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Abstract

PURPOSE—To describe population and survival characteristics in non-vitamin, non-mineral
(NVNM) supplement users in a population-based cohort study.

METHODS—People from 43 to 86 years of age living in Beaver Dam, Wisconsin participated in a
baseline examination in 1988-1990 (n=4,926) and three follow-up examinations at 5-year intervals
(n=3,722, 2,962, 2,375 at each prospective examination). Medication and supplement use, medical
and lifestyle factors were collected during the examination and survival was monitored through 2002.

RESULTS—NVNM supplement use increased from 5% at baseline, to 6% at the second, to 21%
at the third to 30% at the fourth examination. In general, younger age, vitamin or mineral use, and
taking more medications was directly related to NVNM supplement use, while current smoking and
history of other systemic diseases (e.g., cardiovascular disease, cancer) was inversely related to
NVNM supplement use. After adjusting for age, sex, and other medical and lifestyle factors, users
of NVNM supplements had lower mortality (hazard ratio=0.74, 95% confidence interval; 0.57, 0.95,
p=0.02) than non-users.

CONCLUSIONS—NVNM supplement users had a healthier lifestyle and fewer co-morbid medical
conditions and were more likely to survive after adjusting for these factors than non-users.
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Use of non-vitamin, non-mineral (NVNM) supplements is increasing;l‘3 estimates of the
prevalence of use since 1988 in the United States have ranged from 3% to 33% with higher
prevalence shown in more recent studies.2~14 Differences in definition of NVNM
supplements, population demographics, and year of study make these estimates difficult to
compare. Studies suggest that these supplements are most often used as a complement to
conventional medical care in the United States.13:15 The majority of studies have found that
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users compared to non-users of NVNM supplements have a healthier lifestyle (e.g., non-
smoking, exercising, consuming a “healthy” die'?.5’9’12’13 Prevalence of NVNM supplement
use has been shown to be higher in women,>9:13 middle versus young or old age,57 12,13
and among persons living in the West or Midwest versus other parts of the United States.”

The aforementioned studies lacked follow-up information to monitor changes in usage over
time. Also, there are no known population-based studies investigating survival among users
versus non-users of NVNM supplements. We have the opportunity to investigate changes in
prevalent use of these supplements, as well as possible changes in associations of such use with
demographic and personal characteristics, among users and non-users of NVNM supplements
at four examination phases coursing over 15 years in a population-based cohort study. In
addition, we investigate survival associated with such use over this interval.

MATERIALS AND METHODS

Population

Procedures

A private census of Beaver Dam, Wisconsin, was performed in 1987-1988 to identify all
eligible residents.16 Of the 5,924 eligible, 4,926 (83%) persons 43—-86 years of age participated
in the baseline examination in 1988-1990. Ninety-nine percent of the population was white
and 56% were female. The cohort was re-examined at 5- (n=3,722), 10- (n=2,962), and 15-
year (n=2,375) follow-up examinations. There was greater than 80% participation among
survivors at each examination.16-19 Differences between participants and non-participants
have been presented elsewhere.16-19 | general, participants at each examination phase were
younger, had lower blood pressure, and had fewer co-morbid conditions than non-participants.
All data were collected with Institutional Review Board approval from the University of
Wisconsin-Madison in conformity with all federal and state laws, and the study was in
adherence to the tenets of the Declaration of Helsinki.

Participants were examined at the study suite in a local hospital, nursing home, or in their
homes. The same protocols for measurements relevant to this investigation were used at each
examination.20 Height, weight, and blood pressures were measured. Non-fasting blood
specimens were collected for measurement of serum cholesterol (total and high density
lipoprotein [HDL]) and measurement of serum glucose and glycosylated hemoglobin to aid in
defining diabetes status.20 Medical and lifestyle information was obtained at a face-to-face
interview.

All medications and supplements (prescription and over the counter) currently being taken by
the participant were brought to the examination. The generic (or active ingredient) or brand
name was recorded separately for regular (at least once per week) and occasional use (less than
once per week). If medications were not brought to the examination, a follow-up telephone
call was made. Non-vitamin, non-mineral supplements included herbal preparations and other
botanicals, amino acids, other dietary supplements not approved by the Food and Drug
Administration, or any combination of the above with other supplements.21 The majority of
NVNM supplements were taken at least once per week. We include occasional use (less than
once per week) in our definition because exclusion of this category did not alter the results
(data not shown).

Deaths were confirmed with cause of death information obtained through matching to the
Wisconsin Department of Health and Family Services or the National Death Index for all
known deaths as well as persons with whom we had lost contact. We ascertained mortality
between the baseline examination and December 31, 2002.
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Frequencies, t-tests, chi-squared tests, and logistic regression were used to calculate prevalence
and associations with NVNM supplement use. In the logistic regression models, the probability
of being a user of NVNM supplements was calculated. Age at the baseline examination in
categories (43-54, 55-64, 65—74, and 75-86 years) and sex were included in each model. Step-
wise procedures were used to determine which other variables to include in the models. For
comparability, in the final models we included all covariates that were statistically significant
at any of the four examinations.

Cox hazard regression was used to model survival. We incorporated the changing usage pattern
of NVNM supplements and other relevant confounding variables into the modeling as follows.
First, separate models were used to model each 5-year interval between examination phases
(i.e., baseline until the time of the 5-year follow-up; 5-year follow-up to the time of the 10-
year follow-up; and 10-year follow-up until death or censoring at the end of December 2002).
The covariates were updated to their current values at the start of each interval using time-
varying covariate techniques.22 Specifically, these models were combined into a single model
using a strata variable for the 5-year interval in the PHREG procedure of SAS version 9.1.23
Models first controlled for age (continuous) and sex and then were further adjusted for vitamin
and mineral use, history of arthritis, cardiovascular disease, emphysema, smoking, cancer,
diabetes, level of education, body mass index (<25, 25-29.9, 30+ kg/m?), systolic blood
pressure, sedentary lifestyle, and total to HDL cholesterol. SAS, version 9 was used for all
analyses.23

Prevalence of use of NVNM supplements

The prevalence of use of NVNM supplements increased from 5% at the 1988-1990
examination to 30% at the 2003—-2005 examination (Table 1). Lecithin, garlic, omega-3 fatty
acids, ginseng, glucosamine, ginkgo biloba, and saw palmetto were the most commonly used
NVNM supplements. Use of lecithin remained fairly consistent at each examination, while all
other NVNM supplements had increased use at later examinations. At the 1988-1990 and
1993-1995 examination, garlic and lecithin were the most commonly used NVNM
supplements. At the 1998-2000 examination, garlic remained the most commonly used NVNM
supplement, but glucosamine, ginkgo biloba, and ginseng were now more commonly used than
lecithin. Increasing use of glucosamine and omega-3 fatty acids continued at the 2003-2005
examination.

Cross-sectional associations

Unadjusted population characteristics at each examination by NVNM use are shown in Table
2. In this crude analysis, younger age was associated with NVNM use at the last two
examinations. Women used NVNM supplements more frequently than men, but the association
was only significantly different at the last two examinations. Persons with higher household
income and more education were more likely to use NVNM supplements at the last two
examinations, but not at earlier examinations. Vitamin and mineral use and taking more
medications were associated with NVNM use at all examinations. A history of sedentary
behavior, currently smoking, and hypertension were less likely to be associated with taking
NVNM supplements at most examinations. Few other consistently significant patterns
occurred for other characteristics (Table 2).

All variables in Table 2 were entered into logistic regression models and step-wise procedures
were used to determine significant associations with NVNM supplement use. The final models
include all variables that were significant (p<0.05) at any of the four examinations (Table 3).
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Atthe 1988-1990 (baseline) examination, NVNM use was significantly and directly associated
with use of vitamins, minerals, number of other medications used and inversely associated with
a history of cigarette smoking or having other chronic medical conditions (e.g., gout,
cardiovascular disease). At the 1993-1995 (second) examination, NVNM use was directly
associated with use of vitamins and number of other medications used and inversely associated
with being a woman or having chronic medical conditions. At the 1998-2000 (third)
examination, NVNM use was directly associated with use of vitamins, minerals, number of
other medications used, history of arthritis and inversely with age, a history of currently
smoking, hypertension, or having other chronic medical conditions. At the 2003-2005 (fourth)
examination, NVNM use was directly associated with use of vitamins, minerals, number of
other medications used, history of arthritis, history of heavy drinking and inversely associated
with age, a history of sedentary behavior, currently smoking, or hypertension. Other variables
listed in Table 2 were not significant in the multivariate models (data not shown).

Associations with Survival

About 32% (n=1,576) of the baseline population had died prior to December 31, 2002. Within
each 5-year interval, after controlling for age and sex, the hazard for dying was lower for users
of NVNM supplements than non-users but was only statistically significant from the 5 to 10-
year interval (Figure 1). Combining these intervals into a single model, NVNM use was
associated with a significant reduction in mortality, after controlling for age and sex (hazard
ratio [HR]=0.73, 95 percent confidence interval [CI]: 0.58, 0.91). The magnitude of the
relationship was similar after multivariate adjustment for other lifestyle and medical factors
(HR=0.74, 95 percent CI: 0.57, 0.95).

We investigated the most common specific NVNM supplements and their associations with
survival using a similar modeling approach. There were no significant relationships with any
of the specific NVNM supplements (Figure 2). However the hazard ratios were less than 1 for
all supplements except for ginseng and omega-3 fatty acids.

DISCUSSION

In this study of adults aged 43-86 years at baseline, we found an increase from 5% at baseline
to 6% at the second to 21% at the third to 30% at the fourth examination in use of NVNM
supplements. We found the greatest increase in NVNM use occurred at the examination
following the adoption of the Dietary Supplement Health and Education Act of 1994 which
permitted herbal products, vitamins, and minerals to be regulated as foods and not be subject
to criteria for drug or food additive approval.21'24 Low prevalence of use of these supplements
prior to this Act has also been shown by Eisenberg.4 We are unaware of studies with data
collected after 2002 to compare with the prevalence of 30% that we found at the 2003-2005
examination in this study. Nevertheless, it seems likely from this and other studies? 34 that
use of NVNM supplements is continuing to rise. Since relative risks and benefits of use of
these preparations are not well defined, further study of persons using these preparations is
warranted.

At the first two examinations, there were relatively few users. That, in part, may account for
the relatively few significant associations we found compared to the findings for the last two
examinations. However, there were similar odds ratios among the four visits for many of the
factors correlated with NVNM use (e.g., more frequent use of vitamins, minerals, and other

medications and less frequent use in those with a history of currently smoking and those with
hypertension and chronic medical conditions other than a history of arthritis). We did not find
a consistent association of higher NVNM use in women compared to men, while others have
reported such an association. 9,13 Allso, while self-reported income and higher educational

attainment have been associated with use in other studies, 912,13 neither was significant in
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multivariable analyses in our study. It is possible that persons of other ethnicities or cultures
or socio-economic status are more (or less) likely to use NVNM supplements than in the Beaver
Dam population.

Similar to findings of use of Complementary and Alternative Medicines (CAM),ll?’-25 a
broader class of therapies that includes NVNM supplements, younger age was associated with
use. We did not obtain information on reasons for use, so we can only speculate as to the reasons
behind the age effect. There may have been greater exposure to advertising of NVNM
supplements to younger persons. Persons with systemic chronic conditions were less likely to
be NVNM users, and these persons were likely to be older. In a recent study, Wheaton reported
that the majority of persons using these supplements were using them to maintain health rather
than to treat or prevent illness. 13 This may suggest that persons with systemic conditions may
not be using NVNM supplements because of the lack of efficacy of such treatment for their
medical conditions.

There are likely to be different reasons for use of the specific NVNM supplements. For
example, persons with joint or skeletal complaints due to arthritis may be taking glucosamine
for their symptoms,26 while those who take omega-3 fatty acids may take these preparations
to prevent cardiovascular disease.2’ The (inferred) reasons may be a combination of these as,
for example, garlic has been touted as a prevention and a treatment for hypertension and
atherosclerotic heart disease.28

We found that users of vitamins and minerals were more likely to use NVNM supplements
suggesting that these persons may be more health conscious than non-users. The finding of
better survival among NVNM users is consistent with this notion. It is also possible that the
anti-oxidant, anti-inflammatory, and anti-platelet properties in some of the NVNM
supplements may be causally related to survival. No single NVNM supplement was
significantly associated with survival after multivariate adjustment, although the hazards were
suggestive for some. That use of any NVNM was significantly protective may be related to
additive effects of some of these preparations. An alternative explanation is that unmeasured
lifestyle exposures rather than biological actions of the supplements may be the important
protective exposures. Great caution should be taken as this finding should not be interpreted
as causal.

Strengths of this study include a high participation rate (>80% at all examinations), large
sample size, longitudinal follow-up, and unbiased data collection methods. A possible
limitation is that the population under study is from a Midwestern community of mostly
Caucasian Americans, and this may have influenced our findings, although we cannot be sure
that the frequency of use of NVNM and the relationships we found are associated with living
in a rural community or with a specific ethnicity. Other limitations are that information on dose
and duration of NVNM use and reasons for use were not obtained and these may influence the
results we report.

In summary, NVNM supplement use has drastically increased in prevalence from 5% in 1988-
2000 to 30% in 2003-2005, and in general, users of NVNM supplements had a healthier profile
and were more likely to survive than non-users.
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Figure 1.
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Associations of non-vitamin, non-mineral (NVNM) supplement use with all cause-mortality.
Age and sex adjusted hazard ratios and 95 percent confidence intervals are plotted for each
interval between examinations and then combined together using a time-varying covariate
approach (see statistical methods section for complete details). A final multivariate model is

presented in the bottom row.

* MV: multivariate adjusted for age (continuous), sex, vitamin and mineral use, history of
arthritis, cardiovascular disease, emphysema, smoking, cancer, diabetes, level of educational
attainment, body mass index (<25, 25-29.9, 30+ kg/m?), systolic blood pressure, sedentary

lifestyle behavior, and total to high density lipoprotein serum cholesterol.
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Figure 2.

Associations of the most common reported non-vitamin, non-mineral (NVNM) supplements
with all cause-mortality. Multivariate adjusted hazard ratios and 95 percent confidence
intervals combining the hazards from each 5-year interval (see statistical methods) are plotted.
The models adjusted for age (continuous), sex, vitamin and mineral use, history of arthritis,
cardiovascular disease, emphysema, smoking, cancer, diabetes, level of educational
attainment, body mass index (<25, 25-29.9, 30+ kg/m?), systolic blood pressure, sedentary
lifestyle behavior, and total to high density lipoprotein serum cholesterol.
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Prevalence of non-vitamin, non-mineral supplements at four examination phases in the Beaver Dam Eye Study.

1988-1990

%

. (N=4,926)

Any NVNM supplement 53
Lecithin 1.6
Garlic 1.0
Omega-3 fatty acid 0.3
Ginseng 0.2
Glucosamine 0
Ginkgo biloba 0
Saw Palmetto 0

Abbreviations: N=number of participants at each examination phase; NVNM=non-vitamin, non-mineral

1993-1995
%
(N=3,722)
6.3

16

2.7

03

05

0

02

0.1

1998-2000
%
(N=2,962)
205

1.8

6.1

1.0

2.0

5.4

43

15

2003-2005
%
(N=2,375)
30.3

1.7

55

5.8

1.9

13.2

2.9

23

*
NVNM supplements included herbal preparations and other botanicals, amino acids, other dietary supplements not approved by the Food and Drug
Administration, or any combination of the above with other supplements.
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