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no prior research has investigated how these products may disproportionately burden individuals and families
by gender and socioeconomic position across households. We investigated household (HH) cost burden of die-
tary supplements sold for WL, MB, and SF in a cross-sectional study using data from 60,538 U.S. households
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Weight loss plements and expenditures as proportions of total annual HH income. We examined sociodemographic patterns

in HH expenditures using Wald tests of mean differences across subgroups. Among HH with any expenditures on
WL, MB, or SF supplements, annual HH first and ninth expenditure deciles were, respectively: WL $5.99, $145.36;
MB $6.99, $141.93; and SF $4.98, $88.52. Conditional on any purchases of the products, female-male-headed HH
spent more on WL supplements and male-headed HH spend more on MB and SF supplements compared to other
HH types (p-values < 0.01). High-income ($30,000 < annual income < $100,000), compared to low-income (an-
nual income < $30,000) HH, spent more on all three supplements types (p-values < 0.01); however, proportional
to income, low-income HH spent 2-4 times more than high-income HH on WL and MB supplements (p-values <
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0.01). Dietary supplements sold for WL, MB, and SF disproportionately burden HH by income and gender.
© 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The dietary supplement industry in the United States is a growing,
multi-billion dollar industry. Dietary supplements, which include vita-
mins, minerals, herbs, and amino acids, are widely used by adults and
children of all ages. In fact, Americans spent an estimated $36.7 billion
on dietary supplements in 2014 (Anonymous, 2015). Dietary supple-
ments sold for weight loss, muscle building, and sexual function are
commonly used. Americans spent $2 billion in 2015 on dietary supple-
ments for weight loss (Anonymous, 2014 ), which is among the most
common reasons for dietary supplement use (Bailey et al., 2013). Amer-
icans spent $2.6 billion on muscle-building products in 2015 (McKenna,
2015). There is also a substantial market for dietary supplements prom-
ising enhanced sexual function. Recently, one manufacturer was found
to produce over one million capsules per month of a supplement sold
for sexual functioning, netting more than $2 million dollars in three
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years. The global sexual-function supplement industry likely generates
tens of millions, if not billions, of dollars yearly (Canham, 2011; Cohen
and Venhuis, 2013; Szalavitz, 2013).

Despite their widespread use, dietary supplements for weight loss,
muscle building, and sexual function are not medically recommended
and have been shown to be ineffective in many cases (Steffen et al.,
2007; Roerig et al., 2003; Blanck et al., 2007) and to pose serious health
risks to consumers due to adulteration with banned substances, pre-
scription pharmaceuticals, and other dangerous chemicals (U.S. Food
and Drug Administration, 2017; U.S. Food and Drug Administration,
2010; Cui et al.,, 2015). In fact, the U.S. Food and Drug Administration
has been well aware of this heightened risk for many years, and in
2010 issued a special warning to consumers regarding supplements
sold for weight loss, muscle building, and sexual function as being
more likely than other supplements to be deceptively marketed and
tainted with toxic ingredients (U.S. Food and Drug Administration,
2010). Effects with adverse health consequences can include for
weight-loss supplements: chronic diarrhea and constipation, dehydra-
tion, hypokalemia, metabolic acidosis, and other electrolyte imbalances,
cardiac arrhythmia, hemorrhagic and ischemic stroke, hepatic and renal

2211-3355/© 2017 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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failure; (Steffen et al., 2007; Roerig et al., 2003; Schneider, 2003;
Copeland, 1994; Tozzi et al., 2006; Vanderperren et al., 2005; Crow,
2005) for muscle-building supplements: infertility, testicular cancer,
stunted growth, coronary artery disease, pulmonary embolism;
(Liyanage and Kodali, 2014; Li et al., 2015) and for sexual-function sup-
plements: changes in blood pressure, hypomania, insomnia, anxiety, ir-
ritability, nausea, headaches, loss of consciousness, seizures (Cohen and
Venhuis, 2013; Corazza et al., 2014).

With the serious health risks of dietary supplements sold for weight
loss, muscle building, and sexual function well-documented, there is
concern that economic costs of these products may disproportionately
burden individuals and families by gender and socioeconomic position.
A recent national study found 21% of women and 10% of men had used
weight-loss supplements at some point in their lives, with women ages
18-34 years having the highest rate of past year use at 17%, affecting
many millions of Americans (Blanck et al., 2007). A different study
assessing use of muscle-building products among adolescents found
that 35% of boys had used protein powder in the past year and 11%
had used other products including dietary supplements sold for mus-
cle-building. On the other hand, 21% of girls had used protein powder
in the past year and 6% had used other products including supplements
sold for muscle-building (Eisenberg et al.,, 2012).

In the U.S. nationally representative National Health and Nutrition
Examination Survey, Kakinami and colleagues found that compared to
adults in high-income households, those in low-to-middle income
households were more likely to use weight-loss strategies in the past
year inconsistent with medical recommendations, such using as non-
prescription diet pills, which are likely to include dietary supplements,
as they comprise the vast majority of over-the-counter diet pills on
the U.S. market (Kakinami et al., 2014). In another nationally represen-
tative study of U.S. adults, Pillitteri and colleagues similarly found that
among adults who had ever attempted to lose weight, those in low-
to-middle income households were more likely than those in higher-in-
come households to use dietary supplements for weight loss (42% vs.
30%) (Pillitteri et al., 2008). They also found in this same sample that
adults with high school or less education were more likely than those
with at least some college education to use dietary supplements for
weight loss (38% vs. 31%) and found higher use among African American
(49%) and Latino (42%) adults compared to white adults (31%) (Pillitteri
et al., 2008). We are not aware of any studies assessing the association
between income and dietary supplement use for muscle building or
sexual function.

Given these gaps in the literature, the objectives of our study were to
estimate the proportion of household income in the United States spent
on dietary supplements sold for weight loss, muscle building, and sexual
function as related to gender of household head and household annual
income.

2. Methods

The primary data source, from which information on U.S. household
purchases of dietary supplements was aggregated, was the observation-
al 2012 Nielsen/IRi National Consumer Panel (NCP) (Nielsen/IRi, 2012).
The dataset, administered by the Kilts Center at the University of Chica-
go, is a sample of >60,000 U.S. households that in 2012 were asked to
provide complete information on household purchases labeled with a
scannable universal product codes (UPC). The NCP draws from all U.S.
states and major metropolitan areas, which allowed us to produce na-
tional-level projections using NCP-calculated projection factors. The
NCP database includes no identifiable information; therefore, this
study is not considered human subjects research.

To augment information on dietary supplements listed in the NCP as
having been purchased by participating households, we collected data
on products with packaging and advertising making claims in at least
one of three categories: weight loss, muscle building, or sexual function.
To identify these characteristics, we conducted web searches by UPC,

product brand, and product description, registering whether each prod-
uct included each claim. The collected product claims data were merged
into the NCP at the product level by matching collected UPCs with those
recorded in the NCP database, at the product level. Then, all purchases
for each household, as identified in the UPC merge, were aggregated ac-
cording to the relevant measure, e.g., sum for total expenditure or an in-
dicator value for any expenditure. This was done separately for each
claim-type category. The analytic sample consisted of 60,538 house-
holds, which is all households included in the 2012 panel year.

The primary measure of interest is household-level expenditures
within each product category during 2012. As described below, we
also analyzed this measure across household types according to the
gender(s) of the household head(s) and annual household income.
There were 15,796 households reporting a female head only, 6112
reporting a male head only, and 38,630 reporting a female and male
head. In addition, 13,470 households reported earning less than
$30,000 in the prior tax year and 47,068 households reported earning
more than $30,000 in the prior tax year.

Household-level expenditures were summarized in two ways.
Whether or not a household purchased a product in a particular catego-
ry (e.g., weight loss, muscle building, or sexual function) were coded as
1 or 0, so the estimated means represent percent of households
reporting any purchases. Statistics that report conditional expenditure
are calculated as mean values, conditional on a household having
made any purchases of a product in one of the three dietary supplement
categories under study (i.e., weight loss, muscle building, or sexual func-
tion). Thus, conditional estimates were based on the subset of the
household population that purchased at least one product in a category.
In addition, household expenditure greater than or equal to $250 on
weight-loss (N = 659), muscle-building (N = 362), or sexual-function
(N = 27) products were considered outliers and removed for relevant
product type.

To prepare for estimates of a household's income share that was
spent on products in each category, household income was imputed
as the midpoint of the reported household income category. Recorded
income category increments ranged from $3000 (for low income cate-
gories) to $20,000 (for high income categories), and the highest income
category in the NCP database was $100,000 or more. Because the
highest income category did not have a midpoint, households in this
category (N = 9039) were excluded from income share estimates.

All analyses were cross-sectional, and statistics are reported in both
weighted and unweighted estimates. Weighted estimates were con-
structed using projection factors provided by NCP, where the primary
sampling unit was the household-year, and the sample was stratified
by markets and census regions. We examined differences in weighted
estimates using Wald tests. Some of the difference estimates may not
satisfy the normality assumption of the Wald test; therefore, we also re-
port results using unweighted estimates and corresponding nonpara-
metric Wilcoxon-Mann-Whitney tests that the samples are drawn
from the from the same population.

As sensitivity analyses, we compared findings from analytic sample
when outliers were removed, as described above, to findings when out-
liers were retained. Associations were not qualitatively different; there-
fore, results presented are based on the analytic sample exclusive of
outliers.

3. Results

Table 1 presents estimates of the percent of households purchasing
any products, and household expenditures conditional on any pur-
chases, for each of the three supplement categories and each household
head type. Among households with any expenditures on weight- loss,
muscle-building, or sexual-function supplements, annual households
first and ninth expenditure deciles were: weight loss $5.99 and
$145.36; muscle building $6.99 and $141.93; and sexual function
$4.98 and $88.52. In Fig. 1, panels A-C present the monthly expenditure
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Table 1

Household expenditure on dietary supplements sold for weight loss, muscle building, and sexual function by household head.
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Female head only Male head only Female and male head

Weight loss Any purchases (weighted) 21.3% 16.2% 20.6%
Wald p-value 0.000 0.254
N 60,538 60,538 60,538
Any purchases (unweighted) 21.4% 15.7% 22.3%
Wilcoxon-Mann-Whitney p-value 0.000 0.030
N 15,796 6112 38,630
Conditional expenditure (weighted) $58.06 $63.95 $62.18
Wald p-value 0.339 0.267
N 12,962 12,962 12,962
Conditional expenditure (unweighted) $65.59 $61.92 $66.56
Wilcoxon-Mann-Whitney p-value 0.986 0.012
N 3388 960 8614

Muscle building Any purchases (weighted) 11.4% 13.2% 13.4%
Wald p-value 0.005 0.685
N 60,538 60,538 60,538
Any purchases (unweighted) 11.3% 12.4% 13.5%
Wilcoxon-Mann-Whitney p-value 0.028 0.023
N 15,796 6112 38,630
Conditional expenditure (weighted) $51.49 $88.66 $58.99
Wald p-value 0.000 0.000
N 7751 7751 7751
Conditional expenditure (unweighted) $54.41 $89.13 $63.54
Wilcoxon-Mann-Whitney p-value 0.000 0.042
N 1791 758 5202

Sexual function Any purchases (weighted) 0.9% 2.8% 2.0%
Wald p-value 0.000 0.003
N 60,538 60,538 60,538
Any purchases (unweighted) 0.8% 2.8% 2.0%
Wilcoxon-Mann-Whitney p-value 0.000 0.000
N 15,796 6112 38,630
Conditional expenditure (weighted) $33.35 $71.66 $38.17
Wald p-value N/A? N/A?
N 1073 1073 1073
Conditional expenditure (unweighted) $30.87 $67.98 $41.21
Wilcoxon-Mann-Whitney p-value 0.000 0.012
N 128 169 776

¢ Missing standard errors because of stratum with single sampling unit.

of households on weight-loss, muscle-building, and sexual-function
products, respectively, by household head type among households
that purchased the products.

Households with a female head only were most likely to purchase
weight-loss products, with 21.3% reporting any purchases compared
with 16.2% (p-value < 0.0001) for households with a male head only
and 20.6% (p-value = 0.25) for households with a female and male
head. Conditional on any purchases, however, female-only households
did not spend differently from other household types on weight-loss
supplements. Unweighted estimates showed a similar pattern, although
female-only households were significantly less likely to purchase (p-
value = 0.03) and, conditional on any purchases, spent significantly
less on weight-loss products than female-male households (p-value =
0.01).

Male-only households were generally more likely to purchase and
spent conditionally more on muscle-building supplement products.
The only exception to that pattern is that male-only households were
slightly less likely to purchase muscle-building supplement products
than female-male households. Male-only households spent a weighted
average of $88.66 when purchasing any muscle-building supplement
products, while female-only households spent $51.29 (p-value <
0.0001) and female-male households spent $58.99 (p-value = 0.0003).

A smaller percent of households purchased sexual-function supple-
ments than purchased weight-loss or muscle-building supplements:
male-only households were the most likely among household types
with a weighted percent of 2.8% compared with female-only house-
holds at 0.9% (p-value < 0.0001) and female-male households at 2.0%
(p-value = 0.003). A similar pattern emerged for conditional expendi-
tures, in which male-only households spent a weighted average of
$71.66, nearly twice that of each of the other household types.

Table 2 details purchase patterns across household types and prod-
uct categories while also separately analyzing households reporting
less than $30,000 in annual income vs. households reporting greater
than or equal to $30,000 but less than $100,000 in annual income. In
Fig. 1, panels D-F present the income share of weight-loss, muscle-
building, and sexual-function products, respectively, by household in-
come among households that purchased the products.

When comparing across income categories, there were broadly sim-
ilar qualitative patterns for weight-loss and muscle-building products.
In general, higher income households (i.e., $30,000 < annual income <
$100,000) were more likely to make any purchase of weight-loss and
muscle-building supplement products across all household-head
types. We also calculated the conditional expenditure share of income
for each subcategory, and we broadly identified that lower-income
households spent more as a share of income, typically 2 to 4 times,
than higher-income households. All comparisons for these subcate-
gories yielded p-values < 0.01.

Most comparisons across income categories for sexual-function
products showed similar patterns in the point estimates as for weight-
loss and muscle-building supplement products, but many of the com-
parison tests were not statistically significant. We were unable to calcu-
late weighted conditional expenditure shares of income because of the
presence of a stratum with a single sampling unit.

4. Discussion

Dietary supplements sold for weight loss, muscle building, and sex-
ual function have been flagged by the FDA as among the most likely of
all supplement categories to be contaminated with dangerous ingredi-
ents and therefore among the most risky for consumers, (U.S. Food
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Fig. 1. Income share and monthly expenditure of weight-loss (WL), muscle-building (MB), and sexual-function (SF) products by household income and household head from 2012
Nielsen/IRi National Consumer Panel (N = 60,538 total households). Household expenditure greater than or equal to $250 on WL, MB, or SF products considered outliers and removed
for relevant product type. A. Income share of WL products by household income B. Income share of MB products by household income C. Income share of SF products by household
income D. Monthly expenditure of WL products by household head E. Monthly expenditure of MB products by household head F. Monthly expenditure of SF products by household head.

and Drug Administration, 2010) and yet they continue to be ubiquitous-
ly available in pharmacies, grocery stores, gyms, and many other brick-
and-mortar and online retailers (Cohen, 2014; Pomeranz et al., 2015).
Our study findings indicate that the financial burden of these industries
borne by households is unevenly distributed by annual income and gen-
der of head of household. While wealthier households spend more on
these products in absolute dollars, it is low-income households that
bear the heaviest financial burden for these products in terms of propor-
tion of household income. In addition, conditional on any purchases of
the products, female-male-headed households spent more on weight-
loss supplements and male-headed households spend more on mus-
cle-building and sexual-function supplements compared to other
household types.

Prior research has similarly found evidence of social inequities in the
burden these products pose, with two U.S. nationally representative
studies finding lower-income adults more likely than their wealthier
peers to use dietary supplements for weight loss (Pillitteri et al., 2008)
and diet pills without a prescription, which is likely to include use of di-
etary supplements (Kakinami et al., 2014). Prior research has also found
gender differences in the use of these products, with females more likely
to use weight-loss supplements and males more likely to use muscle-
building supplements (Blanck et al., 2007; Eisenberg et al., 2012;
Pillitteri et al., 2008). Though we were not able to find epidemiologic
studies estimating the prevalence by gender of use of sexual-function
supplements, these products are primarily marketed to men (Cui et
al., 2015). As might be expected, we found male-only headed house-
holds were more likely to purchase these products than other house-
hold types.

This study has several limitations. Data were gathered on the house-
hold level, which is informative as to how household income is allocated
to different types of product purchases, but does not provide insight into
who is using the products. Also, while the database provides informa-
tion on how much money was spent by any household on particular
products, the database does not include a direct measure of product

consumption, nor does it indicate whether the products were consumed
by one person or shared among two or more household members. In ad-
dition, because annual household income and annual product spending
data are highly skewed, we chose to exclude the top category of house-
hold income (annual income >$100,000) and the approximately top
two percentiles, depending on product type, of highest spending house-
holds (expenditure >$250) from our analyses. For this reason, findings
should not be interpreted to apply to the highest category groups in
terms of household income or spending. Furthermore, in many cases
we were unable to obtain precise estimates for sexual-function prod-
ucts, due in part to the relatively small sample of households with any
purchases. Social desirability bias may have occurred if consumers
chose not to scan some products they purchased in a way that was dif-
ferential by gender of household head or household income.

5. Conclusions

Dietary supplements sold for weight loss, muscle building, and sex-
ual function are purchased by a range of household types defined by
gender of household head and annual household income. These prod-
ucts, which have been flagged by the FDA as particularly dangerous, dis-
proportionately burden households by income and gender. Greater
attention is urgently needed to improve regulation and protect con-
sumers from these noxious products.
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Table 2

Household expenditure on dietary supplements sold for weight loss, muscle building, and sexual function by household income (<30 k or 230 k).

Weight loss Muscle building Sexual function
HH Inc HH Inc HH Inc HH Inc HH Inc HH Inc
<30k 230 k <30k 230k <30k 230 k
All households Any purchases (weighted) 17.8% 20.8% 8.6% 14.5% 1.7% 1.9%
Wald p-value 0.000 0.000 0.212
N 60,538 60,538 60,538 60,538 60,538 60,538
Any purchases (unweighted) 18.6% 22.2% 9.1% 13.9% 1.7% 1.8%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.384
N 13,470 47,068 13,470 47,068 13,470 47,068
Conditional proportional expenditure (weighted) 0.4% 0.1% 0.3% 0.1% 0.4% 0.1%
Wald p-value 0.000 0.000 N/A?
N 10,818 10,818 6170 6170 927 927
Conditional proportional expenditure (unweighted) 0.4% 0.1% 0.4% 0.1% 0.3% 0.1%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.000
N 2502 8316 1222 4948 227 700
Female head only Any purchases (weighted) 19.7% 22.7% 8.4% 14.0% 0.8% 1.0%
Wald p-value 0.002 0.000 0.390
N 60,538 60,538 60,538 60,538 60,538 60,538
Any purchases (unweighted) 19.5% 22.9% 8.9% 13.1% 0.8% 0.8%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.853
N 6668 9128 6668 9128 6668 9128
Conditional proportional expenditure (weighted) 0.4% 0.1% 0.3% 0.1% 0.1% 0.1%
Wald p-value 0.000 0.000 N/A?
N 10,818 10,818 6170 6170 927 927
Conditional proportional expenditure (unweighted) 0.4% 0.1% 0.3% 0.1% 0.2% 0.1%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.000
N 1297 1897 596 1069 53 71
Male head only Any purchases (weighted) 12.7% 18.2% 8.5% 15.8% 2.9% 2.7%
Wald p-value 0.000 0.000 0.648
N 60,538 60,538 60,538 60,538 60,538 60,538
Any purchases (unweighted) 12.8% 17.1% 8.7% 14.2% 2.8% 2.7%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.824
N 2013 4099 2013 4099 2013 4099
Conditional proportional expenditure (weighted) 0.3% 0.1% 0.4% 0.1% 0.7% 0.6%
Wald p-value 0.000 0.000 N/A?
N 10,818 10,818 6170 6170 927 927
Conditional proportional expenditure (unweighted) 0.3% 0.1% 0.5% 0.1% 0.5% 0.2%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.000
N 258 574 175 445 57 93
Female and male head Any purchases (weighted) 19.3% 20.9% 9.1% 14.2% 1.9% 2.0%
Wald p-value 0.122 0.000 0.940
N 60,538 60,538 60,538 60,538 60,538 60,538
Any purchases (unweighted) 19.8% 22.7% 9.4% 14.0% 2.4% 1.9%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.022
N 4789 33,841 4789 33,841 4789 33,841
Conditional proportional expenditure (weighted) 0.4% 0.1% 0.4% 0.1% 0.2% 0.1%
Wald p-value 0.001 0.000 N/A?
N 10,818 10,818 6170 6170 927 927
Conditional proportional expenditure (unweighted) 0.4% 0.1% 0.5% 0.1% 0.2% 0.1%
Wilcoxon-Mann-Whitney p-value 0.000 0.000 0.000
N 947 5845 451 3434 117 536

2 Missing standard errors because of stratum with single sampling unit.
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