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Abstract: As a follow-up to an earlier study demonstrating healthier cardiometabolic profiles among long-term multiple dietary supplement
(LTMDS) users, we examined if cardiometabolic health benefits associated with LTMDS use persisted with aging. The study is based on LTMDS
users from North America and 2007–2010 NHANES participants who were used for comparison to the LTMDS users. NHANES subjects were
classified as non-dietary supplement (NS) users, single supplement/single purpose supplement (SS) users, multivitamin/mineral supplement
(MVMS) users, and multiple dietary supplement (MDS) users. Supplement groups were compared for total, HDL and LDL cholesterol;
triglycerides; glucose; insulin; CRP and HbA1c � 6.5%, adjusting for age, sex, income, education, BMI, history of CVD, and medications for
hypercholesterolemia and diabetes. Geometric mean (95% confidence interval) LDL cholesterol was significantly lower (P < 0.05) for all
supplement groups (SS: 110 (104–117) mg/dL; MVMS: 113 (107–119) mg/dL; MDS: 115 (111–118) mg/dL; LTMDS: 112 (105, 119) mg/dL)
compared with the NS users (122 (118–126) mg/dL). Compared with the NS group, MDS users had significantly (P < 0.05) lower mean total
cholesterol (198 (194–201) vs 201 (197, 206) mg/dL), MDS and LTMDS users higher mean HDL cholesterol (54.2 (53.3–55.1) and 60.0 (57.4,
62.7) mg/dL vs 52.0 (50.8–53.3) mg/dL), LTMDS users lower fasting glucose (100 (98–103) vs 105 (103–106) mg/dL), SS and MDS users lower
insulin (8.4 (7.4–9.6) and 9.1 (8.3–9.9) vs 10.2 (9.4–11.1) μIU/mL), and MDS users lower CRP (% � 1.5 mg/L, 50.8 (47.9–53.6) vs 57.0 (52.4–61.6)
%). These findings add to the evidence that use of dietary supplements may provide cardiometabolic health benefits.
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Introduction

Dietary supplement use is widespread in the US. Approxi-
mately one-half of all adults used a dietary supplement in
the past 30 days, and trends in both traditional dietary sup-
plements and botanical dietary supplements appear to be
stable since 1999 [1, 2]. The fivemost commonly used diet-
ary supplements were multivitamin and mineral supple-
ments (MVMS) (32%), calcium (12%), omega-3 or fish oil
(10%), botanicals (8%) and vitamin C (7%) [3]. Prevalence
of supplement use varies based on a wide range of partici-
pant characteristics [1, 3]. The overall prevalence of dietary
supplement use is higher inwomen, and increaseswith age,
income and education, and is highest in non-Hispanic
whites relative to other racial and ethnic groups. Use of sup-
plements was also positively related to better health and
lifestyle choices and self-reported health status. Respon-
dents reported that 23% of supplements were taken based
on the recommendation of a physician or other health
care provider with MVMS, calcium, omega-3/fish oils and

vitamin D being the most frequently recommended
supplements [3].

Despite this widespread acceptance of supplements on
the part of the public and health care providers, questions
about both the safety and effectiveness of dietary supple-
ments continue to be raised [4]. The gold standard for
determining the safety and efficacy of a new pharmaceuti-
cal agent is the double-blind, placebo-controlled, random-
ized clinical trial (RCT), and there has been a movement
to hold supplements to the same standard, but this is
exceedingly difficult to do for a number of reasons [5, 6].
Observational studies are analternative toRCTs for consid-
ering the question of supplement safety and efficacy,
although these studies can be plagued by many issues
related to confounding by other healthy lifestyle behaviors
associated with supplement use andmeasurement of usual
supplement use. Block et al. [7] addressed the former issue
by applying this observational approach to an unusual pop-
ulationwhosenutritionalpractice included long-termuseof
multiple dietary supplements to study this question of
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supplement safety and efficacy. They focused on a commu-
nitydefinedby their active engagementwith the socialmar-
keting armof a supplement company. From this population,
Block et al. characterized the health status of a sample of
278 long-term (20+ years) multiple dietary supplement
(LTMDS) users. When compared with NHANES controls
whoeither tooknosupplementsor tookonlyamultivitamin,
the LTMDSusers had significantly better status for an array
of nutrients and consistently demonstrated a lower car-
diometabolic risk profile based on lipoprotein, C-reactive
protein (CRP)and total homocysteine concentrations.They
also had a significantly lower prevalence of diabetes.

In thepresent study, designedas a follow-up to the earlier
study of Block et al. [7], we examined cardiometabolic risk
markers including diabetes markers andmedication use to
further explore the finding of Block and colleagues after an
additional 10 years of multiple dietary supplement use to
determine if cardiometabolic health benefits associated
with the long-term multiple dietary supplement (LTMDS)
use persisted over time and to see if these benefits were
unique to LTMDS use or were also observed among
shorter-term multiple dietary supplement users and single
supplement users.

Subjects and methods

Study participants

Study participants were obtained from two sources, a study
of the demographic characteristics and the cardiometabolic
health status of LTMDS users from the United States and
Canada conducted by a dietary supplement manufacturer
anddistributor (ShakleeCorporation),andparticipants from
the 2007–2010 National Health and Examination Survey
(NHANES), who were used for comparison to the LTMDS
user sample for cardiometabolic risk factors as these were
the most recent survey years with all the comparable
biomarkers. The study was conducted in accordance with
the Declaration of Helsinki. All study data collection proce-
duresandprotocols for theLTMDScohortwereapprovedby
the Hummingbird Institutional Review Board (protocol
#2015-23). Protocols and procedures for analyses of blood
samples and data analyses performed at Tufts University
were approved by the TuftsHealth Science Campus Institu-
tional review Board (protocol #11868). All study procedures
and protocols for the NHANES surveys were approved by
the National Center for Health Statistics (NCHS) Research
Ethics Review Board (protocol #2005-06)

Long-term multiple dietary supplement (LTMDS) users
were Shaklee distributors and members who participated
in an earlier study in which Block et al. [7] characterized
the health status of 278 individuals who had used multiple

dietary supplements for at least 20 years in the original
study.At the timeof recruitment into thepresent study, par-
ticipants had used multiple dietary supplements for 30
years ormore. Participants from this cohort whowere plan-
ning to attend the 2015 annual convention for Shaklee dis-
tributors and members received an email from Shaklee
Corporation inviting them to participate in the study at
the convention site. Cohort participants who did not plan
to attend the convention were contacted to schedule home
visits.All participants receiveda follow-upemail fromShak-
leeCorporation that included an explanation of the study, a
consent form that included theMedical Research Subject’s
Bill of Rights, and a telephone number to contact Shaklee
Health Sciences staff in the event individuals had questions
pertaining to participating in the study or giving consent.
The email also included a link to online questionnaires per-
taining to diet, physical activity, demographic information,
health status,medical history, and use of Shaklee foods and
dietary supplements, which participants were only able to
accessafterhavingacknowledgedreading theconsent form
andhaving checked a box indicating their consent to partic-
ipate in the study.

Subjectswere emaileddetails of their laboratory appoint-
ment including instructions for fasting. Subjects were
instructed to fast from dietary supplements, food, and bev-
erages other thanwater and plain coffee or tea, for 12 hours
prior to their clinical appointment. A written informed
consent for the clinical study and all data and blood sam-
ples was obtained by personnel from Midwest Biomedi-
cal Research (Chicago, IL). Trained personnel measured
height, weight, and abdominal circumference, and
obtained a fasting blood sample (approximately 30mL).

Of the original 278 LTMDS use cohort participants, 191
members participated at the annual convention and 44
had home visits. Of the 235 subjects enrolled into the fol-
low-up study, 204 subjects provided a blood specimen for
laboratory analysis; only 195 subjects had complete labora-
tory results because some late remote blood samples were
not available for complete analysis prior to the study end
date. After excluding subjects with missing clinical and
questionnaire data, there were 176 subjects with complete
data on all questionnaires, clinical exam and laboratory
results. Additional LTMDS users were excluded from
analysis if they had a history of cancer other than non-
melanoma skin cancer (n = 17), were pregnant or lactating
(n = 1), or were children when they started supplements
30 years ago (n = 2). The final analytic sample included
n = 156 subjects.

Participants fromthe2007–2010NHANESwereused for
comparison to the LTMDS sample. NHANES is a nationally
represented study of health and nutritional status of adults
and children in the United States, with continuous data
collection in two-year cycles starting in 1999 [8]. Each
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NHANES cycle included an initial in-person home inter-
view and a subsequent study visit at a specially-designed
and equipped Mobile Examination Center (MEC). To
match the characteristics of the LTMDS sample, the
20,868 subjects available from 2007–10NHANES surveys
were restricted to 2,310 non-Hispanic white (NHW) adults,
40+ years of age, who did not currently smoke, were not
pregnant and were free of cancer. The selection of 40+
years as a comparison group was based on the sampling
design of NHANES and the availability of morning fasting
subsample data collected in participants 40+ years of age.

Outcomes and laboratory methods

The outcomes included total cholesterol (plasma), HDL
cholesterol (plasma) and LDL cholesterol (calculated),
triglycerides (plasma), glucose (serum for LTMDS and
plasma for NHANES), insulin (serum), and high sensitivity
CRP (plasma), and the prevalence of elevated hemoglobin
A1c (HbA1c) and diabetes. For LTMDS and NHANES par-
ticipants, elevated HbA1c was defined as HbA1c � 6.5%,
and diabetes was defined as having any of the following:
1) elevated HbA1c, 2) self-report of current diabetes medi-
cation use, or 3) self-report of a diagnosis of diabetes by a
physician.

For the LTMDS participants, a certified phlebotomist
drewapproximately30mlofbloodonsiteduringCleveland
convention or at subject’s home. Blood samples, except
those for whole blood, were centrifuged. Samples collected
in Cleveland were stored immediately at �20� C and
shipped to MB Clinical Research (Boca Raton, FL) where
they were stored at�80�C until further analysis. The sam-
ples collected in people’s homes were shipped with cold
packs (not frozen) to the MB Clinical Research and were
transferred to �80� C storage upon receipt.

Lipoproteins were measured in EDTA plasma on a clini-
cal chemistry analyzer (AU480 Clinical Chemistry Ana-
lyzer, Beckman Coulter, Inc., Brea CA). Cholesterol was
measured by an enzymatic procedure [9, 10] as specified
in the Olympus AU480 Procedural Insert (Cholesterol
OSR6116 and OSR6216). The intra- and inter-assay coeffi-
cient of variation (CV) were 2.0% and 2.8% respectively.
Triglycerides were measured by a series of coupled enzy-
matic reactions [11, 12] and as specified in the Olympus
AU400 Procedural Insert (Triglycerides OSR6033 and
OSR6133). The intra- and inter-assay CVs were 2.0% and
3.4% respectively. HDL cholesterol was measured by a
two-phase reaction with colorimetric endpoint detection
as specified in the Olympus AU480 Procedural Insert
(HDL-Cholesterol OSR6187 and OSR6287). The intra-
and inter-assay CVs were 3.0% and 5.0% respectively.
The Friedewald formula [13] was used to estimate LDL
cholesterol. Glucose was measured in serum on a clinical

chemistry analyzer, (AU480 Clinical Chemistry Analyzer,
Beckman Coulter, Inc., Brea CA) and as specified in the
Olympus AU480 Procedural Insert for glucose. The intra-
and inter-assay CVs were 2.0% and 3.4%, respectively.
HbA1c levelsweremeasuredusing the turbidimetric inhibi-
tion immunoassay (Tina-quant�, RocheDiagnostics, Man-
nheim, Germany). High sensitivity CRP and insulin were
measured in serum by solid-phase, two-site chemilumines-
cent immunometric assays using the IMMULITE 2000,
(Siemens Healthcare Diagnostics, Los Angeles, CA) and
according to Babson [14]. The intra- and inter-assay CVs
were 3.0% and 5.0% respectively for hsCRP and 5.8%
and 7.0% for insulin.

For the NHANES participants, total and HDL cholesterol
and triglycerides were analyzed using a Roche Modular P
chemistry analyzer (Roche Diagnostics, Indianapolis, IN).
Total andHDL cholesterol were analyzed regardless of fast-
ing status while triglycerides measurements were restricted
to the fasting morning sample of MEC participants. Serum
LDL cholesterol was calculated for those seen in morning
session only using the Friedewald calculation [13]. HbA1c
measurements were performed on the A1c G7HPLCGlyco-
hemoglobin Analyzer. Glucose measurements were per-
formed on the Roche Modular P chemistry analyzer (Roche
Diagnostics, Indianapolis, IN) using the hexokinase assay.
Fasting insulinwas analyzed usingMerocodia Insulin ELISA
kits.All analyses forglucoseand insulinwere restricted to the
MEC fasting morning sample. CRP was analyzed using a
Behring Nephelometer for quantitative determination.

Supplement assessment

The LTMDS participants answered an online medical and
supplement history questionnaire (MHQ) developed by
NutritionQuest (Berkeley, CA), indicating the frequency
and amount of dietary supplements they were consuming.
For NHANES participants, dietary supplement use was
assessed at the home visit using the Dietary Supplement
and Prescription Medication Section of the Sample Person
Questionnaire. This questionnaire collects self-report data
on supplement use during the previous 30days. To bemore
consistent with the MHQ supplement question regarding
weekly use of dietary supplements for the LTMDS partici-
pants, we required the NHANES participants to report con-
sumption at least 4 times in the last 30 days.

NHANES participants were classified into four supple-
ment groups: those reporting no dietary supplement (NS)
use, multivitamin/mineral supplement (MVMS) users (de-
fined as a single supplementwith� 10multivitaminormin-
erals), single supplement/single purpose supplement (SS)
users (defined as a single supplement containing 1–9 vita-
minsorminerals), and thosesubjects taking�2 supplement
pills per day (MDS users).
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Medication use

In the online MHQ, LTMDS participants were asked to list
all medications they were taking with specific questions
related to diabetesmedication. NHANES participants were
asked if theyhave takenprescriptionmedications in thepast
month [15]. Those who answer “yes” were asked to show
the container of the medications used and the interviewer
recorded the drug name andmatched it to an existing drug
in theMultum Lexicon Plus� database [16]. Each drug was
further classified into therapeutic and ingredient levels
using the database. We utilized the top tier classification
inwhich all drugs consumed fall into oneof the 17 therapeu-
tic categories. The LTMDS medication responses were
grouped into the same 17 categories for direct comparison.
Medications classified as hormone/hormone modifiers or
nutritional products were removed from all analyses. Any
category with less than 10% response was reclassified into
Miscellaneous Agents for both NHANES and LTMDS par-
ticipants, resulting ineightcategories.Thenumbersofmed-
ications were then summed across all drug categories to
obtain a total number of medications recorded per subject.

Covariates

Covariates included age, sex, income (<$40,000,
� $40,000, undisclosed), education level (�8th grade,
9–11th grade, high school, some college, and college gradu-
ate and above), body mass index (BMI, kg/m2), history of
cardiovascular disease (CVD), dietary fiber (g/day) and
energy (kcal/day) intakes, and lipid lowering and diabetes
medication use.

LTMDS participants completed electronic question-
naires pertaining to demographic information, physical
activity, health status, and medical history developed by
NutritionQuest (Berkeley, CA). Weight, height and waist
circumferenceweremeasuredat the clinical visit by trained
personnel. Diet was assessed in the LTMDS participants
using the 2014 Block FFQ (NutritionQuest, Berkeley, CA).
Data from this questionnaire was then analyzed by
NutritionQuest and specific nutrient and food group sum-
maries were derived.

For NHANES participants, information on demograph-
ics, health status, and medical history were obtained by
trained interviewersat thehomeandMECvisits, andheight
andweightweremeasuredby trainedpersonnel at theMEC
exam.NHANESparticipants’dietary intakeswere assessed
with a 24-hour recall using the USDA’s dietary data collec-
tion instrument, the Automated Multiple Pass Method.
Subjects were administered the initial recall in person. A
second recall was performed via telephone 3–10 days later.
Nutrient data for this analysis was derived from the MEC
(day 1) recall only.

Statistical analysis

LTMDS and NHANES data were combined for analysis. In
order to preserve complex samplingdesignofNHANES,we
incorporated the strata and primary sampling unit (PSU)
designations for NHANES participants and recalibrated
the sample weights as the original sample weight divided
by thesumof the sampleweightswithin thesupplement cat-
egory. The LTMDS sample was assigned one strata, and
each LTMDS subject was given a unique PSU and a weight
of 1/LTMDS sample size. This recalibration allowed for
equal weighting for each supplement group and more pre-
cise variance estimation but no longer provides estimates
that are considered nationally representative. We used
SUDAAN statistical software (RTI, Research Triangle
Park, North Carolina, USA) and SAS survey procedures
(SAS, Cary, North Carolina, USA) for all analyses to
account for the complex sampling design in the variance
estimates.

Participant characteristics were evaluated across five
supplement groups: NHANES NS, SS, MVMS and MDS
users, and LTMDS users. Categorical data are presented
as percentages and compared using chi-square and logistic
regression analyses. Continuousmeasures are presented as
least square means (LSMEANS) and compared by multiple
regression. Body composition and dietary variables were
adjusted for age and sex. Dietary fiber was additionally
adjusted for energy. Logarithmic transformations were
applied to highly skewed outcomes and geometric means
presented.

The relationships between theoutcomesandsupplement
use category were examined using analysis of covariance
(ANCOVA). Supplement use categories included the
LTMDS users and NHANES MDS, SS, and MVMS users
and those reporting no dietary supplement (NS) use. Statis-
tical comparisons were performed between the NS use cat-
egory and the four supplement user categories. We also
compared the LTMDS and NHANES MDS categories as
these groups were the most similar in terms of supplement
use behavior. To address potential confounding, we ad-
justed the main model for the following items: age, sex,
income, education level, BMI and history of CVD. A second
model had additional adjustment for dietary fiber intake
and energy intake. Cholesterol outcomes were additionally
adjusted for lipid lowering medication use and glucose and
insulin for diabetes medication use. For HbA1c, we also
tested for interactions between diabetes medication use
and supplement group using the same ANCOVA model
and based on the Wald statistic. Logarithmic and square
root transformations were applied to skewed outcomes
and results were transformed back to their original scale
for presentation. P values of < 0.05were considered statis-
tically significant.
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Results

Participant characteristics

Study participants in these analyses included 156 LTMDS
users who were combined with 2,310 NHANES 2007–10
participants. Many demographic and health-related char-
acteristics were associated with dietary supplement use
among the NHANES participants (table 1). NHANES SS
andMDSuserswereolder andmore likely tobe female than
the NS group, whereas MVMS users had higher average
income. The NS group had a significantly higher percent
of participants with less than a 9th grade education than
SS, MVMS, and MDS supplement users. The MVMS and
MDS users were more likely to take cholesterol-lowering
medication, MDS users less likely to take diabetes medica-
tions, SS andMDS users to have lower BMI, andMDS users
to consume more dietary fiber than the NS group. MVMS
and MDS also reported higher energy intakes compared
with the NS group.

The LTMDS study participants differ from the nationally
representative sample of NHANES 2007–10 NS users on
every demographic and health-related characteristic we
considered, except energy intake (table 1). In spite of limit-
ing the age and income range of the NHANES participants
to achieve a closer match with the LTMDS cohort, the
LTMDS participants were more likely to be older and have
higher incomes than theNHANESNSusers. Theyalsowere
more likely to be women, more educated, and less likely to
be taking medications for diabetes, hypertension or ele-
vated cholesterol, and they had lower BMI and higher
dietary fiber intakes. Similar differences were observed
between the LTMDS users and NHANES MDS users,
except that the proportion of women in LTMDS and MDS
user groups was not different and the LTMDS users also
reported a lower energy intake than the MDS users.

Supplement use and cardiometabolic risk
factors

None of the supplement groups had a significantly different
prevalence of diabetes relative to the NS group (table 2).
However, the percent of people with the elevated HbA1c
(�6.5%) was approximately 50% lower in LTMDS users
than the NS use group (P < 0.006). The SS users also had
a significantly lower percent of people with the elevated
HbA1c than the NS group (P < 0.02). Although we failed
todetect a significant interactionbetweendiabetesmedica-
tion use and supplement use categories, we stratified these
analysesbydiabetesmedicationusebecauseof theextreme
differences in prevalence of elevated HbA1c between
subjects taking and not taking diabetes medication. After

stratification, we observed that the associations between
supplement use and elevated HbA1c seen for the overall
study sample were present only among the LTMDS and
SS users not taking diabetes medication.

Many cardiometabolic biomarkers were beneficially
associated with supplement use (table 3). All of the vitamin
supplement use categories demonstrated significantly
lower LDL cholesterol compared with the NS users (P <
0.05). The MDS users had lower total cholesterol levels (P
= 0.05) compared with the NS user group, whereas the
LTMDS (P < 0.001) and MDS (P = 0.02) users had higher
HDL cholesterol relative to the NS group. LTMDS users
had a lower fasting glucose (P < 0.009), the MDS (P =
0.02) and SS (P = 0.01) groups had lower insulin, and the
MDS group (P =0.02) had lower CRP levels comparedwith
theNSgroup.LTMDSusersalsodemonstratedsignificantly
higher HDL cholesterol and significantly lower glucose
concentrations than the MDS users.

Supplement use and prevalence of
medication use

We considered the association between supplement use
and polypharmacy across eight medication categories
(table 4). For almost all medication categories, the LTMDS
group had amuch lower prevalence ofmedication use than
all NHANES supplement groups. Themedian (25th and 75th

percentiles) were 1.98 (0.69, 3.83) for the NS users, 2.50
(1.11, 3.88) for the SS users, 2.08 (0.95, 3.65) for the MVMS
users, 2.20 (1.00, 3.96) for theMDS users and 0.00 (0.00,
0.30) for the LTMDS users.

Discussion

This study was designed to examine if the potential car-
diometabolic benefits associated with the long-term use
ofmultipledietary supplements seen in theoriginalLTMDS
study by Block et al. [7], based on 20 or more years of mul-
tiple supplement use, persisted over time. The original
study observed that the LTMDS users had a lower total
cholesterol, triglycerides and CRP levels and higher HDL
cholesterol than the NHANES NS group. Ten years later,
after 30 or more years of MDS use, we again observed that
the LTMDS users had better cardiometabolic profiles rela-
tive to a similarly aged nationally representative sample of
non-supplement users from the 2007–2010NHANES.

Both our follow-up study and Block and colleagues’ orig-
inal study [7] observed that LTMDSusers hadahigherHDL
cholesterol levels relative to the NHANES NS users. How-
ever, there were also differences in the observed associa-
tions with other cardiometabolic risk factors over time.
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Total cholesterol was no longer significantly lower in the
LTMDS users in this follow-up although the basis for this
seems to be a lower mean total cholesterol in the NHANES
2007–10NSusers (201mg/dL) than in theNHANES 2001–
2002andNHANESIIINSusers (212mg/dL),whoservedas
the comparison group in the original Block et al. [7] study.
Triglycerides were also not significantly lower in the
LTMDS users relative to the NS users in the present study,
ashadbeenseen in theoriginal study,butaswith thecholes-
terol levels, the circulating triglyceride concentrations in
theNHANES2007–10NSusers (109mg/dL)were substan-
tially lower than reported by Block et al. in the NHANES
2001–2002 and NHANES III NS users (180 mg/dL). We
also did not replicate the lower CRP concentrations in the
LTMDS users seen by Block et al. but we could not directly
compare findingsof the twostudiesasweusedacutoff of 1.5
mg/L to define elevated CRP due to the highly skewed nat-
ure of this biomarker whereas Block and colleagues used
the mean to characterize CRP levels.

Weobserved a significant beneficial association between
LTMDS use and LDL cholesterol, which Block et al. [7] did
not observe, and a beneficial association between fasting

glucose concentrations and LTMDS use, which Block and
colleagues did not consider in the original study. We also
did not observe a significantly lower prevalence of diabetes
relative to the NHANES NS users as previously seen in the
original studyof theLTMDSusers,whichmaybedue inpart
to a small number of LTMDS users and a resulting low sta-
tistical power.

We also observed better metabolic profiles for supple-
ment users in the NHANES 2007–10 sample relative
to the NS group. The NHANES MDS users had signifi-
cantly higher HDL and lower LDL cholesterol, as well as
lower total cholesterol, insulin, and CRP concentrations
than NS users. The NHANES MVMS users had a signifi-
cantly lower LDL cholesterol levels and the SS users had a
significantly lowerprevalenceofelevatedHbA1c, and lower
LDL cholesterol and insulin levels than the NHANES NS
users.

Our findings suggest that dietary supplement use, partic-
ularly use of MDS, may provide cardiometabolic benefit,
consistent with the earlier observations in the LTMDS
cohort [7]. Our findings also support evidence from earlier
observational studies on dietary supplement use and

Table 1. Participant characteristics: weighted mean or percent (95% confidence intervals)

NHANES 2007-10

No supplement
use

Single supplement/
single purpose
supplement

Multi-vitamin/
mineral

supplement MDS1 LTMDS1

Sample N 866 199 298 947 156

Age (years)2 55.0 (54.0, 56.0) 58.9 (57.1, 60.6)3 54.3 (52.9, 55.8) 60.4 (59.6, 61.2)3 71.9 (70.7, 73.1)3,4

Female (%) 42.8 (39.5, 46.1) 59.3 (50.9, 67.8)3 46.1 (38.9, 53.3) 65 (61.4, 68.6)3 60.9 (53.2, 68.6)3

Hispanic (%) 0 0 0 0 1.8 (0.69, 4.8)

Income (%)

< $40.000 32.7 (26.5, 38.8) 31.3 (23.9, 38.8) 22.7 (16.7, 28.7)3 33.1 (28.9, 37.2) 6.4 (2.5, 10.3)3,4

> $40,000 61.8 (55.6, 68.0) 66.6 (59.6, 73.6) 70.3 (63.4, 77.2)3 61.7 (57.9, 65.4) 78.2 (71.7, 84.7)3,4

Refused 5.6 (4.1, 7.1) 2.1 (0.2, 4.0)3 7.0 (3.2, 10.7) 5.3 (3.3, 7.2) 15.4 (9.7, 21.1)3,4

Highest level of education (%)

Less than 9th grade 4.4 (2.4, 6.4) 2.3 (0.9, 3.6)3 2.5 (0.7, 4.3)3 2.2 (1.0, 3.5)3 0 (.,.)3,4

9-11th grade 9.6 (7.0, 12.2) 11.0 (5.3, 16.7) 5.5 (3.3, 7.7)3 8.4 (6.2, 10.5) 1.9 (0.0, 4.1)3,4

High school graduate 25.2 (22.0, 28.4) 24.2 (15.9, 32.5) 23.6 (16.9, 30.2) 25.1 (22.1, 28.2) 10.9 (6.0, 15.8)3,4

Some college 28.8 (25.1, 32.5) 25.4 (19.0, 31.8) 29.6 (22.8, 36.3) 27.8 (24.5, 31.1) 28.8 (21.7, 36.0)

College and above 32.0 (27.5, 36.5) 37.1 (27.4, 46.9) 38.9 (29.4, 48.3) 36.5 (32.1, 40.9) 58.3 (50.5, 66.1)3,4

Medication use

Diabetes (%)5 9.1 (6.3, 11.8) 8.5 (4.7, 12.3) 8.6 (4.5, 12.7) 5.6 (3.7, 7.5)3 1.0 (0.0, 3.9)3,4

Blood Pressure (%)5 40.2 (36.1, 44.3) 42.3 (35.3, 49.3) 45 (36.9, 53.1) 38.6 (35.4, 41.7) 0.0 (0.0, 5.4)3,4

Cholesterol (%)5 39 (34.7, 43.3) 46.8 (38.4, 55.1) 45.9 (40.8, 51.1)3 52.6 (48.9, 56.4)3 1.1 (0.0, 5.4)3,4

CVD (%)5 16.8 (14.2, 19.4) 15.5 (11.1, 19.8) 14.2 (10.9, 17.5) 14.0 (11.2, 16.8) 5.3 (0.3, 10.3)3,4

BMI (kg/m2)6 29.6 (29.0, 30.1) 28.5 (27.7, 29.4)3 29.0 (28.3, 29.6) 27.7 (27.2, 28.1)3 25.9 (25.2, 26.7)3,4

Fiber intake (g/day)7,8 14.7 (14, 15.5) 16 (14.7, 17.5) 15.1 (14.2, 16.1) 16.9 (16.2, 17.7)3 19.4 (18.3, 20.6)3,4

Energy (kcal/day)6,8 1799 (1735, 1864) 1863 (1754, 1978) 1937 (1868, 200)3 1930 (1870, 1993)3 1739 (1644, 1840)4

1MDS = multiple dietary supplement; LTMDS = long-term multiple dietary supplement. 2NHANES participants aged years 80 and over were top-coded at 80
years. 3Significantly different from the “No supplement use” category (p < 0.05). 4LTMDS significantly different from MDS (p < 0.05). 5Age and sex adjusted
means and 95% CI presented. 6Age and sex adjusted geometric means and 95% CIs presented. 7Age, sex and energy adjusted geometric means and 95% CIs
presented. 8Dietary data derived from the Block FFQ (2014, version 3) for LTMDS participants and 24-hour recall for NHANES participants.
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cardiometabolic risk [17–22], although it isbeyond the scope
of this paper to compare our present findings against all of
the evidence for and against a role of dietary supplement
use in cardiometabolic risk. The literature is too extensive
to review here given the large number of ingredients found
indietary supplements included in thiswork and the variety
of cardiometabolic risk markers considered.

There remain many who question health benefits of
dietary supplements apart from prevention of vitamin and
mineral deficiencies, based largely on the failure to demon-
strate efficacy inRCTsand theargument that theefficacyof
dietary supplements in disease prevention can only be
addressed using RCTs [4, 23, 24]. While RCTs are the gold
standard for scientific evidence for treatmentofdiseaseand
for determining the safety and efficacy of pharmaceutical
agents and other medical treatments, the use of RCTs to
study the role of dietary supplements in disease prevention,
particularly for active ingredients that are commonly con-
sumed through foods, is much more difficult than for
pharmaceuticals for many reasons [5, 6]. One critical issue

is the ubiquitous exposure to many components of dietary
supplements.Unlikepharmaceutical agents,most individu-
als areexposed to thenutrientsorother ingredients found in
dietary supplement on a daily basis through their diet so
identifying a truly unexposed placebo group is usually diffi-
cult at best. Because of contamination of the placebo group,
RCTs of supplements can end up as a comparison of supra-
physiological doses of nutrient intakes or placebo groups
with physiological intakes and/or adequate nutrient status
[25–27].

However, we also recognize, as seen in the present study,
that therearemanyhealthand lifestyledifferencesbetween
individuals who use and do not use dietary supplements.
Therefore, evidence from observational studies alone is
insufficient by itself to demonstrate health benefits of diet-
ary supplements.Consequently, in place of long-termRCTs
of dietary supplements anddisease outcomes,wemayneed
to rely on RCT evidence that dietary supplements can
affect intermediate risk factors. Such evidence from RCTs
of risk factors could then be coupled with evidence from

Table 2. Prevalence of diabetes and elevated HbA1c

NHANES 2007-10

No supplement
use (n = 862)1

Single supplement/single
purpose supplement (n = 198)

Multi-vitamin/mineral
supplement (n = 297)

MDS2

(n = 938)
LTMDS2

(n = 146)

Diabetes prevalence (%)3

Model 14 11.9 (9.6, 14.2) 12.5 (8.2, 16.7) 11.4 (6.9, 15.9) 11.5 (9.1, 13.9) 7.6 (3.1, 12.1)

P-value5 0.82 0.82 0.78 0.13

Model 26 12.1 (9.7, 14.5) 12.9 (8.3, 17.5) 11.5 (6.8, 16.2) 11.1 (8.7, 13.4) 7.2 (2.6, 11.8)

P-value5 0.75 0.79 0.53 0.09

Prevalence of elevated HbA1c (%)7

Model 18 9.3 (7.7, 10.9) 5.6 (3.3, 7.9) 9.3 (6.7, 11.8) 8.2 (6.8, 9.5) 4.7 (2.0, 7.5)9

P-value 0.02 0.97 0.32 0.006

Model 28 9.4 (7.7, 11.0) 5.7 (3.3, 8.1) 9.3 (6.7, 11.9) 7.8 (6.5, 9.2) 4.7 (2.0, 7.4)9

P-value 0.03 0.97 0.18 0.005

Prevalence of elevated
HbA1c (%)7 by diabetes
medication use Yes (n = 178)10

Model 1 72.0 (61.8, 82.3) 80.9 (60.6, 101.1) 77.2 (60.9, 93.4) 73.4 (64.1, 82.7) 74.3 (29.5, 119.2)

P-value 0.40 0.54 0.85 0.93

Model 2 69.3 (60.3, 78.4) 77.9 (62.5, 93.3) 79.8 (64.1, 95.6) 72.6 (63.2, 82.0) 85.7 (37.4, 134.0)

P-value 0.31 0.22 0.62 0.51

No (n = 2263)11

Model 1 5.5 (3.9, 7.2) 1.4 (0.0, 3.0) 4.6 (2.3, 6.9) 4.2 (3.0, 5.4) 0.5 (0.0, 2.9)9

P-value 0.003 0.49 0.2 0.001

Model 2 5.6 (3.8, 7.3) 1.4 (0.0, 3.2) 4.4 (2.2, 6.7) 4.0 (2.9, 5.1) 0.5 (0.0, 2.7)9

P-value 0.005 0.40 0.15 0.001

1HbA1c data were missing in all NHANES and LTMDS supplement use categories. 2MDS = multiple dietary supplement use; LTMDS = long-term multiple
dietary supplement use. 3Diabetes prevalence defined as HbA1c � 6.5, self-report of diabetes or diabetes medication use. 4Model 1: adjusted for age, sex,
income (<$40,000, � $40,000, undisclosed), education level (�8th grade, 9-11th grade, high school, some college, and college and above), BMI and history of
CVD. 5P-value for comparison to the “no supplement use” category. 6Model 2: Model 1 with additional adjustment for dietary fiber intake and energy intake.
7Elevated HbA1c defined as � 6.5%. 8Includes covariates as described for diabetes models with additional adjustment for diabetes medication use (y/n).
9LTMDS category significantly different from NHANES MDS category (P < 0.05). 10n per supplement use category: no supplement use, 82; single supplement/
single purpose supplement 18; multi-vitamin/mineral supplement 24; MDS 50; LTMDS 4. 11n per supplement use category: no supplement use, 780; single
supplement/ single purpose supplement 180; multi-vitamin/mineral supplement 273; MDS 888; LTMDS 142.
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longitudinal observational studies of these risk factors and
disease and RCTs of pharmacological agents demonstrat-
ing that modification of these same risk factors can affect
risk of disease outcomes.

As with all studies, the design of the present study has
both strengths and limitations. A major strength of the cur-
rent study is the unique LTMDS study sample, a well-
defined and well-documented sample of long-term users

Table 3. Cardiometabolic risk biomarkers: adjusted least square means and percentages (95% confidence intervals) by supplement group

NHANES 2007-10

Outcome
No supplement
use (n = 861)

Single supplement
or single
purpose

supplement
(n = 197)

Multi-vitamin/mineral
supplement
(n = 295)

MDS1

(n = 936)
LTMDS1

(n = 153)

Total Cholesterol (mg/dL)2

Model 13 201 (197, 206) 197 (192, 202) 195 (189, 200) 198 (194, 201) 200 (193, 208)

P-value4 0.18 0.09 0.050 0.780

Model 25 202 (198, 206) 196 (191, 202) 195 (189, 200) 197 (194, 201) 200 (193, 208)

P-value 0.09 0.07 0.02 0.69

HDL-Cholesterol (mg/dL)2

Model 1 52.0 (50.8, 53.3) 52.3 (50.3, 54.4) 53.1 (51.6, 54.7) 54.2 (53.3, 55.1) 60.0 (57.4, 62.7)6

P-value 0.82 0.12 0.02 <0.001

Model 2 52.2 (50.9, 53.4) 52.3 (50.3, 54.5) 53.2 (51.6, 54.9) 54.2 (53.3, 55.0) 60.1 (57.5, 62.8) 6

P-value 0.86 0.11 0.02 <0.001

Calculated LDL-Cholesterol (mg/dL)7,8

Model 1 122 (118, 126) 110 (104, 117) 113 (107, 119) 115 (111, 118) 112 (105, 119)

P-value 0.001 0.05 <0.001 0.03

Model 2 122 (118, 127) 110 (104, 117) 113 (107, 120) 115 (111, 118) 112 (105, 119)

P-value 0.001 0.05 <0.001 0.03

Triglycerides (mg/dL)2,8

Model 1 109 (104, 114) 113 (103, 123) 118 (107, 130) 106 (100, 112) 101 (92, 111)

P-value 0.53 0.13 0.56 0.23

Model 2 109 (104, 114) 112 (103, 123) 117 (106, 129) 107 (101, 113) 103 (94, 112)

P-value 0.59 0.189 0.64 0.30

Fasting Glucose (mg/dL)2,8

Model 1 105 (103, 106) 104 (100, 108) 106 (104, 109) 105 (103, 107) 100 (98, 103)6

P-value 0.64 0.26 0.78 0.009

Model 2 105 (103, 106) 104 (100, 108) 106 (103, 109) 105 (103, 107) 101 (98, 103) 6

P-value 0.71 0.35 0.88 0.03

Insulin (μIU/mL)2,8

Model 1 10.2 (9.4, 11.1) 8.4 (7.4, 9.6) 10.8 (9.9, 11.7) 9.1 (8.3, 9.9) 9.2 (8.1, 10.3)

P-value 0.01 0.39 0.02 0.17

Model 2 10.3 (9.4, 11.2) 8.4 (7.4, 9.6) 10.7 (9.9, 11.6) 9.1 (8.4, 9.9) 9.3 (8.3, 10.5)

P-value 0.009 0.51 0.02 0.24

C-reactive protein � 1.5 mg/L (%)

Model 1 57.0 (52.4, 61.6) 53.4 (46.5, 60.3) 54.9 (49.7, 60.1) 50.8 (47.9, 53.6) 48.4 (39.2, 57.6)

P-value 0.47 0.56 0.02 0.15

Model 2 56.3 (51.8, 60.7) 52.5 (45.9, 59.2) 54.3 (49.2, 59.5) 51.4 (48.3, 54.4) 48.4 (39.3, 57.4)

P-value 0.41 0.59 0.05 0.17

1MDS = multiple dietary supplement use; LTMDS = long-term multiple dietary supplement use. 2Geometric means and 95% CIs are presented. 3Model 1:
adjusted for age, sex, income (<$40,000, � $40,000, undisclosed), education level (�8th grade, 9-11th grade, high school, some college, and college and
above), BMI and history of CVD. Cholesterol outcomes have additional adjustment for lipid lowering medication use and glucose and insulin outcomes have
additional adjustment for diabetes medication use. 4P-value for comparison to the “no supplement use” category. 5Model 2: Model 1 with additional
adjustment for dietary fiber intake and energy intake. 6LTMDS category significantly different from NHANES MDS category at the 0.05 alpha level. 7Data
analyzed using square root transformation and back transformed to origorning subsample. 8Sample sizes for NHANES groups are as follows: No sup-
plement use n = 387, single supplement/single purpose n = 98, multivitamin n = 143, � 2 supplements per day n = 430.
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of multiple dietary supplement products. The initial intent
of this study was to follow-up the entire sample of partici-
pants in the initial LTMDS study of Block and colleagues
[7]. However, it was only possible to get follow-up inter-
views on 235 of the 278 participants (85%) in the initial
LTMDS study. Although the returning LTMDS users who
participated in this follow-up study appeared to be in good
metabolic health relative to a nationally representative
sample of individuals who did not use dietary supplements,
we could not determine the health or vital status on the 15%
of the sample that we did not study.

There are additional limitations to the present study and
its findings. The LTMDS groups differed in many aspects
(such as race, ethnicity, income, education, smoking, diet-
ary supplement use) from the general US population, even
after we restricted and stratified in selection of the
NHANES sample based on the LTMDS sample characteris-
tics tomake itmore comparable to theLTMDSparticipants.
We also attempted to account formany of those differences
in our statistical analyses, but it is possible that we have not
identified or accounted for important differences in health
determinants between the LTMDS sample and the general
US population. While we also restricted on age, as the age
range of the LTMDS users was 50 to 89 years (mean age
72 years), we restricted our NHANES participants to be
40 years or above for comparison to the LTMDS sample
because of the NHANES sampling scheme and associated
weighting. This resulted in different mean ages in the
LTMDS users and the NHANES comparison groups with
the mean ages ranging from 54 years in the MVMS users
to 60 years in the MDS users. The lower mean ages in the
NHANESgroupsmightalsobeaconsequenceof the trunca-
tion of the age range at 80 years in the NHANES for partic-
ipants who were older than 80 years [28]. Although we
adjusted for age in the statistical models, there may have
been some residual effect of this age difference. However,

any residual confounding by age would likely result in even
greater beneficial differences in cardiometabolic risk for
the LTMDS users, as they were older than the NHANES
comparison groups.

Wemustalsoconsider thepossibility that supplementuse
may be a simple marker for a healthy lifestyle. This limita-
tion affects not only the comparison of the LTMDS users
to the NHANES NS and MDS groups but also the compar-
isons between the NHANES supplement use groups and
the NS group. We attempted to account for possible con-
founding by adjustment for important factors such as age,
education, income and BMI, which are associated with life-
style, but the many important lifestyle factor such as physi-
cal activity were not available in the LTMDS cohort. Thus,
we cannot rule out residual confounding based on lifestyle
differences between individuals who use and do not use
dietary supplements.Given thediversenatureof thedietary
supplements consumed by the LTMDS andNHANESMDS
groups and the number of vitamins and minerals in the
MVMS group, we cannot identify which products may be
associated with the healthier metabolic profiles in these
groups relative to the NS group. Finally, the frequency of
medication use was lower in the LTMDS group than all of
the NHANES supplement groups; however, the different
manner in which medication use was prompted for in the
respective studies could have resulted in a lower observed
prevalence of medication use in the LTMDS participants.

We have examined the metabolic health biomarker pro-
files for a well-documented cohort of LTMDS users who
used MDS for 30 years or more, and demonstrated that
some, but not all, of the metabolic benefit associated with
the LTMDS in an earlier examination of this cohort per-
sisted with age over an additional 10 year follow-up. The
LTMDS and MDS users’ overall metabolic health profiles
were also better thana representative sample of theUSpop-
ulation from NHANES who were not currently using any

Table 4. Number (and percent) of medication use by supplement category

NHANES 2007-10

Medication type
No supplement
use (n = 609)

Single supplement
or single purpose

supplement (n = 158)
Multi-vitamin/mineral
supplement (n = 224)

MDS1

(n = 786)
LTMDS1

(n = 156)

Cardiovascular 383 (36.9) 105 (41.8) 144 (41.0) 492 (45.3) 22 (14.1)

CNS Agents 206 (19.9) 62 (28.0) 75 (22.6) 262 (26.2) 4 (2.6)

Coagulation Modifiers 70 (5.4) 23 (7.4) 17 (4.0) 75 (5.5) 7 (4.5)

GI Agents 134 (13.4) 34 (14.2) 50 (16.9) 210 (21.2) 5 (3.2)

Metabolic 270 (24.89) 84 (35.8) 109 (31.3) 413 (38.7) 13 (8.3)

Psychotherapeutic 125 (13.8) 30 (16.8) 43 (13.7) 152 (17.4) 1 (0.6)

Respiratory 84 (8.8) 18 (7.9) 31 (10.5) 109 (11.2) 3 (1.9)

Miscellaneous 112 (12.1) 39 (19.5) 56 (19.) 185 (19.1) 13 (8.3)

Number of self-reported medications2 1.98 (0.69, 3.83) 2.50 (1.11, 3.88) 2.08 (0.95, 3.65) 2.2 (1.00, 3.96) 0 (0.00, 0.30)

1Abbreviations: MDS = multiple dietary supplement use; LTMDS = long-term multiple dietary supplement use. 2Median (25th, 75th percentiles)

�2021 Hogrefe AG. Distributed under the Hogrefe OpenMind Int J Vitam Nutr Res (2021), 1–11
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dietary supplements. There were also beneficial associa-
tions observed between biomarkers of cardiometabolic
health and supplement use among the NHANES SS and
MVMS users relative to those not using dietary supple-
ments. These findings add to evidence that use of dietary
supplements, particularly MDS use, may provide car-
diometabolic health benefits resulting in a lower risk of dia-
betes and cardiovascular disease.
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