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Abstract

Sociodemographic and lifestyle factors exert important influences on nutritional status; however,
information on their association with biomarkers of fat-soluble nutrients is limited, particularly in
a representative sample of adults. Serum or plasma concentrations of vitamin A (VIA), vitamin E
(VIE), carotenes (CAR), xanthophylls (XAN), 25-hydroxyvitamin D (250HD), saturated- (SFA),
monounsaturated- (MUFA), polyunsaturated- (PUFA) and total fatty acids (tFA) were measured
in adults (=20 y) during all or part of NHANES 2003-2006. Simple and multiple linear regression
were used to assess 5 sociodemographic variables (age, sex, race-ethnicity, education, income)
and 5 lifestyle behaviors (smoking, alcohol consumption, BMI, physical activity, supplement use)
and their relation to biomarker concentrations. Adjustment for total serum cholesterol and lipid-
altering drug use was added to the full regression model. Adjustment for latitude and season was
added to the full model for 250HD.

Based on simple linear regression, race-ethnicity, BMI and supplement use were significantly
related to all fat-soluble biomarkers. Sociodemographic variables as a groupexplained 5-17% of
biomarker variability, whereas together, sociodemographic and lifestyle variables explained 22—
23% (250HD, VIE, XAN), 17% (VIA), 15% (MUFA), 10-11% (SFA, CAR, tFA) and 6%
(PUFA). Although lipid adjustment explained additional variability for all biomarkers except
250HD, it appeared to be largely independent of sociodemographic and lifestyle variables. After
adjusting for sociodemographic, lifestyle and lipid-related variables, major differences in
biomarkers were associated with race-ethnicity (from -44% to 57%); smoking (up to —25%);
supplement use (up to 21%); and BMI (up to —15%). Latitude and season attenuated some race-
ethnic differences. Of the sociodemographic and lifestyle variables examined, with or without
lipid-adjustment, most fat-soluble nutrient biomarkers were significantly associated with race-
ethnicity.
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INTRODUCTION

Vitamins A, D and E, and the fruit and vegetable pigments, carotenes and xanthophylls, are
well-known examples of fat-soluble micronutrients. Lipophilic macronutrients such as fatty
acids are generally abundant as components of simple and complex lipids. Whether
available in micro- or macro-amounts, these compounds play an essential or a beneficial role
in human health. Fat-soluble nutrients may act as cofactors in enzymatic processes; or
antioxidants in the body’s intra- and extra-cellular fluid compartments; or components of
membranes adding structure, antioxidant protection or bioactive signaling capability; or they
may act like hormones via nuclear receptors turning genes on and off; or as substrates for
production of hormone-like substances such as prostaglandins; or they may merely provide
fuel for metabolic processes. For the essential fat-soluble nutrients, deficiency states have
been defined based on clinical signs and symptoms and biomarker concentrations.

Nutritional biomarkers are commonly employed as objective indicators of nutritional status.
Blood and urine are collected in the US National Health and Nutrition Examination Surveys
(NHANES)* to measure health and nutritional biomarkers; at the same time, information on
sociodemographic and lifestyle parameters is provided by participants. Although dietary
intake and supplements are the primary determinants for most biomarker concentrations,
non-dietary factors may also show strong associations. From NHANES, we know that age,
sex, race-ethnicity, lipids and alcohol consumption are associated with serum retinol (VIA)
(1), as are education and Poverty Income Ratio (PIR) (2). Serum alpha-tocopherol (VIE)
concentrations are associated with age, sex, race-ethnicity (3,4) and education (4). Carotene
(CAR) concentrations in adults depend on age (5), sex (5,6), race-ethnicity (6-8), income
(5,7), education (7), lipids (5) and cotinine (5,6). Xanthophylls (XAN) vary with race-
ethnicity (7). Serum concentrations of 25-hydroxyvitamin D (250HD) are associated with
age (9-11), sex (9,11,12), race-ethnicity (7,9,11), education (7,12), BMI (9,11), income (11),
supplement use (11) and season-latitude (9-11). Fatty acid (FA) concentrations are
associated with age, sex and race-ethnicity (13). For some biomarkers, such as VIE, CAR
and XAN, knowledge gaps exist in understanding their correlates and determinants (14).

In the present study, our interest was to expand upon the descriptive data from NHANES
2003-2006 that were recently published in the Second National Report on Biochemical
Indicators of Diet and Nutrition in the US Population (13), which were stratified by age, sex
and race-ethnicity. We were aware that some significant differences noted in this report may
have been due to unmeasured association with other variables. By applying a systematic
regression approach to assess the relative importance of common sociodemographic and
lifestyle variables across the fat-soluble nutrient class of biomarkers, we wished to
investigate similarities and differences within this class using the same comparative
variables. From our review of the literature, this has not been done before. Other papers in
this journal supplement are applying a similar approach to other classes of nutritional
biomarkers. Our overarching goal for this series of papers is to provide researchers with a
foundation of knowledge about these variables with which to develop more predictive
models. Monitoring the nutritional status of the US population to inform public health policy
is one of the key goals of NHANES and understanding the impact of sociodemographic,
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behavioral and lifestyle factors on nutritional biomarker data is essential to interpret risk
factors and trends.

SUBJECTS AND METHODS

Analytic sample

NHANES 2003-2006 was a complex, multistage, area probability sample representative of
the US non-institutionalized civilian population during this period of time (15). All
respondents gave their informed consent, and the NHANES protocol was reviewed and
approved by the National Center for Health Statistics (NCHS) Research Ethics Review
Board. Data collection consisted of: 1) a screening visit, during which sample persons were
identified; 2) an interview during which a wide battery of health related questions were
asked; and 3) an examination consisting of direct standardized physical examinations,
including body measurements and blood and urine collection, carried out in a mobile
examination center (MEC). Serum or EDTA-plasma specimens were prepared at the MEC,
stored frozen at —20°C for several days to weeks, then shipped to CDC in Atlanta where
they were stored at —70°C until tested. For fatty acids, in-house stability studies assured
minimal instability under short-term (<3 mo) storage at —20°C and longer-term (up to 3 y)
storage at —70°C; fat-soluble micronutrients showed no instability at these times and
temperatures (unpublished data). Depending on the analyte, between approximately 1,500
and 9,000 adults, age =20 y, from NHANES 2003-2006 had concentrations of fat-soluble
nutrients measured (see Supplemental Table 1). Because the number of fat-soluble
nutritional biomarkers measured in NHANES and available for this analysis is large,
selected fat-soluble biomarkers were summed to create composite variables representing
CAR, XAN, saturated- (SFA), monounsaturated- (MUFA), polyunsaturated- (PUFA), and
total fatty acids (tFA). Composite variables were calculated only for those persons who had
non-missing values across all corresponding biomarkers. All MEC-examined participants,
>20y, with at least 1 of the 9 fat-soluble biomarkers available were eligible for inclusion in
the study.

Biomarker laboratory methods

Plasma concentrations of FA were measured in fasted (=8 h) adults using surplus EDTA
plasma from NHANES 2003-2004 several years after collection. Individual FA were
measured and classified as saturated (SFA: myristic [14:0], palmitic [16:0], stearic [18:0],
arachidic [20:0], docosanoic [22:0] and lignoceric [24:0]), monounsaturated (MUFA:
myristoleic [14:1n5], palmitoleic [16:1n7], cis-vaccenic [18:1n7], oleic [18:1n9], eicosenoic
[20:1-n9], docosenoic [22:1n9] and nervonic [24:1n9]), or polyunsaturated (PUFA: linoleic
[18:2n6], alpha-linolenic [18:3n3], gamma-linolenic [18:3n6], eicosadienoic [20:2n6],
homo-gamma-linolenic [20:3n6], arachidonic [20:4n6], eicosapentaenoic [20:5n3],
docosatetraenoic [22:4n6], docosapentaenoic-3 [22:5n3], docosapentaenoic-6 [22:5n6] and
docosahexaenoic [22:6n3]). MUFA and PUFA were the sums of each respective class of
fatty acids. Total fatty acids (tFA) was defined as the sum of 24 individual FA. As part of
NHANES 2005-2006, concentrations of VIA, VIE, CAR (sum of alpha- and beta-carotene
and cis- and trans-lycopene), and XAN (sum of lutein, zeaxanthin and beta-cryptoxanthin)
were measured in serum from fasted and non-fasted persons. Similarly, 250HD was
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measured in serum from fasted and non-fasted persons for NHANES 2003-2006. The
analytical methods used were as follows: HPLC separation with UV-visible light detection
for VIA, VIE, CAR and XAN (16); DiaSorin (Stillwater, MN) radioimmunoassay for
250HD (17); and GC separation with mass spectrometry detection for individual FA,
including free FA and those hydrolyzed from more complex lipids (18). Westgard-type QC
multi-rules were used to judge assay performance (19).

Sociodemographic, lifestyle and lipid-related variables

A review of the literature, focusing on NHANES, suggested several variables that would
likely explain non-diet-related sources of variability for nutritional biomarkers. All
sociodemographic variables, alcohol intake, leisure activity, medication and supplement use
data were self-reported. Age (20-39 y, 40-59 y, =60 y), race-ethnicity (Mexican American,
non-Hispanic black, non-Hispanic white), and educational attainment (<high school, high
school, >high school) groupings were used. PIR was calculated by dividing total family
income by the poverty threshold index adjusted for family size at year of interview (20) and
categorized as low (0-1.85), medium (>1.85-3.5), or high (>3.5). Alcohol intake was
categorized based on the average daily number of drinks: non-drinker, <1 (not 0), 1-<2, or
>2. Adiposity was assessed using BMI (kg/m?) (21). Classification as a smoker was based
on serum cotinine >10 ug/L (22). Physical activity was calculated as total metabolic
equivalent task (MET) in MET-min/wk from self-reported leisure time physical activities
and categorized as: none reported, 0—<500, 500-<1000, or 21000 MET-min/wk (23).
Dietary supplement users reported taking any dietary supplement within the 30 d preceding
the household interview. As the literature suggested that adjustment for lipids is beneficial to
interpret VIE, CAR and XAN (24,25), although patterns of sociodemographic variation for
VIE vs. VIE adjusted for cholesterol were similar in an earlier analysis (3), we provided an
additional model for the fat-soluble nutrients that adjusted for total serum cholesterol, which
was measured using a cholesterol oxidase method (26,27), and for the participant’s use of
lipid-altering drugs. Lipid-altering drug user was defined as having taken at least one
prescribed lipid-altering drug during the 30 d preceding the interview. Drugs included
cholesterol synthesis inhibitors (statins), fibric acid derivatives, bile acid resins, cholesterol
absorption inhibitors, miscellaneous anti-hyperlipidemic drugs (niacin or probucol),
prescription fish oil, or combination-type drugs such as a statin and niacin.

Statistical methods

As we used the same statistical methods for the series of papers presented in this
supplement, the reader is referred to Sternberg et al. (28) for a detailed description of the
methods and for a discussion of compromises taken in developing the multiple regression
model due to the limited degrees of freedom, such as the number of covariates considered,
the chosen form of continuous covariates, and the consideration of interactions between
covariates. In short, we explored bivariate associations between each biomarker and selected
study variables by calculating Spearman correlations (for continuous variables) and by
presenting the geometric means (arithmetic mean for 250HD as its distribution was
reasonably symmetric) and 95% CI across the variable categories. We used multiple linear
regression to assess the impact of confounding and determine whether statistical significance
persists after adjusting for differences in key variables. We arranged the independent
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variables into 2 sets or “chunks”: 1) sociodemographic variables (age, sex, race-ethnicity,
education level, and PIR) and 2) lifestyle variables (dietary supplement use, smoking,
alcohol consumption, BMI, and physical activity level). We tested each chunk
simultaneously to determine whether the independent variables (as a group) were related to
the dependent variable; followed by a test for each individual variable while controlling for
the other variables. We present the results of 3 regression models for each biomarker: simple
linear regression (model 1), multiple linear regression model with the sociodemographic
chunk (model 2), and multiple linear regression model with both the sociodemographic and
lifestyle chunk (model 3). For the fat-soluble nutrient analysis, we created an additional
model by adding lipid-altering drug use and total serum cholesterol to model 3 to assess the
effects of lipid-related factors (model 4). To assess the effect of latitude and season
specifically on 250HD, we created a model in which latitude and season at the time of the
participant’s MEC examination were added to model 3 (model 5 for 250HD only). For each
model we present the estimated percent change (absolute unit change for 250HD) in
biomarker concentrations with change in each covariate holding all other remaining
covariates constant. Two-sided P-values were flagged as statistically significant if <0.05.

Population characteristics

Correlations

Characteristics of the study population with weighted percentages of adults in each category
of each variable examined in the study are shown in Supplemental Table 2. Proportions of
respondents in each category were similar in each survey period.

The majority of the continuous sociodemographic, lifestyle or lipid-related variables (PIR,
smoking, alcohol, BMI, physical activity) were not strongly significantly correlated (Jr|<0.3)
with concentrations of fat-soluble biomarkers. Significant correlations were strongest
between total cholesterol and any FA class (Jr|=0.53-0.75), total cholesterol and VIE (Jr|
=0.57), and age and VIE (|r|=0.41) (Table 1).

Simple linear regression

With few exceptions, based on simple linear regression (model 1), we found significant
associations between biomarker concentrations and age (except for 250HD), sex (except for
SFA, MUFA and tFA), race-ethnicity, education (except for PUFA and tFA) and PIR
(except for SFA, MUFA, PUFA and tFA) (Table 2). Among individual sociodemographic
variables, age explained variability in biomarkers considerably for VIE (12%) and modestly
for VIA and MUFA (5-6%). Sex accounted for almost 4% of the variability of VIA. Race-
ethnicity explained 16% of variation in 250HD and 5-6% variation in XAN and VIA. Other
sociodemographic variables, such as PIR and education accounted for 3-4% of the
variability in CAR concentrations.

Based on simple linear regression (Table 3), we found significant associations between
biomarker concentrations and smoking (except for VIA, SFA, MUFA and tFA), alcohol
consumption (except for VIE and PUFA), BMI, physical activity (except for VIE, PUFA
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and tFA), and supplement use. Among individual lifestyle variables, smoking explained a
considerable amount of variability for XAN (8%) while alcohol intake explained at most 3%
for VIA. BMI accounted for 4-5% of the variability of XAN and 250HD. Physical activity
accounted for 4% of the variability of CAR and 250HD, and supplement use accounted for
14% of the variability of VIE and 4% of 250HD.

We investigated the association of 250HD with where and when participants were
examined using latitude and time of year as proxies for sun exposure. As noted previously
(10), the NHANES MECs spend the winter months in the warmer lower latitudes and the
summer months in the cooler higher latitudes, which has an impact on assessment of vitamin
D status. Without stratifying for race-ethnicity, a bivariate analysis showed that mean
250HD was different in different latitudes or in different months (Supplemental Table 4) by
as much as about 15-25%.

Multiple linear regression

Multiple linear regression demonstrated that sociodemographic variables as a group (model
2) explained 17% (VIE, 250HD), 13% (VIA), 10% (MUFA, XAN), 6% (CAR, SFA, tFA)
and 5% (PUFA) of the biomarker variability (Supplemental Table 3). In model 3, the chunks
of sociodemographic and lifestyle variables explained 23% (VIE, 250HD), 22% (XAN),
17% (VIA), 15% (MUFA), 11% (SFA), 10% (CAR, tFA) and 6% (PUFA) of the variability.
In some cases, adjusting for lifestyle variables diminished the impact of sociodemographic
variables as described by the beta coefficients, suggesting that lifestyle factors captured
some unmeasured confounding associated with sociodemographic variables. For example,
the association of a high school education on CAR concentration was attenuated when other
sociodemographic variables were adjusted (model 2 vs. model 1) and was further attenuated
by adjusting for lifestyle variables (model 3 vs. model 1).

It has been suggested that interpretation of some fat-soluble nutrient concentrations is not
appropriate in the absence of lipid adjustment (25), thus we developed a model 4, in which
we adjusted for the use of lipid-altering drugs and total serum cholesterol after adjustment
for sociodemographic and lifestyle variables. While the addition of a lipid-related factors
chunk to a model with both sociodemographic and lifestyle variables was statistically
significant for all of the fat soluble outcomes, the R? did not substantially change for
250HD. On the other hand, the R? increased from model 3 to model 4 for VIE (from 23% to
55%), XAN (from 22% to 32%), CAR (from 10% to 26%), VIA (from 17% to 24%), SFA
(from 11% to 47%), MUFA (from 15% to 40%), PUFA (from 6% to 55%) and tFA (from
10% to 53%).

Because log transformation may obscure the interpretation of the beta coefficients, we
estimated the percent change in biomarker concentrations (except change in nmol/L for
250HD) associated with each covariable (Table 4). As can be seen with the beta
coefficients, the estimated association of most of these variables changed between models 1
and 4, suggesting that at least some of the association measured in the unadjusted model
may be a result of confounding. Even after adjusting for sociodemographic, lifestyle and
lipid-related factors, race-ethnicity remained significantly correlated with biomarkers of fat-
soluble nutrient status. Specifically, of 9 fat-soluble biomarkers, 4 (250HD, XAN, MUFA,
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VIA) were most strongly associated with race-ethnicity. All other things being equal, NHB
had lower estimated concentrations of 250HD, MUFA, VIA compared to NHW (9% to
~44% lower); in contrast, XAN was estimated to be 33% higher in NHB. Comparing MA
with NHW, XAN was 57% higher while the concentration of 250HD was ~24% lower. All
FA classes were 8-10% higher in MA compared with NHW.,

With the exception of CAR and 250HD, age was significantly associated with higher fat-
soluble micro-nutrient biomarker concentrations (Table 4). On the other hand, the
association of age with SFA, PUFA and tFA lost significance after lipid adjustment. Sex
differences, when significant, were associated with lower biomarker concentrations (VIA
and XAN) in women. Higher SFA and PUFA in women lost significance with lipid
adjustment. In general, with the exception of the higher CAR in NHB than NHW, race-
ethnic differences were not much different with or without lipid adjustment. Largest effects
of PIR in model 4 were on XAN and CAR which were 3—4% lower with every 2 unit
decrease in PIR. In the full regression model, the strongest association of education was with
CAR and XAN which were estimated to be 8-9% lower in those without, compared to those
with some higher education. The negative association of smoking with several biomarkers
(VIE, CAR and XAN) was substantially attenuated for VIE but only slightly attenuated for
CAR and XAN after adjustment; smoking and MUFA were positively associated. VIA, SFA
and MUFA were about 5-6% higher in drinkers versus non-drinkers. Increasing BMI was
negatively associated with CAR, XAN and 250HD after adjustment for sociodemographic,
lifestyle and lipid-related factors; SFA, MUFA and tFA maintained a positive association
with BMI after adjustment. Supplement use was significantly associated with all fat-soluble
micro-nutrients in the full regression model.

Considering that for most persons the primary source of vitamin D comes from the action of
sunlight on skin, we added season and latitude to assess their independent association with
250HD after controlling for sociodemographic and lifestyle. We found that latitude and
time of year continued to be significantly associated with concentration of 250HD and had
limited impact on beta coefficients of the other variables. The only beta coefficient that
changed by more than 20% was that associated with the comparison between MA and NHW
(Supplemental Table 5). The R2 after adjusting for latitude and season (model 5) was 26.2%.

DISCUSSION

After adjusting for lipid-related factors, 4 variables (race-ethnicity, smoking, BMI and
supplements) had strong associations with multiple fat-soluble nutritional biomarkers. Race-
ethnicity was a major correlate of fat-soluble nutrient concentrations showing large
differences for most biomarkers, even after adjustments were made for income, education,
adiposity, and other variables that have been suggested to contribute to race-ethnic
differences. Smoking and high BMI were frequently associated with lower fat-soluble
micro-nutrient concentrations. As might be expected, supplement use was consistently
associated with higher fat-soluble micro-nutrient biomarker concentrations. Our main aim
was to expand on the Second National Report on Biochemical Indicators of Diet and
Nutrition in the US Population (13), which provided nutritional biomarkers data tables
stratified by age, sex and race-ethnicity but did not adjust for other sociodemographic or any
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lifestyle variables. It is noteworthy that after controlling for other sociodemographic and
lifestyle variables, significant race-ethnic differences (8/9) and age differences (6/9)
persisted for most fat-soluble biomarkers; however, the picture for sex differences was
mixed with only 2/5 differences being retained.

Race-ethnicity

As shown in other studies (9,29), race-ethnicity was strongly associated with 250HD. In the
present analysis, even after adjustments for other sociodemographic, lifestyle and lipid-
related factors, MA and NHB had 250HD concentrations that were 12 and 24 nmol/L lower,
respectively, than NHW. Sun exposure is undoubtedly an unmeasured factor that is
responsible for a substantial fraction of vitamin D biomarker variability. The ability of
melanin to interfere with cutaneous synthesis of vitamin D3 (30) and the much lower intake
of vitamin D (50% less from diet and supplements) by NHB vs. NHW adults in the general
population (31) most likely underlie the black-white difference in 250HD. Although season
and latitude continued to be important for 250HD even after controlling for demographic
and lifestyle factors, these variables had a limited effect on the beta coefficients of the other
variables in the model. Overall, model 3 accounted for 23% of the variability in 250HD,
which is close to 24% of the variability shown in a US community-based sample using a
model that included intake (29) and higher than 11% of the variability modeled in a
representative sample of German adults that also included intake (32). Adding latitude and
season provided only a small improvement (26%).

Race-ethnicity was also an important correlate of FA concentrations. Little is known about
non-dietary sources of variation in plasma FA concentrations; this study provides the first
nationally representative data on this subject. Of interest, these data show that after
adjustment for sociodemographic, lifestyle and lipid-related factors, NHB had lower plasma
concentrations of SFA (-6%), MUFA (-15%) and tFA (-5%) than NHW, whereas MA had
higher plasma concentrations of all FA classes (8—10%) compared with NHW. Race-ethnic
differences for total triglycerides are consistent with the race-ethnic pattern seen in SFA and
MUFA with lower concentrations in NHB and higher concentrations in MA (33). The large
difference in MUFA between NHB and NHW suggests that important variables that may
closely associate with race-ethnicity have been omitted from the full regression model, e.g.,
genetic differences in fatty acid metabolism. It is interesting to note that expression of
stearoyl CoA desaturase-1 (SCD-1), the rate-limiting enzyme catalyzing the conversion of
SFA to MUFA, is 54%-72% lower in adipose tissue and muscle of black compared with
white women (34).

Race-ethnic differences were apparent in XAN and CAR, which are currently the best
biomarkers for consumption of fruits and vegetables (14). In an earlier NHANES, non-
whites generally had higher lipid-adjusted xanthophyll and carotene (except lycopene)
concentrations than other race-ethnic groups (6); similarly, in the present study, MA and
NHB had much higher XAN concentrations but only NHB had higher CAR concentrations
than NHW.

VIA concentrations were shown to be higher in NHW than in NHB and MA in an earlier
NHANES survey (1). In analyses of several NHANES data sets, VIE was shown to be
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higher in whites than in African Americans, but the difference between MA and whites was
of variable significance (3,4). Kant et al. (7) used sex-specific models on NHANES data and
showed that race-ethnic differences in VIE were limited to men and that NHB men had
lower concentrations than NHW or MA men. In comparison, our analysis of the most recent
NHANES data set using the full regression model showed that NHW had higher VIE
concentrations than either NHB or MA.

Among lifestyle variables, smoking was significantly associated with (20-29% reduction)
CAR and XAN which showed little attenuation after adjustment. Smoking had previously
been shown to be negatively associated with serum concentrations of alpha- and beta-
carotene (6), lutein/zeaxanthin (6,35) and beta-cryptoxanthin (6) in NHANES I11, and with
low serum carotene and xanthophyll concentrations in the UK National Diet and Nutrition
Survey (NDNS) (36) suggesting either the intake of these anti-oxidants by smokers is lower
than by nonsmokers, and/or they are oxidized by free radicals in cigarette smoke. Many
studies have found lower CAR and XAN in smokers after adjusting for dietary intake (14)
suggesting smoke-related oxidation of CAR and XAN occurs. In an analysis of a
community-based sample of adults in the US, race-ethnicity, education and smoking had the
strongest associations with serum lutein concentrations (37). Similarly, we found race-
ethnicity, smoking and BMI followed by education to have the significant associations with
XAN in this representative sample of US adults. In the cross-sectional MRFIT study, higher
plasma concentrations of two major MUFA, namely, palmitoleic (16:1n7) and oleic
(18:1n9), were reported in smokers after multivariate adjustment (38); in agreement, we
found higher total MUFA in smokers, with or without lipid adjustment. In the Dietary
Reference Intakes (14), the Institute of Medicine recommended thorough investigation of the
determinants of VIE, including the relationship between oxidative stress and vitamin E
status. Smoking and physical activity, two forms of oxidative stress, were examined in the
present study. Physical activity, which is expected to produce free radicals through increased
metabolic activity and thereby consume VIE, had little association with VIE. In contrast, the
association of smoking with VIE was substantially attenuated from 13% to 5% lower in
smokers in the full regression model and remained statistically significant. An analysis of
NHANES 1988-1994 suggested that VIE was not different in smokers and nonsmokers after
adjusting for multiple covariates including other nutritional biomarkers (4). Similarly, in the
NDNS (36), smoking was not related to VIE or lipid-adjusted VIE in older adults. Thus, the
relationship between smoking and VIE remains to be clarified in future studies.

Body Mass Index

BMI, a measure of adiposity, was negatively associated with XAN (15% decrease for a 25%
increase in BMI) in the full regression model, as were CAR and 250HD. In our analysis, a
25% increase in BMI was associated with about 4 nmol/L decrease in 250HD which is
consistent with 6 nmol/L decrease in 250HD in obese versus normal weight women
reported in a New Zealand national survey (39). Conversely, VIE, SFA, MUFA and tFA
were positively associated with increasing BMI. BMI has been shown to be associated with
fasting serum triglycerides (40) which are made-up primarily of SFA and MUFA, so this
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positive relationship with BMI is not unexpected. A complex association of BMI with fat-
soluble nutrient concentrations has been shown previously (5,29,41).

Supplement use

As anticipated, supplement use was positively associated with most biomarkers, in particular
VIE and CAR, even after full regression adjustment. Interview data from NHANES indicate
that approximately 20-40% of adults used supplements containing vitamins A (or pro-
vitamin A carotenoids) and E during 2003-2006 (42).

Other variables

Aside from the main variables race-ethnicity, smoking, BMI and supplement use, we also
found some smaller but significant associations with other variables (Table 4). Age
remained a significant correlate for most biomarkers after adjusting for sociodemographic,
lifestyle and lipid-related factors. Several US surveys indicate that intake of fruits and
vegetables increases with age (43,44) which could help to explain some biomarker
increases. However, to study the relationship between fruit and vegetable intake and age,
specific carotenes and xanthophylls would need to be investigated as the composite
variables CAR and XAN were differentially affected by age. Lipids (e.g., cholesterol,
triglycerides) increase with age in young or middle-aged adults (33) which could explain
some attenuation of age with the lipid adjustment. VIA (1) and VIE (3,4) were shown in
earlier NHANES to be positively correlated with age and lipids.

It is interesting to note that physical activity was positively associated with CAR, XAN and
250HD. Exercise has previously been shown to be positively associated with lutein and
zeaxanthin intake (29). It seems plausible that leisure-time physical activity is positively
associated with fruit and vegetable intake and outdoor activities, and that the significant
association with CAR, XAN and 250HD captures this shared association.

No significant association of sex was apparent in the full regression model except for VIA
and XAN, which were 10% and 3% lower in women, respectively. Among the remaining
lifestyle variables, alcohol consumption was moderately positively associated with VIA,
250HD, SFA, MUFA and tFA. The ability of alcohol to acutely increase serum VIA has
been known for decades (45) and a positive association between VIA and alcohol intake was
also demonstrated in an earlier NHANES survey (1). Alcohol-related increases in FA may
be related to increases in triglycerides which have been shown to occur even with moderate
alcohol intake (46). Alcohol has been reported to be inversely associated with most
carotenes and xanthophylls (14) but its association was not significant in the current
analysis. In general, PIR and education were relatively weakly associated with fat-soluble
biomarkers and, in agreement with a previous analysis (7), did not appear to account for
race-ethnic differences.

Lipid adjustment

In this analysis, we adjusted for cholesterol because others have shown that a large
proportion of the variability for some nutritional biomarkers, particularly VIE, can be
explained when serum lipid concentrations are included in the model (4,29). Several
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approaches have been suggested (25) but adjustment using total serum cholesterol was
shown to be nearly equivalent to more complex adjustment (3,24). Adjusting for lipids as we
did provided insight into where the lipid adjustment has impact. We found that aside from
the lack of any effect of lipid adjustment on 250HD, there was general attenuation of the
effect of age and sex by lipid adjustment and, with few exceptions involving CAR and XAN
and either age, sex or race-ethnicity, lipid adjustment did not mediate the effects other
variables on fat-soluble nutritional biomarkers, i.e., adjusting for lipids showed relatively
little impact on the remaining sociodemographic and lifestyle variables. However, the R? for
the full regression model accounted for more of the variability of the biomarkers when lipid
adjustment was added. This suggests that lipids are independent predictors of most fat-
soluble biomarkers, including VIA, which is transported to the liver as retinyl esters by
lipids after absorption but thereafter is transported in the plasma by a specific binding
protein not associated with lipids.

Strengths and weaknesses

The present study has as its primary strength that a unified approach was used to assess the
impact of sociodemographic and lifestyle variables on fat-soluble nutrient biomarker
concentrations using a representative sample of the US population. As the models were built
based on current research data and with the NHANES focus, they should be generalizable to
the US population. This same approach was applied to other types of nutritional indicators
(see other papers in this issue) such that comparisons can be made among biomarkers using
equivalent modeling strategies. As noted by others (7), relatively little is known about the
components of variance for most nutritional biomarkers, particularly relative differences
among biomarkers, thus, this analysis fills-in gaps in knowledge.

There are several limitations to the analytical approach used in this series of papers. First,
observational studies such as NHANES can be used to find associations, but they cannot be
used to demonstrate causality. We did not aim to develop a predictive model but rather to
summarize general patterns with respect to a selected set of sociodemographic and lifestyle
variables to determine how these covariates, jointly, are related to fat-soluble nutrient
concentrations. Dietary intake data were not included in this analysis and neither was
information on the intake of specific dietary supplements although these are likely to be
important variables. For this series of papers, we did not include intake as a predictor or
confounder because we could not devise a consistent set of variables across all the classes of
biomarkers and because df were limited for some biomarkers. Analysis of nutrient intakes,
which is problematic for the fat-soluble nutrient group for various reasons including poor
correlation of dietary intake with biomarker concentration, homeostatic control of nutrient
availability, endogenous synthesis and inter-conversion of nutrients, will require more in-
depth analysis than could be accommodated in an already large inquiry. Another limitation
of this analysis is that interactions could not be examined. The size of the multiple
regression model was limited by the available df, as many of the variables were categorical.
This limited the opportunity to fit higher order interactions and include more variables in the
full model. Fasting status was not controlled except for FA, which were measured only if
participants were fasted for at least 8 h. However, in a separate analysis of fasting as a
preanalytical variable (47), we found no effect of fasting on 250HD, VIA and XAN, and
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only a modest effect of fasting on VIE and CAR (4-5% higher if <3 h). Lastly, in this
analysis, composite variables (CAR, XAN, SFA, MUFA, PUFA, tFA) were used which
provided useful summary information; however, individual nutrients within a composite
may not be represented by these findings.

In conclusion, after controlling for 10 sociodemographic and lifestyle variables, race-
ethnicity continued to be strongly associated with most fat-soluble nutrient biomarker
concentrations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The authors acknowledge technical assistance from Bridgette Haynes and Yi Pan and contributions from the
following laboratory members: Madhu Chaudhary-Webb, Donna J LaVoie, Shahzad S Momin, Elizabeth C
Pendergrast and Carissa D Powers. CMP, RLS and MRS designed the overall research project; RLS, MRS and
CMP conducted most of the research; MRS analyzed most of the data; and RLS wrote the initial draft, which was
modified after feedback from all coauthors, and had primary responsibility for content. All authors read and
approved the final manuscript.

Abbreviations used

250HD 25-hydroxyvitamin D

CAR carotenes

FA fatty acid

MA Mexican American

MET metabolic equivalent task

MUFA monounsaturated fatty acids

NCHS National Center for Health Statistics
NDNS UK National Diet and Nutrition Survey
NHANES US National Health and Nutrition Survey
NHB non-Hispanic black

NHW non-Hispanic white

PIR Poverty Income Ratio

PUFA polyunsaturated fatty acids

SFA saturated fatty acids

tFA total fatty acids (sum of SFA, MUFA, PUFA)
VIA vitamin A (retinol)

VIE vitamin E (alpha-tocopherol)

J Nutr. Author manuscript; available in PMC 2016 March 22.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schleicher et al.

XAN

References
1.

10

11.

12.

13.

Page 13

xanthophylls

Ballew C, Bowman BA, Sowell AL, Gillespie C. Serum retinol distributions in residents of the
United States: Third National Health and Nutrition Examination Survey, 1988-1994. Am J Clin
Nutr. 2001; 73:586-593. [PubMed: 11237936]

. Kant AK, Graubard BI. Secular trends in the association of socio-economic position with self-

reported dietary attributes and biomarkers in the US population: National Health and Nutrition
Examination Survey (NHANES) 1971-1975 to NHANES 1999-2002. Public Health Nutr. 2007;
10:158-167. [PubMed: 17261225]

. Ford ES, Schleicher RL, Mokdad AH, Ajani UA, Liu SM. Distribution of serum concentrations of

alpha-tocopherol and gamma-tocopherol in the US population. Am J Clin Nutr. 2006; 84:375-383.
[PubMed: 16895886]

. Ford ES, Sowell A. Serum alpha-tocopherol status in the United States population: Findings from

the Third National Health and Nutrition Examination Survey. Am J Epidemiol. 1999; 150:290-300.
[PubMed: 10430234]

. Ganji V, Kafai MR. Population determinants of serum lycopene concentrations in the United States:

Data from the Third National Health and Nutrition Examination Survey, 1988-1994. J Nutr. 2005;
135:567-572. [PubMed: 15735095]

. Ford ES. Variations in serum carotenoid concentrations among United States adults by ethnicity and

sex. Ethn Dis. 2000; 10:208-217. [PubMed: 10892827]

. Kant AK, Graubard BI. Ethnicity is an independent correlate of biomarkers of micronutrient intake

and status in American adults. J Nutr. 2007; 137:2456-2463. [PubMed: 17951485]

. Kant AK, Graubard BI. Ethnic and socioeconomic differences in variability in nutritional

biomarkers. Am J Clin Nutr. 2008; 87:1464-1471. [PubMed: 18469272]

. Looker AC, Pfeiffer CM, Lacher DA, Schleicher RL, Picciano MF, Yetley EA. Serum 25-

hydroxyvitamin D status of the US population: 1988-1994 compared with 2000-2004. Am J Clin
Nutr. 2008; 88:1519-1527. [PubMed: 19064511]

. Looker AC, Dawson-Hughes B, Calvo MS, Gunter EW, Sahyoun NR. Serum 25-hydroxyvitamin
D status of adolescents and adults in two seasonal subpopulations from NHANES 111. Bone. 2002;
30:771-777. [PubMed: 11996918]

Ganji V, Zhang X, Tangpricha V. Serum 25-hydroxyvitamin D concentrations and prevalence
estimates of hypovitaminosis D in the US population based on assay-adjusted data. J Nutr. 2012;
142:498-507. [PubMed: 22323766]

Zadshir A, Tareen N, Pan DY, Norris K, Martins D. The prevalence of hypovitaminosis D among
US adults: Data from the NHANES I11. Ethn Dis. 2005; 15:597-S101.

U.S. Centers for Disease Control and Prevention. Population 2012. Atlanta, GA: National Center
for Environmental Health; 2012 Apr 1. Second National Report on Biochemical Indicators of Diet
and Nutrition in the U.S.

14. Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids. The National

15.

16.

Academies Press; 2000. Panel on Dietary Antioxidants and Related Compounds, Subcommittee on
Upper Reference Levels of Nutrients, Subcommittee on Interpretation and Uses of DRIs, Standing
Committee on the Scientific Evaluation of Dietary Reference Intakes, Food and Nutrition Board,
Institute of Medicine.

[Last accessed:09/17/2012] About the National Health and Nutrition Examination Survey. U.S.
Centers for Disease Control and Prevention. 2012. Available from:http://www.cdc.gov/nchs/
nhanes.htm

National Center for Health Statistics. [Last accessed: 09/17/2012] Fat Soluble Micronutrients
(Vitamins A, E and Carotenoids) — HPLC/UV-visible Detection. 2009. Available from:http://
www.cdc.gov/nchs/data/nhanes/nhanes_05_06/vitaec_d_met_aecar.pdf

J Nutr. Author manuscript; available in PMC 2016 March 22.


http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/nhanes.htm
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/vitaec_d_met_aecar.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/vitaec_d_met_aecar.pdf

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Schleicher et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Page 14

National Center for Health Statistics. [Last accessed:09/17/2012] 25-Hydroxyvitamin D - RIA.
2008. Available from: http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/
vid_d_met_vitamin_d.pdf

National Center for Health Statistics. [Last accessed:09/17/2012] National Health and Nutrition
Examination Survey, 2003-2004 Data Documentation, Codebook, and Frequencies. Fatty acids
concentration in plasma. 2011. Available from: http://www.cdc.gov/nchs/nhanes/
nhanes2003-2004/SSFA_C.htm

Caudill SP, Schleicher RL, Pirkle JL. Multi-rule quality control for the age-related eye disease
study. Stat Med. 2008; 27:4094-4106. [PubMed: 18344178]

Bureau of the Census. Current Population Reports, Series P60. U.S. Government Printing Office;
1991. Poverty in the United States: 1990.

WHO. Report of a WHO Consultation. Geneva: World Health Organization; 2000. Obesity:
preventing and managing the global epidemic.

Bernert JT Jr, Turner WE, Pirkle JL, Sosnoff CS, Akins JR, Waldrep MK, Ann Q, Covey TR,
Whitfield WE, et al. Development and validation of a sensitive method for determination of serum
cotinine in smokers and nonsmokers by liquid chromatography/atmospheric pressure ionization
tandem mass spectrometry. Clin Chem. 1997; 43:2281-2291. [PubMed: 9439445]

Wang CY, Haskell WL, Farrell SW, LaMonte MJ, Blair SN, Curtin LR, Hughes JP, Burt VL.
Cardiorespiratory fitness levels among US adults 20-49 years of age: findings from the 1999-
2004 National Health and Nutrition Examination Survey. Am J Epidemiol. 2010; 171:426-435.
[PubMed: 20080809]

Willett WC, Stampfer MJ, Underwood BA, Speizer FE, Rosner B, Hennekens CH. Validation of a
dietary questionnaire with plasma carotenoid and alpha-tocopherol levels. Am J Clin Nutr. 1983
Oct 1.38:631-639. [PubMed: 6624705]

Gross M, Yu X, Hannan P, Prouty C, Jacobs DR. Lipid standardization of serum fat-soluble
antioxidant concentrations: the YALTA study. Am J Clin Nutr. 2003 Feb 1.77:458-466. [PubMed:
12540408]

National Center for Health Statistics. [Last accessed:11/06/2012] Total Cholesterol, HDL-
Cholesterol, Triglycerides, and LDL-Cholesterol - NHANES 2003-2004. 2007. Available from:
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/113_c¢_met_lipids.pdf

National Center for Health Statistics. [Last accessed:11/06/2012] Total Cholesterol in Serum using
the Hitachi 912 NHANES 2005-2006. 2009. Available from: http://www.cdc.gov/nchs/data/
nhanes/nhanes_05_06/tchol_d_met_h912.pdf

Sternberg MR. Regression modeling plan for twenty-nine biochemical indicators of diet and
nutrition measured in NHANES 2003-2006. J Nutr. 2013

Rock CL, Thornquist MD, Kristal AR, Patterson RE, Cooper DA, Neuhouser ML, Neumark-
Sztainer D, Cheskin LJ. Demographic, dietary and lifestyle factors differentially explain variability
in serum carotenoids and fat-soluble vitamins: Baseline results from the sentinel site of the olestra
post-marketing surveillance study. J Nutr. 1999; 129:855-864. [PubMed: 10203561]

Rosen CJ. Vitamin D Insufficiency. N Engl J Med. 2011 Jan 19.364:248-254. [PubMed:
21247315]

National Health and Nutrition Examination Survey. What We Eat in America, 2007-2008. 2010
Aug 1.

Hintzpeter B, Mensink GBM, Thierfelder W, Muller MJ, Scheidt-Nave C. Vitamin D status and
health correlates among German adults. Eur J Clin Nutr. 2008; 62:1079-1089. [PubMed:
17538533]

Carroll MD, Lacher DA, Sorlie PD, Cleeman JI, Gordon DJ, Wolz M, Grundy SM, Johnson CL.
Trends in serum lipids and lipoproteins of adults, 1960-2002. JAMA. 2005; 294:1773-1781.
[PubMed: 16219880]

Smith LM, Yao-Borengasser A, Starks T, Tripputi M, Kern PA, Rasouli N. Insulin resistance in
African-American and Caucasian women: differences in lipotoxicity, adipokines, and gene
expression in adipose tissue and muscle. J Clin Endocrinol Metabol. 2010; 95:4441-4448.

J Nutr. Author manuscript; available in PMC 2016 March 22.


http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/vid_d_met_vitamin_d.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/vid_d_met_vitamin_d.pdf
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/SSFA_C.htm
http://www.cdc.gov/nchs/nhanes/nhanes2003-2004/SSFA_C.htm
http://www.cdc.gov/nchs/data/nhanes/nhanes_03_04/l13_c_met_lipids.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/tchol_d_met_h912.pdf
http://www.cdc.gov/nchs/data/nhanes/nhanes_05_06/tchol_d_met_h912.pdf

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Schleicher et al.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Page 15

Gruber M, Chappell R, Millen A, LaRowe T, Moeller SM, lannaccone A, Kritchevsky SB, Mares
J. Correlates of serum lutein plus zeaxanthin: Findings from the Third National Health and
Nutrition Examination Survey. J Nutr. 2004; 134:2387-2394. [PubMed: 15333733]

Walmsley CM, Bates CJ, Prentice A, Cole TJ. Relationship between cigarette smoking and
nutrient intakes and blood status indices of older people living in the UK: further analysis of data
from the National Diet and Nutrition Survey of people aged 65 years and over, 1994/95. Pub
Health Nutr. 1999; 2:199-208. [PubMed: 10447248]

Rock CL, Thornquist MD, Neuhouser ML, Kristal AR, Neumark-Sztainer D, Cooper DA,
Patterson RE, Cheskin LJ. Diet and lifestyle correlates of lutein in the blood and diet. J Nutr. 2002;
132:5255-530S. [PubMed: 11880586]

Simon JA, Fong J, Bernert JT, Browner NS. Relation of smoking and alcohol consumption to
serum fatty acids. Am J Epidemiol. 1996; 144:325-334. [PubMed: 8712189]

Rockell JEP, Skeaff CM, Williams SM, Green TJ. Serum 25-hydroxyvitamin D concentrations of
New Zealanders aged 15 years and older. Osteoporos Int. 2006; 17:1382-1389. [PubMed:
16832715]

Sun Q, van Dam RM, Spiegelman D, Heymsfield SB, Willett WC, Hu FB. Comparison of dual-
energy X-ray absorptiometric and anthropometric measures of adiposity in relation to adiposity-
related biologic factors. Am J Epidemiol. 2010; 172:1442-1454. [PubMed: 20952596]

Arab L, Adams JS, Kim H, Kohlmeier A. Relationship between body mass index and serum 25-
hydroxyvitamin D stronger among Caucasians than African Americans in NHANES adults 2001-
2006. Open J Epidemiol. 2012 Feb 1.2:7-13.

Bailey RL, Gahche JJ, Lentino CV, Dwyer JT, Engel JS, Thomas PR, Betz JM, Sempos CT,
Picciano MF. Dietary supplement use in the United States, 2003-2006. J Nutr. 2011; 141:261—
266. [PubMed: 21178089]

Kimmons J, Gillespie C, Seymour J, Serdula M, Blanck HM. Fruit and vegetable intake among
adolescents and adults in the United States: Percentage meeting individualized recommendations.
Medscape J Med. 2009; 11:26-25. [PubMed: 19295947]

Blanck HM, Galuska DAGC, Kettel Khan L, Serdula MK, Solera MK, Mokdada AH, Cohen LP.
Fruit and vegetable consumption among adults - United States, 2005. MMWR. 2007; 56:213-217.
[PubMed: 17363889]

Leo MA, Lieber CS. Alcohol, vitamin A, and beta-carotene: adverse interactions, including
hepatotoxicity and carcinogenicity. Am J Clin Nutr. 1999 Jun 1.69:1071-1085. [PubMed:
10357725]

Pownall HJ, Ballanyne CM, Kimball KT, Simpson SL, Yeshurun D, Gotto AM. Effect of moderate
alcohol consumption on hypertriglyceridemia - A study in the fasting state. Arch Internal Med.
1999; 159:981-987. [PubMed: 10326940]

Haynes BM, Pfeiffer CM, Sternberg MR, Schleicher RL. Selected pre-analytical and physiological
variables are weakly to moderately associated with twenty-nine biomarkers of diet and nutrition,
NHANES 2003-2006. J Nutr. 2013

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 16

Schleicher et al.

§0'0>d
M

sanAnoeR [21sAyd awi-ainsia| paliodai-§|as wo.y ym/uiw-1 JIA Ul (13IA) Ysel Jusjeainba o1jogelsw [e10) Se pale|nofes :AlAnoe _S_méaw

Joueyia 6 GT ~ yuup T {[Gz'59€ / (AouanbaiyxAiuenb)] syuup . plepuess,, Jo Jaquinu Ajrep abesane se paje|ndjed :uondwnsuod |0yod|y

S

aInsodxa ayows analedio Jo Jaxewolq EEomv

(41d) oney awodu| Auanod >__Emu_m

(9002-500Z SANVHN) NVX pue ¥vD ‘JIA ‘VIA J0

SUOITRJIUSOUOD WNJSS PUB *(9002—£002 SINVHN) AHOSZ 40 SUONEAUSIU0D W3S ‘(#002—£002 SINVHN) V41 pue WV4Nd "'V4NIN ‘V4S J0 suonenusouod ewse|d :sisAjeue 1oy a|qe|ieAe elep Jaxewolg

z
siiAydoypuex ‘Nwx :(joseydodoi-eydre) 3 utwena ‘JIA ((jounss) v UIWENA WA

{(V4Nd ‘V4NIN ‘Y4S 10 wns) spioe Aney [e10] ‘w41 :sp1oe Aley pajeanies ‘/4S :spioe Aney pajesnjesunAjod ‘Y4Nd ‘spioe Alje) pajeiniesunouow ‘4N IA :Sausiosed ‘YD ‘A ulwelAAxoIpAy-sz d:ommH

890
900~
10
900
0’0~
200
220

v

SL0
200-
800
100-
LOT0-
00
ALT0

v4and

LE90
60°0-
L5310
500
100
€0°0-
L0

V4NN

,90 900 620 560 S0 220 011S3]0UD [e101
900- LT0  OT0  ZT0 g0 00 gfnnnae [eaisAud
B8T0  €0- 20~ 9T0-  ¥T0  1pg- NG
or0 L0 goo 200 0 0 guondwnsuod joyooly
100- 00— 620~ 9T0- 020~ gpo- RUIUN0D
100 LOT0 600  8T0  STO ETO cdid
J20 g0 600 ,800- YO ,ST0 aby

VidS dHOSZ NVX qvOo JIA VIA d|qelreAsnonuiuod

2:19002-€00Z SANVHN ‘A0z= sinpe 1o} sa|qelieA paje|al-pidi|

10 81A1sa41] ‘01ydelBOWSPOID0S SNONUIUOD PB]IBIaS PUE SISXJBLIOIC [RUONLINU 3]gN|0S-1.) JO SUOITRAIUAdUO0D L3amaq SIUsIdIIa09 UoNe|al10d uewieads

Author Manuscript

T alqel

Author Manuscript

Author Manuscript Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 17

Schleicher et al.

(8TT-801)
1T

(9TT-60T)
AN

[4
¥000°0

(#'TT-601)
Tt

(80T-92'6)
€01

(Crasany)
61T

>
¢s0

(§TT-601)
AN

(rTT-L0T)
TTT

14

10000>
(T2T-5711)
81T
LTT-T71T)
an
(LoT-¢01)
05°0T

/10ww
Y4}

(86'7 —897)
€8y

(667 - 18%)
067

T
€00

(z6v-0L7)
181

(87 -8r'y)
99'y

(925 -¥87)
S0'S

T
€0T00

(T0'5-087%)
06t

(8v-197)
€LYy

4

10000>
(2rs-587)
867
(¥0'Ss - 08'%)
26
2Ly -v57)
€9Y

/oww
v4nd

(€8'2-0572)
99°Z

(€8'2-952)
69°C

€
T000°0>

(0£2-¢572)
197

(8¢z-012)
6T°C

(z0€-552)
8.¢C

>
150

(92— 1¥'2)
95°Z

(z212-0572)
19°C

9

10000>
(00€-1872)
06'Z
(922-9572)
997
(zrz-822)
Ge'z

/10ww
V4NN

(007 - 65°€)
6L°€

(L8'€-¥9°€)
GL'e

4
20000

(18°€-09€)
0L°€

(vse-¢€z€)
8e'e

(2T¥-99°€)
68°C

>
€0

(z8'€-19°€)
AN

(62°€ - 05°€)
v9°€

14

T0000>
(zo'v - 08¢€)
T6°€
(¥6'€-19°€)
008'€
(z5e-se€)
vie

/10w
v4S

(8'09-TL9)
6'85

(LS5 -0'08)
6'2S

9T
T0000>

(959-9729)
T%9

(r'6€—8'GE)
9'/€

(zes-g9n)
v'6v

0
T2000

(2'09-899)
1'8G

(6:09-029)
6'85

>
€70
(009 - 2'95)
£'85
(€09 - 095)
2'8S
(129-519)
8'65

/10w
aHosz

(TT2-061T)
102

(0s2-€712)
T'€T

S
T0000>

(T22-502)
€T

(Lsz-v¢€a)
ST

(Lee-2'82)
6°0€

>
T€000

(evz-€722)
£'€T

(zez-v12)
A4

T>
08€0°0
(zsz-8722)
02
(0vz-27T2)
922
(eez-€T12)
€22

Tp/6ri
NVX

(r'26-0729)
9%S

(rzs—g8h)
'05

>
T0000>

(029-589)
209

(8T9-079)
8'.G

(185 -€29)
1'SS

>
T000°0

(T¥9-109)
129

(165~ ¥'59)
TS

>

6TY0'0
(565 -229)
0'95
(r'v9-6'25)
119
(L29-1289)
909

Tp/ori
dvo

(TzT-1T7D)
9Tt

(#TT-807T)
1T

€
T000°0>

(szT-027T)
44

(20'71-86°0)
00T

(STT-60T)
T

>
T0000>

(r2T-LTT)
0z'T

(8TT-¢€TT)
STT

4>
10000>
(rT-96T)
or'T
(9zT-6TT)
€T
(¥0'T-00T)
20T

p/Bw
JIA

(z09-¢19)
8'85

(025 -1€9)
2'sS

9
T000°0>

(L'19-169)
109

(825 -509)
918

(925 - 6°09)
11§

v
T000°0>

(996 - 0'%5)
€68

(929 -909)
919

S

10000>
(199 -829)
7'%9
(2'65—2L9)
1'8S
(€95 - ¢€€9)
€S

Tp/ori
VIA

100yas yBiH

100y2s ybiH >
uoieanp3
%

anjean-d
MHN
dHN

VYN
A1o1uyle-aoey
% ‘ZJ

anjeA-d
UBWOAN

usy

X85
9% !
genlen-d
092
65-07

6€-0¢
A ‘aby

o1ydesBowapoldos

a|qelreA

+'e'2719002-€002 SANVHN ‘A 0Z= sinpe 1o} se110681ed 8jqeLieA olydesfowsporoos Aq paijiesls SUOIRIIUSIU0D J8XIeWolq 8|qn|os-1e) paisnipeun

Author Manuscript

¢ ?dlqel

Author Manuscript

Author Manuscript

Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 18

Schleicher et al.

G'e< :yby 4o ‘G'€—G8'T< :WNIpawW ‘G8'T—0 :MO] Se paziiobiared (H1d) oney awodau| Aanod AjiweS

L

umoys se saliofared Buisn (uoissalbal Jeaul| ajdwis) T [9powW U0 paseq N_m

1S9} 4 pPIeAA 8y} Uo paseq anjen-d

S

T 9|qe.L [eluswsajddns ul punoyj aq ued ajgeLien Aq paljiiedis JaxJewolq yoes 10y sazis ajdwes

14

(9002-500Z SANVHN) NVX pue ¥ ‘JIA ‘VIA 40

SUOIEAUAdUO0D WiNJas pue {(9002—-£00Z SINVYHN) AHOSE 40 SUOIE.IU30U0D WNJss ‘(#002-£00Z SINVHN) V41 PUB V4Nd ‘V4NIN ‘'V4S 10 suoljeiuaouod ewseld :siskjeue 10) a|qe|IeAe ejep Jaxlewolg

€

(/10wr) 81Z°€2X ‘IA ((1/10Wr) TEFED0X "VIA SMOJ|04 SE 818 S10}08) UOISISAU0D |S 's||Aydoyiuex ‘N'X :(oJaydodoi-eyde) 3 uiena ‘JIA (jounal) v UIWeNA 'VIA
{(w4Nd ‘Y4NIN ‘v4S J0 wns) spioe Ale} [e101 ‘w41 ‘Sp1oe Ajey pajelnies ‘4S ‘spioe Ajey pajednjesunAjod ‘Y4Nd ‘sp1oe Aley pajelniesunouow ‘4NN (Sauslosed ‘YD ‘g ulwelAAxolpAy-sz ‘aHOSe,

4

pake|dsip aJe sueawW dIBWIYILIE YIIYM 10} AHOGZ 40 uondaoxa ay yum (1D %S6) SUBSW d118W0ab aJe mm:_m>H

>
250

(9TT-60T)
€11

(#TT-2L0T)
0Tt

(§TT-601)
AN

>
1€0
(e1T-801)
01T
J/j0ww
v4l

>
92’0

(T0s-9L%)
88y

(€67 - L97)
08y

(687 —697)
6L

>
910
(06'7 —89%)
6L
T/j0ww
v4nd

>
€20

(892-5v'2)
15T

(0L2-9v2)
1SC

(922-9572)
99°Z

1
99700
(65C-5v'2)
28T
/10w
V4NN

>
260

(z8'€-55°€)
89'¢

(v8'€—595°€)
69°€

(62€-129°¢€)
1€

1
82000
(89 -¢€5€)
19'€
/10w
v4s

4
T000°0>

(e'v9-£09)
€29

(L09-1299)
1’85

(€96 -5'19)
6'€S

r4
10000>
(929-1'89)
L'09
/10wy
dHosz

T
09000

(8v2-8722)
g'ee

(162 -6'02)
022

(zez-102)
612

z
10000>
(672 -1€2)
0've
p/6ri
NVX

€
T000°0>

(2’89 -1'€9)
8'G9

(865 — ¥'5S)
9.8

(956 -919)
G'€S

4
T0000>
(29— 1'€9)
7’59
Ip/6ri
dvo

4
T0000>

(Lz1-227)
T

(Tzt-2171)
9T'T

WTT-907T)
0T'T

1
T0000>
(¥zT-81T)
12T
p/Buw
3IA

1
T0000>

(T19-2789)
6'65

(T09-029)
G858

(696 - T'¥S)
§'SS

H
T0000>
(e09-1219)
0'65
Tp/brt
VIA

% ‘24

anjen-4
ubiH
wnipaN

MO
,3ld
% ‘ZJ

anfen-d
100y2s YbIH <

S|qelren

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 19

Schleicher et al.

or/uAnde jeaisAyd

€ T € € S 14 € z z % 24
¥000'0 0v20'0 £200°0 T000'0 T0000> T0000> T0000> T0000> T000°0> anfeA-d
(0ct-601) (L0s-0L7) (s82-952) (FO¥-69¢€) (evS-008) (502-881) (evS5-€7T8) (TZT-ST'T) (€85-9GS)
an 88y 0.2 98°¢ 12S L'6T 82§ 8T'T 6'9G 88800
(8TT-211) (86 7—-8L%) (LL2-652) (88€-89¢€) (0€9-283) (TGc-zee) (6v9-86S) (82T-02T) (029—86S)
gTT 88y 897 8¢ 609 T €29 vZ'1 609 wbremisno
(otr-101T)  (98%-85Y¥) (eSc-1z2) (85e-62€) (099-€29) (L9z-8¢€2) (269-929) (LTT-0TT) (065-299)
90T LY 6£2 ev'e T%9 FAL°TA 8'59 eT'T 9'L§ B1am [ewioN
(Ly9-8¢€s) (8T-86T) (62.-705) (TTT-880) (9¥S-T9%)
UN uN N N €65 162 909 660 A wBremispun
6INg
T 1> T T T T T 1> € % ‘24
G/E0°0 86°0 T900°0 S820°0 T0000> T0000> T0000> w0 T0000> anfead
(08zt-0211) (€Ts-8Fy) (9z€-0.2) (6vvy—8L€) (259-069) (1T2-82.T7) (509-128) (221-80T) (€99-+29)
06'TT 6Ly 962 rAR 129 76T A ST'T %9 +Z
(ter-201)  (T0S5-+9%) (.82-8€2) (00v-8r€) (099-209) (092-¥Te) (£29-276%) (92T-€TT) (089-€€9)
an 4:34 19°C €Le 1'€9 9'€Z £'€9 6T'T 9'59 >-1
wTT-201) (W67 -89%) (F9z-2ve) (6L€-05¢€) (619-28%) (Tve-8T2) (Fv9-209) (T2T-STT) (T'65-699)
01T 8 €52 ¥9'€ 009 622 €29 8T'T 085 (010U) T>
(gtT-801) (e6v-2L¥) (89Z-15C (G2€-19€) (185-82S5) (¢ve—6T2) (1'86-G€%) (SG2T-GTT) (8'95—G¥S)
AN €8y 652 89'¢ g'sg 0'€Z 1'SS 0z'T 1'SS 3UON

m:o_EE:mcoo 10yo9|v

1> T 1> 1> > 8 IS I 0 % ‘2
v.0 £1000 100 6T°0 £€€0°0 1000'0> 10000> 10000> 60 g®NIeAd
(gtr-801) (28%-85Y%) (e82-652) (88€-19€) (+¥09-195) (28T-T21) (T€5-T6v) (OTT-+0T) (0°09-9'99)
A oLy 697 178> 7'8S 6.7 11§ 10T £'85 SOA
(etT-601) (967-8L%) (29Cc-Lv2) (92€-95¢€) (019-228) (6Gc-2¥2) (6v9-0729) (92T-6TT) (¥'65-TL9)
71T 18 ¥S°C 99'¢ 165 0'6Z G'€9 €T 2'85 ON
glfows
81A1say1]
J/10ww J/10ww /10w J/10ww 7/10wu p/bri p/6n p/Bw Tp/ort
V41 v4nd v4nin v4S aHosz NVX dvo EITN VIA 3|qelen

»'e'z79002-€002 SANVHN ‘A 0Z< sinpe Joj sa1i06a1e0 ajqeLieA 8|A1sajl] AQ paijiie.ls sUOIRIIUSOU0D JaXIewold 8|qnjos-1e) paisnipeun

€9lqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 20

Schleicher et al.

M3IAJIBIUI pjoyasnoy ay3 Buipadald p og ay1 Burinp Juswa|ddns Aseiaip Aue %00} OyMm auo Se paulyap, Jasn Emca_%:_m:HH

AiAnoe [earsAyd awn-ainsia) wouy ym/uiw- 1 I ul (13IN) Xsel usjeAInba d1jogelsw uo paseq paziiobaled :AliAnoe _S_w\fn_oH
(0£=) 8s9q0 J0 ‘(0£>—G2) WbI1aMIBN0 ‘(Gz>—G'8T) Jublam Jew.ou (G 8T>) Jubiamiapun se paziiobsred ANE\mv_v __>_m_mv

Joueyia B GT~ quup T {[Gz'59g/(AouanbaiyxAinuenb)] syuup . plepuess,, 4o Jaquinu Ajrep abesane se paje|najed :uondwnsuod _o:ou_,qmw

umoys se saliobared Buisn (uoissalbal Jeaul| ajdwis) T |9pow Uo paseq N_N
1531 4 P[eAA 9y} UO paseq w:_m>-n_w

/61 0T< UONEAIUSIUOD BUIUNOD WNIBS AQ paulyap :_mv_oEw:m

T 81qeL [ewuswa|ddns ul punoy aq ued ajgeLIeA Ag palyiiells JaxJewolq yoes 1oy sazis m_aEmmv

(9002-500Z SANVHN) NVX Pue ¥vD ‘JIA ‘VIA 40

SUOI1eJIuUaduU0d WnJss pue "AOOONIMOON ww_Z<IZv dHQOSZ 40 suoljeljuaduod wniss HQOONIMOON WM_Z/\IZV V41 pue Y4Nd ‘V4NIA ‘V4S JO Suoleuaduod mEmm_Q ”m_w\m_mcm J0J 9|ge|leAe elep Jaxiewolg

€

(A/10wr) 81Z°€2x *IA {(1/10Wr) TEYE00x VI SMOJ|0} SE I8 S10}0B) UOISISAUOD |S s||Aydoypuex ‘N'X :(jolaydodol-eyde) 3 uleda ‘JIA ((jounal) v ulwenA ‘vIA(v4nd
‘W4NI ‘V4S Jo wns) spioe Aley 2101 ‘41 ‘Spioe Ay paresnies ‘vy4S ‘spioe Ajjey pareinyesunAjod ‘w4 Nd ‘sp1oe Ane) pajeinjesunouow ‘\y4NIA ‘Sausloted ‘YD ‘Q UIWelAAX0oIpAY-GZ .n__._ommN

paAe|dsip aJe sueaw d1BWYILIE YoIyM J0y AHOSZ 40 uondaoxa ayl yum (1D %S6) sueaw d111awoab ase mm.j_m>H

T
6,700

LrT-2710)
fan

(@TT-701)
80T

>
62°0
(eTT-9501)
60T
(9TT-20T)
A
(9TT-801)
AN
(91T-0TT)
€T
T/loww
V41

T
T€C00

(S0s-6L7)
167

(¥8v - LS7)
oLy

>
690
(06'7 — 59')
LY
(zo's-0L7)
98y
(€67 -TL7)
8y
(005-TLY)
a8y
J/10ww
v4nd

T 1 v 1 € T z % ‘24
90100 £800°0 10000> 1000°0> 1000°0> T0000> 1000'0> anfen-d
(z2z-652) (88€-89€) (r¥9-TT9) (0Sz-T¢€2) (865-82S) (vO'T-00T) (0°29-—56S)
992 8L°€ 129 (g 74 €S 20T 809 SOA
(t9z-6€2) (12€¢-2ve) (195-81S) (r2z-v02) (899-229 (L€T-0€T) (§9S-¥¥S)
052 95°¢ TS v'12 L'v9 ee'T 1'SG ON
Tpiesn juawalddns
T T 14 14 ¥ > T %
15000 €000°0 T0000> T0000> T0000> o T0000> anfead
(95z-ver) (ore-1ve) (029-€29) (S9z-2va) (02,.-999) (FZT-9TT) (GT19-989)
e 95°¢ L'¥9 €62 1’89 0z'T 109 +000T
(02z-6€2) (z8e-19€) (L€9-¢€6S) (96z-2T2) (099-2LS) (92T-€TT)  (r09-TLS)
52 99°€ GT9 €€ 019 0zT 185 000T> 00§
(08z-1vre) (z8e-v5e) (509-895) (S5e€z-0T2) (8T9-08S) (€2T-€TT) (L85-2'GS)
19°C 19°€ 9'8g e 6'6G 8T'T FAVAS 005> -0
(6,2-2927) (e6€-69¢) (8¥S-T1S) (8Tz—-g6T) (zes—e6v) (02T-2TT) (G85-L'SS)
0.2 18°€ 6'2S 102 Z'18 9T'T T'1S paliodal auoN
7/10ww J/10ww 7/10wu p/6rt p/6n p/Bw Tp/6rt
v4nin v4S aHosz NVYX dvo JIA VIA a|qeleA

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 21

Schleicher et al.

(zp>u) azis |99 arenbapeul Jo asnedaq passaiddns arewnisa ‘payodal J0N IN

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 22

Schleicher et al.

€0-

§'0-

70T
07T
¥'6
9'9

€G-
<'L-
0'L-

18-

90
€¢
0T

Vi

L0
0¢
0¢

0¢

vl

Jeo- o Te
y1-  \0C
68 001
o8 50T
£8 08
06 €9
ro 05
yI- L9
m.—”| &.m.m.ﬂ|
0e- L9
8T TT-
L€ 90
B
B
HO' *v.N
8T .88
0T £9
0T S

vand  v4ANI

€0-

€9-
§'8-
L')-

18-

0¢
(44
8T

0¢

¥'0
0¢
A

€€

vis

8'T-

Sv-

0¢T-

*

6'TT-

X

6'€T-

*

8'vT-

X

9'€e-

X

8'€c—

*

T'9¢-

X

§'9¢-

X

T0
€0
¥'0

dHOS¢e

Tl
685

8'19

*
NN
T'ee
182
8€
2T
oe-
€0
g€

9v

§'¢
9V
9V

S'¢

NVX

V-

4]

8¢
§'8-

76

Ts

60

0v-

dvOo

T0T-
STT-

T81-

X4
8¢

a4

0'S
S'L
S8

€8

JIA

LT Z 19poNl

J T 18POIN

4059103 J1uN  A12Ad 1d1d

L8 ¥ 13pOIN
8- € 13POIN
L00T- Z 19PON
LV T 13PN

oMHN SA VIN :Al01ULe-a0ey

6" ¥ 13poIN
80T € 19PN
el Z 13PON
L= T 13POIN

gMHN SA GHN :Auotuyie-soey

D6~ ¥ 13poIN
L06- € [9PON
£01- Z 13pON
£ 01 T [9pON

UsW SA UBWIOM X3S

x4 ¥ 13POIN
O € 19PN
L€ Z 19PN
g T 19PN

asealoul Jeak T Alans :eby

VIA s|qelren

g'p'e'z'19002-£002 SINWVHN ‘A 02 sinpe

Joj erep Buisn Buljgpow asim-yunyd ybnoayisajqerien parejal-pidij pue ajA1sayl] ‘olydesBowapoldos oy Bunsnlpe Jalye siaxsewolq ul sabueyd parewns3

Author Manuscript

Author Manuscript

v alqel

Author Manuscript

Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 23

Schleicher et al.

[
6°¢
8a
0
0

9'0-

0¢
8¢

A

Te
Ts

T¢E

1
L'T

¥'0

90
9'0-
0

6T

¥0
S0
vl

eT 02
o€ e
ST 19
€0 S0-
z0 §0-
go- L0
€0 Ra4
ST «<9
97T LS
90- S8
67T Sl
T0- «S
Jo- s
8T~ &9
SE 9G
LT 60
€T €0
zT €
A €9
OT- L€
A S
vand V4N

S'€
€g
€9

€0-
§'0-
vi-

vy
9

0's

8V
6'L

6V

ST
§¢
o4

A4

€T

0¢
Ly

0
17
vis

'S

4

9'8

§T-

ST-

9'0-

-

X

9'0-

9'0-
dHOS¢e

79
79

a4’

S'C
S'C

8¢

BYT-
LT~

s

9T-
S0

TY-

8-

0've-

X

9'8¢-

X

EVi-

X

eTT-

X

LE0T-

8-

68—
T0
92

80

LELT-
€9T-

*

9'6T-

¥

S0
S0
90

¢0-

9'0-

79
8'9

9'8

€0-

T0-

[
¢T-
81—
0€-

L'0-
TT-
VIA

¥ I18pON
€ ISpoN
T I3PON
£OU A s34 11asn Juawis|ddng
¥ I8SpON
€ I8SpoN
T I19PON
ZpIWUIW -13IN 0ST SA 05 :Runnoe eatshyd
¥ I3PON
€ 18SpoN
T IspON
OSB3I0 96GT IING
¥ I3POIN
€ ISpoN
T I8SpON
QTP/SHUMP 0 SA T 1[0Y0dIY
¥ I3POIN
€ 19pON
T I8SpON
60U SA S9K LIajows
¥ ISPOIN
€ 19pON
C ISpoN
T I19PON
gSH< SA SH = :uoneanp3
¥ I3PON
€ 1spoN
d|qelre A

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



Page 24

Schleicher et al.

G0'0>d 0 Wo.y wuaIapip Apueaiyiubis si abuey)
¥
MaIAJIBIUI ployasnoy ayr Buipadaid p og ay Buiinp wuawsjddns Aselaip Aue 001 Oym auo Se paulyap ,Jasn E.a.c,_m_ﬁa?u,:mH
AAnoe [eaisAyd awin-ainsia) Wwoly ym/uiw- 1 A ul (1L3A) Xsel usjeainba o1jogelsw uo paseq paziiobaed :AlAoe _S_mEn_NH

1yB1amiano 0] Jybram ewou woiy abueyd e o} ajqeedwod si ANE\?: 1ING Ul 8582193p %52 <.:

Joueyis B GT~ Muup T {[Gz'59g/(AdouanbaiyxAinuenb)] syuup plepuels,, Jo Jsquinu Ajrep abesane se pajendjed :uondwnsuod _o;oo_<9

/61 0T< UONEAUSIUOD BUILNOD WNIas AQ paulsep ..Exo_tm:m

(SH) 100yds ,_m_:m

G'e< :ybiy Jo {G'€-G8 T< WinIpawl ‘G T—0 :MO]| Se paziiobiared {(H1d) oney awoau| AlBA0d >__Emu_m

(WVIN) ueduawy uedixal ‘(AMHN) alym oluedsiH-uou {(gHN) 32elq o_cm%_I.cozo

(-2 sjepow) € ajge | [euswsajddns pue (T |apow) T ajqe. [eluswsajddns ul punoy aq ued ajgerieA Ag Jay ewolq yoes 1o} Sazis m_QEmmm
(9002-5002 SANVHN) NVX pue 4D ‘JIA 'VIA J0

SuUOIleluUsdu0d Wniss pue ROOONIMOON WM_Z,QIZV dHQOSZ J0 suoneuaduod wniass ”Q\OONIMOON mmZ(IZv V41 pue \Y4Nd ‘V4NI ‘Y4S JO Suoliejuaduod mEmm_Q ”m_m>_mcm 10} 3|qe|leAe elep ‘_wv_‘_mc._o_mv

JUBISUOD [3pOL 8} Ul S3|geLIeA Jaylo Aue Buipjoy ajiym
N0 paLLIed Sem 3]qerienod ul abueyd (sBnip Buiiaife-pidi] Jo asn pue [0481sa|0yd [€101) Sa|qeLieA palejal-pidi| pue ajA1sayl| ‘o1ydesBowapoldos 1oy Bunsnlpe uoissaibal Jeaul] ajdinw ‘4 |apow ‘sajgeLieA

81A1sa1] pue a1ydesBowap-0190s 10y Bunsnlpe uoissaifial Jeaul| ajdinw ‘g [apow ‘sajgetsen diydelbowsap-0120s Jo) Bunsnipe uoissaibal Jeaul] ajdinw ‘z [apow ‘uoissaibas Jeaul) ajdwis ‘1 _mvos_m

sliAydoypuex ‘Nv'X ‘(joseydodol-eydfe) 3 utweda ‘JIA (Jounss) v UIWeNA 'VIA
{(W4Nd ‘Y4NIN ‘V4S J0 wns) spioe Aiey [e10] ‘1 ‘Sp1oe Ale) pajesnies ‘v4S ‘spioe Ay pajelniesunAjod ‘Y4Nd ‘Sp1oe Ae) pajeinjesunouow ‘4NN Sausioled ‘dyD ‘a ulwelAAxolpAy-Gz _DIOmNN

(71/10Wu) SHUN uoIRIUBIUOI SJuasaldal ueaw dnBWYILE Ul abueyd a1sym HOSZ 104 1daoxa siaxewolq |[e 104 ueaw d113awoab ul (%) abueyd Juaaiad Jussaidal momcmr_oa

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Nutr. Author manuscript; available in PMC 2016 March 22.



