several individual 
supplements varied significantly over the 16-year period 
studied.

Introduction
Dietary supplements are often taken by 
adults in USA to maintain or promote health. 
Approximately 50% of US adults routinely 
take dietary supplements and spend billions 
of dollars annually.1 National surveys have 
reported that dietary supplement use among 
US adults remained stable through 1999 to 

2012 with an obvious increase between the 
1980s and the mid-2000s.1 Older US adults 
also showed a higher prevalence of dietary 
supplement use in 2011–2014.2 Meanwhile, 
a growing body of evidence suggests that 
increased intake of some dietary supple-
ments, such as omega-3 fatty acids, vitamin 
D, and lycopene, might be associated with 
reduced risk of cancer and cardiovascular 
disease,3 4 which might have motivated the 
use of supplements.

Due to their relative safety and low cost, 
dietary supplements such as multivitamins 
are advocated as an attractive option for 
preventing chronic diseases, such as cancer, 
cardiovascular disease, and type 2 diabetes. 
Type 2 diabetes has been called ‘the epidemic 

Significance of this study

What is already known about this subject?
►► Most of the previous nationwide surveys of dietary 
supplements have been conducted in the general 
population or healthy population.

►► It remains unclear whether trends or patterns of 
taking dietary supplements would vary among US 
patients with diabetes.

What are the new findings?
►► Use of any dietary supplements or any minerals 
remained stable, while use of multivitamins/multi-
minerals slightly decreased among US patients with 
diabetes over the past 16 years between 1999 and 
2014.

►► The trend of any supplement use seemed to vary by 
age, sex, race/ethnicity, or educational levels.

How might these results change the focus of 
research or clinical practice?

►► Our national survey data provide important informa-
tion for future dietary/nutritional recommendations 
and/or guidelines for US adults with diabetes.

http://drc.bmj.com/
http://orcid.org/0000-0002-2097-7332
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjdrc-2019-000925&domain=pdf&date_stamp=2020-01-14
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of the 21st century’, given its rising prevalence and 
increasing healthcare burden in USA and worldwide.5 
In particular, complications from diabetes seriously 
influence the quality of life for patients with diabetes.6 
Evidence from basic research has suggested that adequate 
intake of antioxidant vitamins or minerals may protect 
against the development of type 2 diabetes via reduction 
of oxidative stress and its associated metabolic abnor-
malities, including insulin resistance, pancreatic β-cell 
insulin secretion, systemic inflammation, endothelial 
dysfunction, hypertension, and dyslipidemia.7 8 Observa-
tional studies have shown that high consumption of some 
specific nutrients, vitamins, or minerals was associated 
with decreased incidence of diabetes.9–11 For instance, 
several systematic reviews and meta-analyses supported 
a link between adequate vitamin D levels and low risk 
of type 2 diabetes.12 13 Several lines of experimental 
evidence supported the potential favorable effects of 
vitamin D supplementation on glucose and insulin 
homeostasis as well as other metabolic abnormalities in 
patients with diabetes.14 Among the non-vitamin, non-
mineral (NVNM) supplements, omega-3 fatty acid may 
decrease C reactive protein concentrations and improve 
dyslipidemia in patients with diabetes, thereby delaying 
the development and progression of diabetic complica-
tions.15 However, given the lack of conclusive evidence 
from randomized controlled trials, much controversy 
exists over the potential yet unproven benefits or risks of 
any dietary supplement use regarding the development 
and progression of type 2 diabetes.

Most previous nationwide surveys were conducted in 
the general population or healthy populations and clearly 
show the patterns and trends of nutritional supplement 
use among US adults;1 16 17 however, it is unclear whether 
such trends or patterns differ among US patients with 
diabetes. Based on the nationally representative sample of 
US adults from the National Health and Nutrition Exam-
ination Survey (NHANES) with eight continuous 2-year 
surveys from 1999 to 2014, our study aimed to investigate 
serial trends in supplement use among US patients with 
diabetes, including the use of any supplement product 
and multivitamins/multiminerals, as well as individual 
vitamins, minerals, and NVNM supplements.

Research design and methods
Study design and data collection
The NHANES is a series of cross-sectional, stratified, multi-
stage surveys representative of the non-institutionalized 
population in USA. NHANES has assessed the health 
and nutritional status of both adults and children for 
several decades. The current NHANES has continuously 
collected data in 2-year waves since 1999. Survey data were 
collected both through an in-home interview and a visit 
to a mobile examination center with direct standardized 
physical examinations. A standardized questionnaire was 
given to participants to collect demographic information, 

such as age, sex, race/ethnicity, and education level. All 
participants provided written informed consent.

We used NHANES data from 1999 to 2014 to estimate 
the prevalence and trends in dietary supplement use 
among US patients with diabetes. The sample size of 
each survey ranged from 577 to 1089. After we excluded 
women who were pregnant (because pregnancy affects 
glucose measurements) (n=1280), participants younger 
than 20 years old (n=38 140), participants who failed to 
go to the mobile exam center (n=2134), and subjects 
without diabetes (n=33 905), there were 6688 patients 
with diabetes in the analyses.

Definitions of diabetes
During the interview, participants were asked if they have 
ever been diagnosed with diabetes by a ‘doctor or a health 
professional’. If the answer was ‘yes’,we defined it as a 
self-reported previous diagnosis of diabetes. In this study, 
diabetes is defined if any of the following conditions are 
met: (1) Previous diagnosis of diabetes. (2) A hemo-
globin A1c level of 6.5% (48 mmol/mol) or greater. (3) 
Fasting plasma glucose level of 126 mg/dL or higher. (4) 
Any plasma glucose (PG) level of 200 mg/dL or higher. 
(5) Two-hour PG level of 200 mg/dL. (6) Use of insulin.

Dietary supplement use
During the interview, participants were asked if they had 
taken any dietary supplements in the last 30 days. The 
prevalence of supplement use was defined based on this 
self-reported use in each NHANES wave. Multivitamins/
multiminerals (MVMM) was defined as ≥10 vitamins 
and/or minerals.

Statistical analyses
NHANES is a very complex stratified multistage cross-
sectional survey. It oversamples many groups, such as 
children aged 2 months to 5 years, people older than 
60 years, Mexican Americans, and non-Hispanic blacks. 
All analyses used sample weights and took into account 
the complex survey design. Categorical variables were 
presented as weighted percentages and corresponding 
weighted 95% CIs. Survey-weighted logistic regression 
was used to calculate p value for linear trend across waves. 
The linear trend was considered statistically significant at 
0.05 based on the two-sided Wald test. Ratios and differ-
ences for the comparison of the prevalence of supple-
ment use in 2013–2014 vs 1999–2000 were calculated. A 
statistically significant decrease corresponded to a ratio 
<1 (or a difference <0) and p for linear trend <0.05; a 
significant increase represented a ratio >1 (or a differ-
ence >0) and p for linear trend <0.05; and a stable trend 
represented a p for linear trend ≥0.05.

Overall prevalence of dietary supplements (any supple-
ment, any vitamin, any mineral, MVMM, individual 
vitamins and minerals as well as NVNM) for each wave 
of NHANES was also presented. Prevalence for NVNM 
supplements was not presented due to NHANES analytic 
guidelines on large relative standard errors (>30%).
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Table 1  Population characteristics of US adults aged 20 years or older with diabetes using any dietary supplements between 
1999 and 2014

No. of participants

Any dietary supplement use

No. of participants
Weighted % 
(Weighted 95% CI)*

Overall 6688 3344 54 (52 to 55)

Demographics

Age group, years

 � 20–39 461 136 30 (26 to 35)

 � 40–64 3142 1439 51 (49 to 54)

 � ≥65 3085 1769 62 (60 to 65)

Sex

 � Male 3382 1573 50 (48 to 53)

 � Female 3306 1771 57 (55 to 59)

Race/ethnicity

 � Non-Hispanic white 2556 1500 59 (57 to 62)

 � Non-Hispanic black 1733 783 44 (41 to 46)

 � Mexican American 1369 567 39 (35 to 42)

 � Other 754 342 47 (42 to 51)

Education

 � <High school 2698 1076 42 (40 to 45)

 � High school 1526 813 55 (52 to 58)

 � Some college 1580 904 58 (55 to 61)

 � ≥4 years of college 870 545 63 (59 to 67)

Diabetes duration, years

 � <10 2412 1167 53 (50 to 55)

 � ≥10 2228 1191 58 (55 to 61)

Comorbidity

 � Cardiovascular disease 1646 854 56 (53 to 59)

 � Cancer 925 560 65 (61 to 70)

 � Chronic obstructive pulmonary disease 721 374 55 (50 to 60)

 � Chronic kidney disease 517 292 58 (53 to 63)

*Sample weights were considered for analyses to account for complex survey design.

We also performed subgroup analyses stratified by age 
(20–39 years, 40–64 years, and ≥65 years), sex, race/
ethnicity (non-Hispanic white, non-Hispanic black, and 
Mexican American), education level (less than high 
school, high school and some college, and college or 
higher), status of comorbidities (yes if patients with 
diabetes had cardiovascular disease, chronic kidney 
disease or nephropathy, retinopathy, neuropathy, or 
cancer), and diabetes duration (<10 years and ≥10 
years). All analyses were conducted using SAS, V.9.4 (SAS 
Institute).

Results
Over the eight continuous 2-year surveys, 6688 patients 
with diabetes aged over 20 years were identified: 3382 
men and 3306 women. Table 1 presents basic population 

characteristics by use of any dietary supplement among 
US adults with diabetes. In 1999–2014, 54% of patients 
with diabetes took any dietary supplements (95% CI 52% 
to 55%). Approximately 30% of patients aged 20–39 
years, 51% of those aged 40–64 years, and 62% of those 
aged over 65 years took dietary supplements. Female 
patients were more likely to use dietary supplements than 
male (57% vs 50%). The highest prevalence of dietary 
supplement use was among non-Hispanic whites (59%), 
followed by non-Hispanic blacks (44%), and Mexican 
Americans (39%). As expected, higher prevalence of 
supplement use was associated with higher education 
levels or longer diabetes duration. Additionally, diabetes-
related comorbidity status was associated with supple-
ment use (all proportions ≥55%); the highest prevalence 
of supplement use was 65% among patients with diabetes 
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with cancer, followed by 58% for chronic kidney disease, 
56% for cardiovascular disease, and 55% for chronic 
obstructive pulmonary disease.

The prevalence and trends in the use of any supple-
ment, MVMM, any vitamin, and any mineral from 1999 
to 2014 are presented in table 2. The use of any dietary 
supplement seemed to increase from 52% in 1999–
2000 to 58% in 2013–2014 but without statistical signif-
icance (P for trend=0.08). After excluding MVMM, the 
increasing trend in any supplement use became statis-
tically significant, rising from 17% to 26% (P for trend 
<0.0001; difference: 9.7%; 95% CI 3.8% to 16%). MVMM 
use slightly but statistically significantly decreased from 
36% (95% CI 28% to 43%) in 1999–2000 to 32% (95% 
CI 28% to 36%) in 2013–2014 (P for trend=0.006; differ-
ence: −3.6%; 95% CI −12% to 4.4%). Use of any vitamin 
supplement slightly but significantly increased from 47% 
to 52% (P for trend=0.03; difference: 5.8%; 95% CI 1.8% 
to 14%), and the increasing trend remained statistically 
significant after excluding MVMM (P for trend <0.0001; 
difference: 9.5%; 95% CI 4.6% to 14%). Use of any 
mineral seemed relatively stable with a prevalence of 47% 
in 1999–2000 and 51% in 2013–2014 (P for trend=0.23; 
difference: 3.7%; 95% CI −3.6% to 11%), and the overall 
trend remained stable after excluding MVMM (P for 
trend=0.15) whereas its prevalence of 19% in 2013–2014 
was significantly higher than its 13% in 1999–2000 (differ-
ence: 5.8%; 95% CI 0.2% to 12%).

The prevalence and trends in use of individual vitamins, 
minerals, and common MVMM components are shown 
in table  3. Among the individual vitamins considered, 
the prevalence of vitamin D use notably increased from 
34% to 43% between 1999 and 2014 (p for trend=0.001; 
difference: 9.2%; 95% CI 2.0% to 16%). Use of lycopene 
supplements among men substantially increased from 
2.4% in 1999–2000 to 21% in 2003–2004 and then gradu-
ally rose to 27% in 2013–2014 (p for trend <0.0001; differ-
ence: 24%; 95% CI 18% to 30%). Of note, the overall 
prevalence of choline was relatively low (≤4.5%) across 
the years, with an increase from 2.8% in 1999–2000 to 
4.5% in 2013–2014 (p for trend=0.04). The prevalence 
of vitamin A use among patients with diabetes increased 
from 32% to 38% from 1999 to 2006, then dropped back 
in 2007 and remained stable at 32% between 2007 and 
2014, which resulted in an overall decreased use (p for 
trend=0.02; difference: −0.2%; 95% CI −7.9% to 7.6%). 
Meanwhile, use of B vitamins (except B12) and vitamin E 
tended to decrease over time with statistical significance. 
After excluding MVMM and vitamin D, any vitamin use 
appeared stable over the years (difference: 0.5%; 95% CI 
−4.7% to 3.7%).

Of the mineral supplements taken by patients with 
diabetes, calcium was the most common over the years, 
accompanied by magnesium, copper, chromium, sele-
nium, manganese, and zinc (whose prevalence all being 
24% or above). About 45% of patients with diabetes used 
calcium supplements in 2013–2014, although the trends 
of calcium use were similar between 1999–2000 and 
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2013–2014 (p for trend=0.18; difference: 2.7%; 95% CI 
−4.2% to 9.6%). Additionally, use of chromium, copper, 
manganese, and selenium did not significantly change, 
while use of boron, iodine, iron, magnesium, molyb-
denum, phosphorus, potassium, vanadium, and zinc 
decreased.

The trends in any supplement use stratified by age, sex, 
race, education level, comorbidity status, and diabetes 
duration are shown in figure 1. Prevalence of any supple-
ment use tended to be higher in older patients aged ≥65 
years (figure 1A) and in women (figure 1B). The overall 
prevalence of any supplement use was much higher in 
patients with higher education (figure  1D). Mexican 
Americans had the lowest prevalence of any supplement 
use, and non-Hispanic whites had the highest prevalence 
(figure  1C). The prevalence in non-Hispanic blacks 
was as low as that in Mexican Americans between 1999 
and 2003, but dramatically increased after 2005–2006 
and then became similar to that in non-Hispanic whites 
between 2009 and 2014 (figure  1C). Trends in any 
supplement use appeared similar across subgroups strat-
ified by comorbidities (figure  1E) or diabetes duration 
(figure 1F) from 1999 to 2014.

The use of MVMM showed a decreasing trend among 
patients aged 20–39 years, especially from 2009–2010 to 
2011–2012, while no significant change was observed 
among those aged 40–64 years or older (figure 2A). Use 
of MVMM decreased significantly among women, while 
the use of MVMN remained stable for men (figure 2B). 
Patients with higher education (≥high school) were 
more likely to take MVMM compared with those with 
lower education (<high school) (figure  2D). Use of 
MVMM decreased significantly since 2005–2006 among 
non-Hispanic whites and increased among non-Hispanic 
blacks since 2007–2008, but remained stable among 
Mexican Americans since 2007–2008 (figure 2C). MVMM 
use was similar among patients with different comorbidity 
status or diabetes duration (figure 2E and F).

Use of several NVNM supplements increased over 
the years of 1999–2014 (online supplementary table 
S1). Except for fish oil and omega-3 supplements, use 
of NVNM supplements had very low overall prevalence 
(≤5%) in general over the years. The use of any omega-3 
fatty acid-containing supplements increased almost 
18-fold from 0.7% in 1999–2000 to 12.8% in 2013–2014 
(p for trend <0.0001; difference: 12.5%; 95% CI 8.6% 
to 16.4%). Fish oil/eicosapentaenoic acid (EPA)/
docosahexaenoic acid (DHA)/docosapentaenoic acid 
(DPA) supplements were the most commonly used 
NVNM in 2013–2014, with an average 10-fold increase 
(difference: 13.4%; 95% CI 8.9% to 17.9%) from 1999 
to 2000. Use of omega-6 and omega-9 fatty acid supple-
ments, amino acids, methylsulfonyl-methane, and 
probiotics use appeared to increase. In addition, use 
of bilberry, garlic, ginkgo biloba, ginseng, grape seed, 
para-aminobenzolic acid, quercetin, and soy signifi-
cantly declined over the years while all others did not 
significantly change.

https://dx.doi.org/10.1136/bmjdrc-2019-000925
https://dx.doi.org/10.1136/bmjdrc-2019-000925
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Figure 1  Trends in any supplement use stratified by age, sex, race, education level, comorbidity status, and diabetes duration 
in US adults with diabetes aged over 20 years in the National Health and Nutrition Examination Survey (NHANES) 1999–2014.

Conclusions
Our study based on the serial NHANES from 1999–2000 
to 2013–2014 specifically investigated prevalence and 
trends in dietary supplement use among US adults with 
diabetes. Overall, approximately 54% of US adults with 
diabetes took any dietary supplement between 1999 
and 2014. Use of MVMM slightly decreased from 36% 
in 1999–2000 to 32% in 2013–2014. Use of any vitamin 
product significantly increased, especially after excluding 
MVMM, while use of any minerals remained stable over 
the 16 years studied. Use of some individual supplements, 
especially vitamin D, lycopene (among men), choline, 
and fish oil significantly increased while some vitamins, 
minerals and NVNM supplements decreased over the 

years. In addition, trends in the use of any supplement 
or MVMM seemed to vary by age, sex, race/ethnicity, or 
educational level, but not by diabetes duration or diabetic 
comorbidities.

The overall prevalence and trends in use of any 
dietary supplement were similarly stable in both of the 
US general and diabetic populations. The results from 
earlier studies among US generally healthy adults showed 
an increased trend of any supplement use between the 
1980s and early 2000s.18 19 A recent survey reported that 
use of any supplement among US adults from 1999 to 
2012 was stable (52%),1 which is almost the same as 
our finding of overall prevalence of 53% of any dietary 
supplements among patients with diabetes in 2011–2012. 
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Figure 2  Trends in multivitamins/multiminerals use stratified by age, sex, race, education level, comorbidity status, and 
diabetes duration in US adults with diabetes aged over 20 years in the National Health and Nutrition Examination Survey 
(NHANES) 1999–2014.

We further explored 2013–2014 data and found a slight 
increase from 52% in 1999–2000 to 58% in 2013–2014 
among US patients with diabetes. The trends in any 
supplement use varied by age, sex, race, or education 
level. Any supplement use tended to be higher in older 
patients (aged ≥65 years), women, patients with higher 
education, and non-Hispanic whites. The prevalence of 
any supplement use was becoming similar between non-
Hispanic whites and non-Hispanic blacks between 2009 
and 2014. Higher socioeconomic status might at least 
partially explain these race-specific patterns.

The stability of any supplement use might reflect 
the net balance of the decreased use of MVMM and 

the increased use of any vitamins. Between 1999 and 
2014, the use of MVMM containing  ≥10 vitamins and/
or minerals slightly decreased from 36% to 32%. The 
trend in MVMM use varied by age, sex, race/ethnicity, 
and education, with the highest prevalence of MVMM 
use among older adults and the lowest prevalence among 
young adults. The decreasing trend in MVMM use was 
more apparent among women. Furthermore, use of 
MVMM seemed to decrease among non-Hispanic whites 
and those with high school or some college education. 
Several studies have suggested that the decrease in the use 
of MVMM was caused by media reports on the unproven 
health effects of MVMM supplements. Meanwhile, many 
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evidence-based recommendations released by profes-
sional organizations did not strongly support the bene-
ficial role of MVMM supplementation in the prevention 
of chronic diseases.20–22 Further, taking too many supple-
ments might be harmful for human health.23 Addition-
ally, the beneficial effects of MVMM or antioxidant 
supplements on preventing diabetes or diabetic compli-
cation have not been demonstrated by reliable trial data.

Although some experts do not support the role of 
dietary supplements in preventing and treating diseases,24 
suggestive beneficial effects of several antioxidant vita-
mins have been shown in some clinical trials25 26 and 
might account for the increased trend of vitamin supple-
ment use among patients with diabetes. Contrary to the 
decreased use in MVMM over years, use of any vitamin 
products slightly increased from 47% in 1999–2000 to 
52% in 2013–2014. After excluding the use of MVMM, 
the increase in the prevalence of vitamin product use 
almost doubled from 11% in 1999–2000 to 20% in 2013–
2014. This observation was consistent with the report 
among generally healthy US adults that the increase in 
use of any vitamin products1 was due to an increased use 
in individual or combined vitamins.

In particular, it was worthwhile to note that vitamin D 
use significantly increased from 34% in 1999–2000 to 43% 
in 2013–2014.27 Emerging evidence based on systematic 
review and meta-analysis indicated that vitamin D may be 
beneficial to patients with diabetes due to its favorable 
effects on insulin action and secretion as well as other 
metabolic outcomes.13 28–30 However, recent reports from 
large-scale randomized controlled trials of the effects of 
vitamin D supplementation on cardiovascular disease, 
cancer, and type 2 diabetes have been disappointing.31 32 
Solid evidence of the beneficial effects of vitamin D on 
type 2 diabetes from other well-designed and conducted 
randomized controlled trials would be expected to have 
a profound impact on future trends in vitamin D or any 
vitamin use among healthy individuals or patients with 
diabetes for health promotion.

The prevalence of lycopene supplements was 24% 
among male patients with diabetes in 2007–2008, which 
was similar to 22% in the US healthy male adults in 
the same time period.1 We also observed significantly 
increased use of lycopene supplements among male 
patients with diabetes from 2.4% in 1999 to 27% in 2014, 
which may have contributed to increased use of any 
vitamin use among patients. Since it was first reported in 
2002 that consumption of lycopene-rich tomato products 
was associated with reduced risk of prostate cancer,3 use 
of lycopene supplements became popular among male 
adults. Lycopene, a plant nutrient with antioxidant prop-
erties, might also drive the increased use of lycopene 
among patients with diabetes.

Despite decreasing trends in almost all B vitamins 
and MVMM, there was an increasing trend in choline 
use, especially after 1999 (from 2.8% in 1999–2000 to 
4.5% in 2013–2014). Choline is a naturally occurring 
nutrient present in some foods and available in dietary 

supplements containing only choline, in combination 
with B-complex vitamins, and in some MVMM prod-
ucts.33 Previous studies have linked choline status with 
cardiometabolic disorders, such as hypertension, dyslip-
idemia, and hyperhomocysteinemia, because dietary 
choline and other ingredients can be converted to gut 
microbiota-derived metabolites that have been linked to 
multiple cardiometabolic outcomes.34 There is currently 
not enough evidence to support using choline-containing 
supplements to either prevent or treat diabetes.

The trend of any mineral use remained stable, with 
47% of reporting use in 1999–2000 and 51% in 2013–
2014, and the trend persisted when limited to non-
MVMM supplements, indicating that the use of MVMM 
did not affect the use of individual minerals. However, 
there was an upward trend in the prevalence of mineral 
use between 1999 and 2006 and a downward trend after 
2006. Meanwhile, of all surveyed individual minerals, 
calcium was the most commonly used, with 45% of 
reporting use among patients with diabetes in 2013–
2014. Calcium is critically important for bone health 
but its effects on cardiometabolic disease have not been 
demonstrated by large randomized trials. Lately, there is 
evidence that optimal magnesium-calcium ratio is more 
important for health. Combined magnesium/calcium 
supplements have become available; however, there is 
lack of detailed information on these supplements in 
NHANES. We observed a decreased change in the prev-
alence of the use of individual magnesium supplements 
over the years.

Among NVNM, use of omega-3 fatty acid-containing 
supplements also increased, accompanied by an increase 
in fish oil supplements. A growing body of research 
showing robust reductions in triglycerides and poten-
tial beneficial effects on other cardiometabolic traits 
might have contributed to the increased use of omega-3 
fatty acid-containing supplements,4 35–39 although there 
remains controversy over their long-term beneficial 
effects in prevention of diabetic complications. Recent 
systematic reviews and meta-analyses did not support 
recommendations that patients with diabetes take fish oil 
supplements. However, whether such updated reviews or 
ongoing large randomized trials would affect the use of 
omega-3 fatty acid-containing supplements needs further 
investigation.

Our study had some strengths. First, we used data from 
NHANES, a nationally representative sample of US adults. 
Trends of supplement use were assessed over a 16-year 
span based on eight continuous 2-year waves of surveys. 
Second, our study focused on patients with diabetes 
rather than the general population. Third, information 
on whether dietary supplements had been taken over the 
prior 30 days was collected through in-home interviews 
and verified by seeing the dietary supplement bottles/
labels, which has high credibility and could reduce recall 
bias and improve self-reported data quality. Finally, the 
large sample sizes allowed us to reliably assess whether the 
prevalence and trends of supplement use were modified 
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by prespecified factors such as age, sex, race/ethnicity, 
education, comorbidity status, and diabetes duration.

However, our study also has several limitations. First, 
although the study consisted of eight cross-sectional 
surveys, the sample size of each survey was relatively 
small, and the largest sample size was only 1089 patients, 
which might have produced sampling error. In particular, 
large variance may explain the disparate prevalence esti-
mates for the majority of individual supplements with low 
prevalence (<10%). Second, the study provided informa-
tion on generic information of dietary supplement use, 
instead of accurate information on the specific brands or 
daily intake across eight continuous 2-year waves for all 
supplements considered in the research. Third, dietary 
assessment in NHANES investigated if the participants 
used supplements only in the past 30 days and thus may 
not accurately reflect long-term dietary supplement 
use, which might lead to imprecise estimates of annual 
seasonal changes in the use of supplements. Finally, there 
is lack of power to examine the prevalence or trend of 
specific supplements that were less frequently consumed 
by patients with diabetes.

In conclusion, our study found that among patients 
with diabetes in USA, use of any dietary supplements 
or any minerals remained stable, use of MVMM slightly 
decreased, and use of any vitamins and several individual 
supplements, such as vitamin D and lycopene, increased 
between 1999 and 2014. To date, there are no concrete 
dietary recommendations on the use of vitamin and/
or mineral supplements for patients with diabetes due 
to lack of reliable and robust evidence on the long-term 
benefits/risks of taking supplements of antioxidant vita-
mins. All the data from large randomized trials including 
multivitamin use, vitamin D, and fish oils for primary or 
secondary prevention of type 2 diabetes have not been 
published yet and will be very important and informative 
for future dietary recommendations affecting the trends 
and patterns of dietary supplement use among patients 
with diabetes.
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